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BEV1CES, SYSTEMS AND METHODS FOE TBI WHIT1NIKG C&FTEEXII 

CLAIM' OF PRIORITY 
[01] This. application claims priority to US. Provisional Patent Application No. &1/S33<303, 
filed September 12, 2011, entitled "Devices, Methods and Systems for fee WMteniftg of Teeth", 
snd from IIS Provisional PateKt Appliealiosi No* tsl/S96*238, filed February 8, 2012, entitled 

".Devices, Methods and Systems for the Whitening; of Teeth", which: were filed by the same 
inventor, iaiid'are incorporated in:their entirety herein by reference. 

FIELD OF THE INVENTION 

f02j The device and method of fee present invention relates; to dents;! treatments and more 
specifically, to teeth whitening treatments. 

BACKGROUND OF THE INVENTION 
[03] There is a. wide-: variation in fee visual color shade valo.es of the teeth. There is also 
commonly found. a wide variation within the same Individual of the different teeth in the mouth, 
due to a: variety of natural factors. Often, In the same individual for example, the natural color 

shade of the upper''and lower canines ate mote ''yellow'' than fee upper and lower central' and 
lateral incisors and it Is common to find that the upper (maxillary) teeth are generally "whiter" 

than the lower (mandibular) teeth. It is often also common to find that the anterior teeth are in 
general "whiter" than the posterior teeth. Known dental whitening treatments that will bo 
described below do not appear to take into account any of these significant variations, in baseline 
(pre-treatment) color shades which ate normally present in the same individual patient, prior to 
treatment, This means that whatever whitening result that is obtained using the various 
whitening techniques currently in use cannot in general be customized- to. a given patient's needs 

based on the initial differing baseline color shades values of the teeth that the patient presented 
with prior to treatment. It is feerefore extremely unlikely to obtain a completely uniform final 
whitening result utilising the current systems In use. 

[04] There are numerous over-the-counter consumer "whitening" products swell as 
toothpastes, whitening strips and mouthwashes. These- wilt not he discussed further. 

|C>5 j ITte -standard professional dental treatment for whitening teeth is to provide the user 

either by way of the dental office some form of dental tray appliance (custom made from dental 
molds taken, from each patient and made to lit to each patient) -and mild: concentrations of a 

whitening agent for self-application at home, These treatments are commonly referred to as the 
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"home" whitening method. 

[OS] The anatomical ares posterior to the terminal teeth, on the right and left sides of either die 
upper and lower jaws is reten«d to as the retro-molar pad The denial, tray appliance is typically 
fabricated to cover these temudal teeth sad their terminal borders are the retro-molar pads. 
There is- significant variability between patients as to the of their teeth, and. fee shape of 
their dental arches. In. regards to fabricating a tray to properly cover ail the teeth contained: 

within any giveu arch, the variable -width and length of the deotai arch nwst be considered, 

[07] The nser is instructed to fill the foil, arch dental tray with the mild whitening chemical 
agent (gel) and place -the tray 'tm the teeth for up to several hours each day over the course of a 
minimum of one to two weeks. The custom dental trays cover ail the teeth either in the tipper or 

lower jaw. This means that the user can whiten both thefrorst and back teeth, with this treatment 
method using one tray for the upper teeth and one tray for the lower teeth, This teeth whitening 
technique is referred to as a "compression" technique, as the whitening agent, is mainly 
contained dining treatment within the closed confines of the tray and not left exposed to the 
atmosphere, 

[08] It has been demonstrated that the: use of a compression technique with whitening agents 
potentiates whitening as this encourages oxygen ions release by the- whitening agent (the 
primary means of whitening: the teeth) to migrate towards the inside of the enamel structure of 
the teeth rather than to he released into the surrounding air (Miara and Mfara, 2003j, 

[09] It has been demonstrated, that the natural saliva in the oral cavity contains a peroxidase 
enzyme which naturally breaks -down and neutralises hydrogen peroxide (Tenovuo and ProiU, 
1984), Utilizing custom made professional whitening trays which adapt to the teeth mote closely 

than over the counter stock whitening trays .reduces the amount of saliva that can seep into the 
trays and come in. contact with the active - hydrogen peroxide that has been placed into the trays. 

This reduces the amount of deactivation, or breakdown by the saliva of the active gel and so 
increases the chemical whitening effect of this professional whitening treatment in comparison 
to over the coaster "stock" whitening trays (which are not as well adapted to the teeth and so 
allow a significant amount of saliva to leak into these trays). 

[010J The custom "whitening" dental tray appllanee(s) of the "home" treatment method 
mentioned above requires two dental visits. During the first office visit, dental impressions of 

the dental arches are taken, in the dental o$tc<2 from which are fabricated custom-fitted rigid or 

semi-rigid thin plastic <<whitmi«g,?- tray(s). These trays outer limiting surfaces can either be 
closely contoured to the teeth or made significantly larger than, the teeth. The above "home" 
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treatment method. requires tfcfc user to devote considerable tiroe (as mentioned shoe's) to achieve 
a. moderate degree of teeth whiteamg,. and clue to fee excessive exposure time of the teeth and 
gums to the whltenaiig agents can often cause the teeth to become sensitive as well as irritating 
or chemically burning the gam and oral mucosal tissues of the-: mouth. Many patients fincithe 

'efftwt required to achieve a sufficiently "whiter teeth'' result too taxing, asd there is often a very 
high rate of non-compliance, resulting m a poor final whitening result of the teeth. 

fOl I] These obvions drawbacks in the professional "hams'* whitening treatment method has in 
recent years givers: rise to professional dental treatments referred to in the dental field as "in' 

office'' or "power whitening" treatment This treatment method involves applying in. the 'dental-
office, utilising and under the supervision of professional dental staff, more: highly concentrated 

(and more caustic) fomralatiofts of various teeth whitening chemical. agents tfraa were 
previously used. for the "home'"'• whitening treatments, This''power' teeth whitening technique 
typically takes around one hour treatment time. To protect the gingival tissues from these highly 
concentrated Whitening, agents, a "painMin dam" or protective coating (a layer of material 
applied in a strip at the gum line which, is placed in a scalloped shape to contour to the gum-line) 
is applied by hand (very time-consuming) and hardened with a standard dental ll'V light 
Additionally, ah uncomfortable lip and cheek redactor device is inserted Into the mouth, along 
with cotton rolls (and gauze as needed) in order to try and protect the rest, of the oral tissues of 
the month from these highly concentrated and. caustic whitening agents. 

1012 j These precautions are necessary, as contact of these: highly concentrated chemical 
whitening agents esed in the"poweP whitening with the above mentioned soft tissues of the 
mouth will, in a few seconds,, cause significant chemical burning and pain, to the patient. 
Typically, three applications of the whitening agent (for approximately 2:0 minutes each) limited 
to only the- buccal (front) surfaces of only the anterior teeth are made, wherein the previous 

application is washed and suctioned off' the teeth and replaced with the next application. The 
lingual (inner) surfaces of these anterior teeth and the posterior teeth in their entirety are not 
"whitened" using this technique. The "power" whitening technique does not utilize a tray device, 

of any kind. The whitening agent is applied in an open i4non~cornpressed" paint-on manner onto 

the external buccal, surfaces of the limited teeth to be treated and so does not have the whitening 
advantages: of 'the. compression, effect of the wintening gel using trays as described previously 
(home whitening technique). 

[013] Over the past two decades there has also been a shift in "in office" or "power whitening" 
treatments to utilise "light activated" whitening agents over the older whitening agents that did 
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not require light activation to potentiate an oxidation (whitening) chemical reaction. These 
newer light '.activated •Whitening, agents are chemically formulated to oxidize when exposed to a 
concentrated intense Sight source which acts as a. catalyst to potentiate the chemical oxidation of 
these whitening agents, 

[014] There is msieh controversy in the dental, field as to whether die use of light activation of 
the whitening gels enhances the chemical whitening effect of these -gels. It has been postulated 

that it is actually the heat generated by the light and not any specific wavelength., of die light that 
actually increases the chemical, activity and hence the whitening activity of these whitening gels, 

|015] The light emitting devices currently being used hi the dental field catsu in general only 
reach die anterior portion of the mouth and only after the lips and cheeks have been retracted 
vsing devices as were described above. This is das to the limited natural elasticity of the lips and 
muscles surrounding the mouth which limit the number of teeth that can comfortably and safely 
retracted arid exposed to the light source and the highly concentrated "power" whitening 
chemical agents while still protecting the soft, tissues of die oral cavity from these highly caustic 
whitening agents, 

{0.16] As mentioned above, these limitations typically result lit. '"power whitening'5 treatments 
ol at a maximum, the front upper 10 and front lower 10 teeth, (the tipper aud. lower central and 
lateral incisors, canines and first and. second bicuspids) for a. maximum treatment of 20 teeth 
(there are typically 28-32 teeth in the tinman mouth). Due to the limitations already mentioned, 
it is common practice to find that only the top 8 and bottom 8 front teeth are "power" whitened 

for a total of 16 (only 50%) of the teeth often present in the patient's rooitfh, a distinct 
disadvantage of this teeth whitening technique, 

£03 7] A further limitation of the treatment area is that in general the lights used in the '"power" 
whitening can be positioned by the operator into the patient's month to illuminate mainly the 
buccal, (front or outer) surfaces of the anterior teeth while only poorly illnnikiating the lingua! 

(hack or inner) surfaces of these front teeth. It is also extremely difficult for the dental 
practitioner to apply the "paint-on dam" protective coating at the gum-iine of the lingual "inner" 
surfaces of the anterior teeth and almost impossible for the dentist to isolate the very active 

tongue with the current isolation devices and materials available in the dental field. This means 
that these sensitive oral tissues are extremely difficult to Isolate from the cattle chemical 
burning ofthsj highly concentrated "power" whitening agents, 

[018] The above explains why whitening of the inner (lingual) surfaces of the anterior teeth are 

rarely done in this technique and the posterior teeth are never whitened at all with this technique. 
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Moreover; the "power" whitening of only the buccal (outer) -surfaces of the anterior teeth 
adversely affects the overall final whitening result, as the natural enamel Myers pf the teeth 

(naturally found on both o«tfcr and i»ner surfaces of ail the teeth) are naturally somewhat 
translBceni, This allows for the "darker" shade, of the inner (lingual) untreated surfaces of the 

teeth to "show through" to the front Mrfaces. This naturally occurring; optical effect can. "bring 
down" or diminish the overall final whkening effect of these teeth when using the current 

''power" whitening treatment method. 

..[Olfj Advan tages of the "in office" or "power* whitening treatment method compared to the 
"honie" treatment include', a. It allows for the mote rapid whitening of fee teeth compared to the 
"home"' treatment due to the use of more highly concentrated whitening agents. This reduces 
significantly the aver-all treatment time; b. As. it is done '"in-offiee"., there is less of a non-
epmpliance issue with, the patient as is often encountered with the more lengthy "home" 
treatment; and c. The shorter treatment time tends to nsMireuxe the irritation or sensitivity of the 
teeth, as the teeth are exposed; to these agents for a shorter period of time, though same users do 
experience teeth sensitivity due to the more concentrated strength of the chemical oxidizing 
agents used in this treatment method and the often encountered unwanted leakage of small 
arnoimts of the highly concentrated whitening agents past the protective barriers placed by the 
dental practitioner onto the oral tissues daring the "power" whitening treatment 

[020] Disadvantages of the "In office" treatment method compared to the "home'* treatment 
'include:, a.. As noted above, only the front .teeth can. be comfortably whitened with the "in office" 

method,: as compared to the "home'' treatment which allows for the wfntening of both the front 
&ad back teeth.; b. As mentioned above, the more highly concentrated formulations of the 
whitening oxidising: agents are more caustic to the hard, (tooth) tissue and soft (gurus, oral, 
mucosa, tongue) tissue of the month and w respire the application, of special hand-applied 

gingi val and oral mucosal barriers by professional dental staff wider the supervision of a dentist 
or by the dentist him/herself on the gingival and oral mucosal tissues of the areas to be treated in 
order to protect them from these highly concentrated whitening chemicals. This is a time-

eonsurniug procedure that often needs to fee reapplied during treatment to properly protect the 

soft tissues of the mouth form these highly concentrated whitening agents. Even with all this 

Isolation effort, as mentioned above, it is typical to find some leakage and burning of the oral 

tissues of the patient resulting in temporary pain and discomfort to the patient; c. Due to the 
inaccessibility of the posterior teeth and difficulty (due to the cheeks and tongue) of the posterior 

areas of the month, these whitening treatments invariably are restricted or limited (due to the 
extreme difficulty of protecting the oral soft tissues surrounding the posterior teeth) to the 
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anterior segments of the mouth; d Whitens mainly the front (buccal) surfaces of the anterior 
teeth: and only rarely is used to whiten the inner (lingual) surfaces of the anterior teeth; and: e. It 
is common to observe a more marKed "'rebound" effect (loss of whitening result) alter 'treatment 
with this "in office" treatment method as compared to the "home" treatment method. This is due 
to the short duration of treatment (as compared to the much longer treatment lime of the "home" 
treatment method) and the resultant rehydration of the teeth after treatment (the "power" 

whitening process tends to temporarily dehydrate: the teeth which:.'temporafily potentiates the 
Initial whitening .result), This- meatts that the typical final "whitening" result «si»g:Che "power*' 
whitening technique is significantly poorer then the: finai ' "whitening" result that can be obtained 
when the patient is highly compliant and uses the. "home" whitening technique •properly. 

SUMMARY OF THE INVENTION 

[021] There is provided, in accordance with an embodiment of the present invention, a device,, 
method and system for aiding teeth whitening. The device may include a mouthpiece suitable fbr 
implementmg a dental treatment, wherein, the mouthpiece includes one or more stock dental 
cover layers suitable for forming a treatment cavity Slaving a vacuum, wherein the dental cover 
layers includes a layer over the upper teeth and/or a layer over the lower teeth; and one or more 

treatment supply layers wherein the treatment supply layer has one or more flow channel in fluid 
communication with the treatment cavity so that the treatment supply layer can deliver and/or 
remo ve one or mote treatment.fluids to or from the treatment cavity. 

[022] In some embodiments, the dental cover vacuum is formed using a continuous or 

selectively sustainable sealing mechanism that includes a sealing rim formed of a compressible 
material in. conjunction with one or more sealing plugs attachable to the rear opemng(s) of the 
dental cover layer, wherein the sealing mechanism sufficiently seals the treatment cavity. 

[023] lit some embodiments, the sealing mechanism is adapted to prevent saliva from entering 
the treatment cavity and is adapted to prevent treatment material from exiting the treatment 
cavity. 

[024] In some embodiments, the treatment supply layer includes one or more heaters for 

heating a treatment material, lor heating at least a portion of the treatment cavity; or both. 

[025] In. some emhodiments, the device includes a handle integrated into the treatment supply 
layer suitable for: inserting the one or more dental cover layers over the upper and/or lower 

teeth, for.&djttstifig the position of the one or more dents! cover layers, for removing" the dental 
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covet layers after a dental treatment is completed, or any combination thereof. 

[026] to: some embodiments, the device .includes' a power line for delivering an electrical 

current to the treatment supply ..layer and one or more "tubes for delivering aod/br extracting cue 
or more treatment materials to the. neatmeut supply layer, the handle,includes the power line; or 
both. 

[Q27] :bi. some embodiments, fee dental cover layer covers the gum ridges, 

[028] In some embodiments, the device includes two dental cover layers for covering die -upper 
teeth and the lower teeth; at least one treatment supply layer interposed between the two dental 
cover layers to enable the tipper teeth and lower teeth to be treated simtdtaneonsly;. wherein the 
device includes one ot .more breathing vents in the treatment supply layer suitable for providing 
an air passage into and out of the month during a dental. treatment 

[Q29] In some embodiments, the handle includes one or more inflow tubes for flowing one or 
more materials, into the treatment supply tayer(s); and one or incite outflow tubes for 
flowing one or more treatment materials, dot of the treatment supply layer(s), 

fCBDj In some embodiments, the mouthpiece may include: one or more delivery "holes far 
flowing a treatment material ftoffi the treatment supply layer to the treatment cavity, and one .or 
more drainage holes for flowing a treatment material from the treatment cavity to the treatment 
.'•supply layer, and whes®in the treatment supply layer includes one or more delivery channels for 

transporting a treatment material from an inflow tube to the treatment cavity and one or more 
drainage channels for transporting a treatment material, from one or more drainage holes to an 
otsfflow tube. 

[031] hi some embodiments,. the dental -cm&C layer includes a compressible cavity plug 

suitable for sealing the cavity to. prevent material flow out of the rear sides of the vacuum 
forming layer. 

[032] In some embodiments, the device includes one or any combhiaiions of the: following 
design features; the dental cover layer incorporates a scrolled cut out apron design to conform to 

the gum ridges; the treatment supply layer includes one or mote Individually controllable 
heatifig zones; the dental treatment layer is between upper and. lower dental, cover layers and Is 

shaped to mirror a. hinge axis angle to facilitate natural jaw movement, 

[033] hi some embodiments, the above described vacuum is formed via: the treatment supply 
layer, by reducing the pressure, in the dental, treatment cavity below ambient pressure. 

f,034] In some embodiments, the device may include a pumping system:, for pumping one or 

7 



WO 2013/039906 PCT/US2012/054652 

more treatment materials into the mouthpiece; a midti-position flow control module; and a 
control unit for automating the dental treatment. 

[035] Is some embodiments, the device includes a dental gum guard 'component for additional 
protection against treatment materials. 

[036] In, some embodiments, the device includes a. dental gum guard component which 
includes a gum treatment layer on its inner surfaces for the delivery of ofie or more therapeutic' 

material to the gums, 

[037] According to same embodiments, a dental gam guard is provided, that may include a 
flexible surgical arch shaped drape designed to conform substantially to the gum ridge anatomy, 
and having pre-configured cut-out boles for customized insertion over the teeth which acts to 
provide a dry field, 

[038] in some embodiments, the dental gam guard includes a treatment material layer on: ooe 
or more surfaces, wherein the treatment material is suitable tor neutralizing treatment materials. 

[039] In still further embodiments, a method is provided for executing dental treatments, 
including positioning a mouthpiece including one or more dental cover layers: over upper and/or 
lower teeth; applying a vacuum to the dental cover layer so that a sealed treatment cavity having: 

a pressure below ambient, pressure is formed around the teeth; and: flowing one or more 
treatment materials into die sealed treatment cavity. 

[040] in some e.mlx>dimen.ts, the process includes one or any combination of the following 
steps: setting up si pump module to connect to a mouthpiece designed for a teeth whitening 
treatment; configuring, treatment settings on a control, device coupled to the pump module; 
applying a flow control, module to cause a vacuum between- the mouthpiece and the patient's 

gitffi, ridge anatomy; apply flow control module to automatically manage delivery of materials in 
accordance with said treatment settiags, and/or using a flow control, module to remove treatment 

materials from-the mouthpiece, 

|041 j In some embodiments, the method includes a. step of applying, flow control to change 
flow patterns during a treatment, |n order to optimize conformance to a treatment plan; 

[042] In some embodiments, the method includes a step of monitoring the treatment to track 
eon formanee to a treatmen t pi an. 

[043] In some embodiments, the method includes a step of monitoring the treatment to identify 

problems during, a treatment, 
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[044] In some embodiments:, the treatment supply layer includes a plurality of mnes including: 
a first sofce and. & second zone, wherein the process includes providing different treatment 
materials to the first mm and the second zone, 

[045] In. some embodiments, the treatment materials differ with respect to the temperature of 
the materials, with respect to the concentration of the materials-, or both, 

[046] The treatment device, according tp some euvbodimeuts, may be a stock, item that may be 

provided is several stock sixes,, and which is either reusable or » one-time throw-away item, may 
include a single dental arch or double dental arch mouthpiece with 'breathing tubes incorporated, 

into tfcie body of the -device that allow the patient to breathe through the month when, the-double 
dental arch mouthpiece is inserted into the oral cavity; The mouthpiece device h»s: flexible side 
walls with a .circumferential defbttnahfe apron of •unique design that adapts;: to the upper and. 
lower alveolar ridges of the mouth, Each arch formed well contains at its distal end (right aud 
left sides) a-rear seal plug, Hie ping is made of a. "highly cfeformabte material which when bitten 
into tightly conforms to the anatomy of the crown segment of the tooth that is hiring into it The 
plugs in conjunction with the nnitpely designed defonnabfe eircumferenlia! apron of the rim 
wells allows for the mouthpiece 'device- to closely adapt the upper and lower al veolar gum ridges 

and the distal most teeth (right and left side) creating an intimate continuous or selectively 
sustainable seal of the mouthpiece to these structures. 

[0471 The mouthpiece device also incorporates in its middle layer,, multiple flow channels with 
outlets and Inlets and .multiple heating elements, in various different arrays along its various 
surfaces whose temperature can be individually controlled by a microprocessor unit contained 
within a control, wait. In softie embodiments, these heating elements may be printed circuit 

resistors. Metal, pins may "be: connected to. these pins, aud the pin heads may come into contact 
with the treatment cavity, thus effectively transferring heat generated by the resistors to the 
treatment cavity arid the treatment material contained within it The microprocessor unit can 
control electrical power, time duration, alarms, sensors, individual or multiple heat emitting 

elements, pumps, motors, and other controls. Several different types and sisses of disposable 
customizable or stock separate gym. protectori^uartl elements can be inserted into the mouth 

prior to inserting the nioutiipeee and used in. conjunetian with, the device, 

[048] A pump component can be used to create a vacuum within the mouthpiece device. 

Differing, concentrations of chemical whitening agents can be pre-heated to a specific controlled 
temperature in a disposable heating chamber and then delivered in a controlled manner via said 
disposable pump and a set of disposable flexible tithing connected to the mouthpiece device. 
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Pressure sensors are integrated into the system to monitor volume and flow rate of the gel. and' 
vacuum seal integrity of the mouthpiece'in the. mouth. The whitening gel agents CM similarly: be 
removed torn, the device in. a controlled manner by said system. Similarly, fresh water can be 
delivered to and removed from the mouthpiece device in order to rinse or flush away any 
remaining gel. residue from the teeth and the inner surfaces of the .mouthpiece, 

[049] lb achieve the above, a motor-driven, rotating muM-pc^ition flow control valve 
Incorporated into the pump and controlled by the microprocessor of the control, unit allows for; 
1, the creation of a-Continuous or selectively sustained vacuum, in the mouthpiece 2. the delivery 

to the mouthpiece, and removal from the mouthpiece of the- whitening .gel 3, a imiqne "closed-
circuit" steady or pulsatile dynamic flow of the gel within the mouthpiece 4. delivery 333d 
removal of water to the mouthpiece to effect a rinsiag or flushing of any residua! gel from both 
the teeth surfaces and the inner surface^ of the mouthpiece, 

1050} An optional tooth shade matching sensor unit to record pre and post-treatment tooth 
shade values may be incorporated into the. control unit Additionally a removable hand with a 
sensor thai. Is connected to the control unit and which measures certain vital signs (such, as the 
pulse rate) of the patient may be connected to-the patient to monitor the comfort level of the 
patient throughout the treatment; 

[051] According to various aspects .of the invention, the device for providinga dental treatment 

may include a deformahie gum: sealing portion for covering a gum; a distal tooth sealing portion, 
wherein the gum sealing portion and the distal tooth sealing portion define a gap between at 
least a portion of the device and the tooth over which it lies; and. 
at least one fluid conduit portion .for passing a fluid into or out of the treatment cavity; wherein 
the placement in a patients mouth over a plurality of teeth the gym sealing portion contacts and 
deforms against a gum of the patient for forming intimate contact with the gum, and the distal 

tooth sealing portion deforms against distally located for substantially defining a seal at the 
distal tooth, so that a fluid can be Introduced, .removed., or both from, the treatment cavity while 
maintaining a seal with the defortnable gum sealing and tooth sealing components. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[052j Tire principles and operation of the system, apparatus, and method according, to the 

present invention may be better understood with reference to the drawings, and the: following 
description, it. being understood: that these drawings are given for illustrative purposes only and 
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are «oi meant to be'.linu&>& wherein: 

[053j FIG ia is a top view of an example of a mouthpiece device !., ftccoKfrng to some 
embodiments, wherein is depicted a dental areh shaped vacuum forming laye;; constructed from, 
flexible material with compressible rim s designed to form a tetfmem cavity over fee ppper or 

lower teeth and gain ridges; 

[054] FIG, lb is a bottom view of an example of a mouthpiece device 1. according to some 
embodiments; 

[055] HG ie .is an additional view of an example of a mouthpiece device 1,,according to some 

embodiments; 

[056] PIG, 2a is a. from view of an example of a mouthpiece device I, according to some 

embodiments; 

[057] FIG 2 b is a side view ofan example of a mouthpiece-1, according to some embodiments;: 

[OSS] FIG2e is a top -slew of an example of a m iddle Jay ex, according to some embodiments; 

[059] HG. 2d is a bottom, view of au example of a middle layer 4, according to some 
embodiments; 

[060] FiCi 3 is a close-up top view of au. example of an anterior segment of the middle layer, 
according to some embodiments; 

[06!] FIG. 4a is a front (labial) view of an example of a middle layer, according to some 

embodiments; 

[062] FIG 4b is an inner (lingual) view of FIG 4a, according to some embodiments; 

[063] FIG 4c is a front (labial) view of an example of fee device plates and layers, according 

to some embodiments: 

[064] FIG 5a is a vertical stack blow up front (buccal) view of one possible embodiment of 
components which comprise the double denial arch motdhpiece, according to some; 

embodiments; 

'[065] FIG 5b is a vertical stack blow up back (lingual) view of FIG 5a wherein are depicted 

the components which comprise the double dental arch mouthpiece, according to some 
embodiments; 

[066] FIG: 6a is an inner (lingual) view of an example of a mouthpiece device, according to 
some embodiments; 
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[067] FIG. 6b illustrates a view of 'Fid Sa: where a distal cross-sectional vertical slice of the 
mouthpiece device has been taken, according to some embodiments* 

[088] FIG '6c depicts HO. 6b wherein the: upper ? and lower 8 distal plsgs have been removed, 
according to some embodiments; 

[069] FIG 6d is. aa iaaer {lingua!) view of the middle layer, according to some 'embodiments;.' 

[070] FIG. 6e is an angled front view of the mouthpiece device, accofdittg to some 
embodiments; 

[071 j FIG 7 is an inner (lingual) close up: view of an example of a mouthpiece, according to 
some embodiments; 

[07.2] FIG 8a is front (labial) view of an example of a mouthpiece, according to some 
embodiments; 

[073] FIG 8b is a close ap inner side {facing the surface of the momhpiece* according to some 

embodiments; 

[074] FIG. 8c is a close up osier (facing away from the surface of the mouthpiece 1 not. 
depicted) view of the quick attach connector, according to some embodiments; 

[07$] FIG 9a is an angled view of one side of an example of a pump mechanism assembly, 

according to some embodiments-;-

[076] FIG -9b- is an angled view of the opposite side of FIG; 9a, according to some 

embodiments; 

[077] HG 9c is a top view of the pnmp mechanism assembly,, according to some 

embodiments; 

[078] FIG. 9d is a: front view of the pump.assembly, according to some embodiments: 

[0793 HG 10 is a top/front view of one possible embodiment of the control unit. according to 
some embodiments; 

i'OBOJ FIG. II is a top/back view of the control box 50 and the battery pack charger unit 52, 
according to some embodiments; 

[081] FIG :1:2a is an outer surface (bottom) view of one possible embodiment of the upper gnm 

guard, according to some embodiments; 

[082] Fid 12b is -an inner sitrlace (top) vie# of FIG 1.2-a, according to some embodiments; 

[G83J FIG.12c is an outer surface (top) view of one possible embodiment of the lower gum 
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guard, according to some enfeodiments; 

[0841, FIG 12d is an.inner (bottom) view of 'FIG 32c, according to some embodiments; 

[085] FIG. !3a m a front vertically stacked view of the upper gum guarS 59 and the lower gam 
guard 60, according to some embodiments; 

[086] FIG 13b is a -front view of the u pper j aw, according to some embodiments; 

[087] HG 13c is a. front view of an example'of a mouthpiece device .1 inserted between the 
tipper' 24 and lower 25 jaws respectively; according to some embodiments; and 

[088] FIG 14 is a flow chart: describing an example of a process of implementing'a tooth 
whitening treatment nsmg a mouthpiece and associated eonipoiieats as described herein, 
according to some embodiments. 

[089] It will be appreciated that for simplicity and clarity of illustration, elements shown, in the 
drawings have not necessarily been drawn to scale, For example, the dimensions of some ofthe 
elements may be exaggerated relative to other elements for clarity, Furthermore, certain 
quantities of elements have been depicted, in accordance with, specific embodiments, however 
other, embodiments may be provided with fewer or more elements, snob as botes, pins, heating 
elements, tebes etc. Further, where considered appropriate, reference numerals .may'be repeated 
among the drawings to indicate corresponding or" analogous elements throughout the serial 
views, 

DETAILED DESCRIPTION Of HIE INVENTION 
i'0sX>] The following description, is presented to enable one of ordinary skill in the art to mafce 

and nse the invention as provided in the context of a particular application and its requirements. 
Various modifications to the described embodiments will be apparent to those with skill in the 
art, and the general principles defined herein may be applied to other embodiments. Therefore, 
the present invention is not intended to be limited to the particular embodiments shown and 
described, hnt is to be. accorded the widest scope consistent with the principles and novel, 

features herein disclosed. In other instances, well-known methods, procedures, and components 
have not been described in. detail so as not to obscure the present,invention. 

[091] Preferred denial treatments employ one or more chemicals, such as peroxides that whiten 

the teeth by one or mere, chemical reactions. Embodiments of the present invention enable 
increasing the efficiency and effectiveness of the dental treatments, by using a vacuum, to create 
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a sealed treatmentcavity «r aoae where 'treatment materials .may be optimally applied, and me 
also he prevented from escaping outside of the sealed treatment cavity, Mem-limiting 
embodiments of the invention include a dental treatment device, method and system, such as far 
teeth whitening, 

[092] Embodiments of the present Invention ineofparates' features which take Into 
consideration one or any combination of the advantages sad disadvantages listed above for the 

Wo described treatment methods (such as power in office and home eystom tray whitening) and 
materials currently i'a use in the dental field. Embodiments of the present invention include a 
dental treatment mouthpiece that may include a single or double dental arch. The mouthpiece 
may he used for providing: a whitening treatment The rnouthpieee may include one or more 
dental cover layers for covering the upper teeth, and/or the lower teeth. A dental cover layer 

preferably is an arch, such as a dental arch, configured for fitting over either the bottom .teeth or 
the upper teeth. For example, the mouthpiece may include an upper denial cover layer and a 
lower dental cover layer (e.g., the 'mouthpiece may include a double dental arch). The dental, 
cover layer may have a dental arch well that covers the teeth. A particularly preferred 
mouthpiece Includes two dental, cover layers, each having a dental arch wells, where the two 
dental cover layers are co-joined to create a single device. It will he appreciated, according to 
the teachings herein, tw;o co-joined dental cover layers may be joined via one or more additional 
layers, such as one or more treatment supply layers. 

[093] The mouthpiece, according to' Some embodiments of the present invention, allows for the 
use of generic or stock mouthpieces in patients, such that the variable widths and lengths of the 
patients' full dental arches can be handled, without the need to fabricate a. custom made 

mouthpiece for each patient. When using sneh stock .mouthpieces, embodiments of the present 
invention enable the maintenance of a continuous seal of the mouthpiece to the given dental arch, 
onto which it is placed. The distal plugs are highly delormable so that when, the: patient is 
instructed to bite down into the mouthpiece, the plugs will readily deform around the coronal 

segments of the terminal teeth. This intimate lit of the improved mouthpiece of the present 
invention to any- given dental arch is independent of the length, and width of the dental arch to 

which, it is to be fitted and Independent of the position of the. right or left terminal teeth of any 

given dental arch to their.respective retro-molar pads, 

[094] The device, .the dental treatment -mouthpiece (e.g., the whitening mouthpiece), or both, 
may be reusable or disposable after a single use. The mouthpiece may be constructed in various 

generic or stock sizes (e.g., small medium., large, -extra-large) or may fee enstomized, for both 
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the upper arid lower teeth. The rndsthpieee may include one or more heating elements for 

heating a denial treatment fluid (e.g,, a dental treatment fluid suitable for chemically whitening 
teeth), for heating a zone of the destal cover layer, or both. Far example, the dental treatment 
mouthpiece may have a plurality of zones each heated by a different heat element. Each zone 

may be heated to the same temperature so that teeth, receive the same dental treatment. In 
various aspects of the invention, two or more zones are heated to different predetermined 

iemperaiisres so: that teeth receive.: different treatments. The use of different predetermined 
temperatures may beneficially result in teeth having a more uniforai color (e.g;, between 
different teeth or between different regions of the same tooth); 

[995] The device may fee employed In a system, ineindmg one- or more control raits,. such as a 

control unit Including a microprocessor. The: control unit may be an external, control unit. Hie 
control the control unit may control 'the temperature of one or more beating elements :(e,g,, so 
that multiple xones have a predetermined temperature that may be -the same or different). The 

control unit may control -a mouthpiece having a double dental arch each having a dental arch 
well SO'thai the simultaneous whitening of both the-upper and lower teeth are controlled. 

[096] An arch of the dental mouthpiece (e.g„ each arch of a co-joined double arch 
mouthpiece} preferably has a dental cover layer with an arch-shaped well or other- design 
suitable lor .forming a treatment cavity that may contain one or more' dental treatment fluids. For 
example, the arch-shaped well may contain a dental Quid that includes a predetermined 

concentration of an. active ingredient. The active ingredient may be any chemical that Is suitable 
for whitening teeth in situ, A particularly preferred active ingredient includes one or more 
peroxides. The two dental cover layers of a double arched mouthpiece may have wells that 

contain the same concentration of active ingredient or different concentration, A single well may 
have multiple zones or regions with different concentrations' of an active ingredient. It will he 
appreciated that the mouthpiece according to the teachings herein may be employed for 
providing large differences in concentrations of a whitening agent. The difference in 
concentration in the active ingredient (e,g., the whitening agent, which may be a peroxide, such, 
as hydrogen peroxide) between two dental cover layers and/or between two zones or regions 

may be about 0% or more, about 5% or more, about 15% or more, or about 25% or more. It will 

he appreciated that even larger variations in concentrations may be employed according to the 

teachings herein. For example, the difference in the concentration of the active ingredient may 
be about 33% or more. The active ingredient may he activated or have a reactivity that is 
otherwise accelerated or potentiated (e,g,„ catalysed or otherwise) by beat. The treatment fluid 

(e,g,s the treatment fluid including an active ingredient may be delivered via a pumping system 

15 



WO 2013/039906 PCT/US2012/054652 

(e.g., aii automatic pumping system), via a vacuum, or both, into the well sections of the 
mouthpiece, Preferably, while its the well, the treatment fluid substantially eovsrs the natural 
crown portions of the teeth (e.g., the teeth subject to a treatment),.Alternatively,. while in the 
well:, the treatment fluid substantially covers that portion of the gum tissue -surrounding the 
crown -portions of the teeth (e.g. ; the gnrns-subject to a treatment), 

[097] The sealed compartment (i.e., sealed treatment cavity) around fee teeth formed by the 

well «f the dental cover layer .may be employee! for delivering one or more treatment materials 
•to -the crown portions of a plurality of teeth. For example, a sequence of two or more different 

treatment fluids may be passed 'through the sealed compartment. Without limitation, the 
treatment-fluids' may include one or more preparation flnids, one or more acti ve treatment fluids 

(e.g,, one or more whitening treatment fluids), one or" more neutralization fluids, one or more 
rinsing 'fluids, or any combination thereof. Preferably the treatment fluids include one or more 
whitening treatment fluids, and one or more rinsing fluids. The whitening treatment fluid may 
include any art known active and/of any nqn-aetlve ingredients for whitening teeth. Without 
limitation, the whitening treatment fluid may include one or any combination of the features of 
the fluid compositions described, in IIS. Patent Has. 7,189,383 (see e.g., column !, line 2 
through column 18 line 40);. 6,770,266 (see e.g, column 2, line 9 through eolnmn 6, line 35), 
6.746,679 (see e.g., column 1, line 13 through column 1.1, line IS); 5,668,934 (see e,g„ column 

L line 33••through eolnmn 16, line 10); 7,601,002 (see e.g,., column 1, line 11 through column 
16, line 8); US .Patent Application. Publication N-os. 2008/0063612 (see e.g., paragraphs 1-1 
through 165); 2005/0214720 (see e.g., paragraphs 10 through 102}; and-'2004/0185033 (see e,g„ 

paragraphs 3 through UP): each incorporated herein by reference. Any of the treatment fluids 
may be -a liquid that flows under gravitational forces, or a gel that does not flow under 
gravitation forces. Hie treatment fluid preferably can be pumped and/or Hows under a. vacuum. 
Preferably any treatment fluid that may be damaging to soft tissue of the oral cavity (e.g., gums 
or other soft tissues) is in the form of a sufficiently high viscosity fluid or gel so that the fluid 
does not flow out;: of the sealed, compartment surrounding the teeth being treated. For example, 

such treatment fluid may have -a viscosity of about 0,1 Pa-s or more, about 1,0 Prs or more, 
about 10.0 Pa-s or more, about 100 Pa-s or more, or about 1.000 Pa-s or more, 

[098] One or more of the treatment fluids may be heated: for decreasing the viscosity, for 

increasing the reactivity or both. For example, increasing the temperature of the treatment.:fluid, 
such as a whitening agent (hereinafter referred, to as gel, although high viscosity fluids may be 

employed according to the teachings herein) may increases the rate of peroxide decomposition 

to create oxygen free radicals ffprn the-gel and so may increase the resultant whitening effect in 
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the enamel ''surfaces of the teeth. Of" course, other treatment materials ins? be used* Including 
water, salt, gassed chemical and/or biological, medicament solutions, or other materials, 
compounds etc. Each, well .(e.g., arch-shaped well) ofthe dental covering layer may contain one 
or more inlet holes (e.g., one or snore Inlet holes on each of the light and left sides of the arch) 

for the delivery of treatment materials into each well, as well as outlet (i.e., drainage) holes; (e.g„ 
either anteriorly or posteriorly) for the removal, of treatment materials from each dental arch 

well. The device may include multiple heat emitting elements arranged and cimtrollad in such a 
way that the control, unit (e.g. the microprocessor control unit) independently controls the 
temperature of each heat emitting element so as to create separately controlled whitening 
"zones" and/or a predetermined pattern of enstorn whitening, The temperature control preferably 

is selected based: m one or mom characteristics Of the patient (e.g„ the initial color and/or the 
initial color variation 

£099] The components, devices, systems aisd methods according to the teachings 'herein'H&ay 
advantageously he. employed in accelerated dental, treatments, such as an accelerated whitening 
treatment By employing a treatment fluids (e.g., a whitening fluid: such as a whitening gel) 
having a Mgh temperature, having a high concentration; of active ingredient (such as a peroxide), 

or both, the rate of whitening may he increased so that the treatment is accelerated, It will he 
appreciated thai the whitening treatment, may he achieved without the need for photodynanile 

therapy. An accelerated denial treatment may be accomplished by heating the dental treatment 
fluid, Although roots temperature treatment, may be employed, some or all of the treatment fluid 
preferably , is heated to a. temperature of about 27 "C or more, more preferably about 30 'JC or 
more, even more preferably about 34 "C m more, even more preferably about 38 °€ or more, 

even more preferably about 42 *€ or more and most preferably about 46 "C or mom. Of course, 
higher or lower temperamres ma.y be: «sed as may be necessary. The treatment fluid in the 
treatment xottes (i.e., in the sealed, cavity formed by the dental cover layer) may "have a generally 
uniform temperature or may have varying temperatures. A temperature; differential may 

advantageously be employed between two zones so that the two zones have different treatment 
rates. For example, two zones within a sealed cavity may have a sufficiently different 

.temperature so that the ratio of the whitening rate in the first xone to the whitening rate in. the 

second zone is about :ti. or more.; preferably about. 13 or more, more preferably about 2 or 
more, aud most preferably about 4 or more:. Of course, different whitening rates may be used as 
may he necessary, it will be appreciated that similar increases in treatment rates may be 

achieved using higher concentration of active ingredient in the treatment fluid in, one or more of 
(e.g., all of) the treatment zones. 
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[OJWj The devices and systems aceordmg to' the teachings herein may be used in a. process that 
iaShsdes a step of .nieasimag' a natural. pre-treatment (i.e., baseline) color characteristics of the 
different teeth of a patient, A treatment for the patient may be determined based on the color of 
the teeth, based on the color variation of the teeth, or both. According to she teachings herein, the 

devices, systems and methods of the present i»ve»ttt?n may advantageously be employed in 
patients having variability in natural pre-tteatoent Cbaseime) color shade .value of the differem 

teeth Ibr reducing this variation. In various aspects of the present tHveotien*. the ability to 
achieve a more uniform final whitening (i.e., residting color) is achieved by controlling the 

temperature and henee the oxidative activity of a whitening gel m. a. plurality of zones areas of 
the mouthpiece device (such as various xones of the dental cover layer. The control of the 
various stones .may effect a varying change, in color (e.g,; intensity of whitening} of different 
teeth, different surfaces of the teeth, or both, The heating elements may be positioned in vafions 

locations of the raoitthpk.ee to allow for the separate and differential heating of the different 
.surfaces of the teeth) located in each zone. For example, the positioning of one or more heating 
elements may he selected based on the .measured color and/or color variation,. One or more of 
these features may be employed to achieve a mote uniform final esthetic whitening ''result 

[01.01] The use of a controller capable of separately controlling multiple treatment zones of the 
mouthpiece (e.g., whitening: "tones'"} or otherwise effecting patterns of whitening within eaeh of 
the dental cover layers of the mouthpiece may allow a dentist; to customize the whltenisg 
process based on the patient's .individual needs. The controller may allow a dentist to provide the 
customized treatment in an aMoniated Manner 

[0102] The dental cover layer(s) preferably has a circumferential rim formed of a sufficiently 

soft material and arranged so that the rim will compress and deforms to fit. snugly against the 
sides ofthe alveolar gam ridges of the upper asd lower jaws- The rims may thus create a sealed 

cavity (e.g., formed from the well of the dental cover layer) with the erown of the teeth 
contained within the cavity. 

[01.03] The improved mouthpiece of the present invention may incorporate one or more air 
breathing vents. Preferably, the breathing vents ate designed to penetrate through a treatment 

supply layer of the mouthpiece without compromising the; ability of this tesaftnest supply layer 
to flow one or more treatment materials into the wells (e.g., arch-shaped wells) ofthe denial 

cover layers, without compromising the: ability of this treatment supply layer to drain one or 

more treatment fluids from the dental cover layer, or both. For example, the breathing vents may 
be integrated Into a treatment supply layer in a manner that allows for flow of one or more 
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treatment fluids into and -oat ofthe mouthpiece. 

[0104] The sealing rims, preferably made of a: soft deforniable material, may have a unique 

structural shape, such as a shape that forms a highly deformable apron, or circular hook design 
thai acts to seal the mouthpiece device (e.g., the dental cover layer} of the .present invention to 
the alveolar gum ridges,- The sealing preferably may he partially or entirely accomplished by a 
patient biting down onto the mouthpiece. The sealing rims may effectively seal the well of the 
dental cover layer so. that the treatment materials (i,e., the treatment Studs) delivered to the 
mouthpiece are prevented from leaking. Into the oral cavity. The sealing may be partially or 
entirely accomplished by the application, of a vacuum. For example, when a vacuum is applied, 
the sealing rims may he socked, up against the side walls of the gum ridges. A treatment fluid 
that, is pumped into a sealed well of a dental cover layer preferably contacts the respective teeth 

on the front surface, the top .surface-, the kick surface, or any combination thereof. More 
preferably, the treatment fluid contacts the teeth o» the front and back surfaces. Even more 
preferably, the treatment fluid contacts the teeth on all of the exposed surfaces, The sealing 
effect of the highly defoiroabie apron and/or seating run may he accomplished or enhanced by 
the ability of tile treatment system to remove (e,g,, suck oiri) the air within the mouthpiece 
utilizing an external pump, in order to achieve a vacuum seal of the mouthpiece to the upper 
and/or lower alveolar gum ridges of the upper and/or lower jaws, 

[0.105] Due to the fact that there is great variation in the length of the dental arches between 
individuals, It may be difficult or even impossible to effectively use a generic stock dental arch 
to seal the rear-most region of the well of the dental cover layer. For esainple, it may be difficult 
or impossible to effectively seal the;areas corresponding to the terminal right and/or left tooth in 
any given dental arch. Without a sufficient seal in these areas, the: treatment fluid may 
undesirably leak out of one or more sides (i.e„ the right side, the left side or both) of one or both 

of the upper or lower arch well through these large unsealed openings. Such, an unsealed 
openings (i.e., unsealed .regions) may also; prevent the creating and/or maintaining of a vacuum 
seal of the dental wells without providing for some means to seal off these open areas. Forming 
a vacuum, seal between a dental cover layer and a retro-molar pad may face hurdles such as 

having to select or prepare a dental cover layer of sufficient length and. possible contact of the 
soft tissue of the retro-molar pad with, a treatment fluid. To overcome these obstacles, the 

vacuum seal in the rear of the dental cover layer preferably is made with: a molar on each side of 
the dental arch. Although, this may limit the ability to .provide a dental treatment to one or more 
molars, the aforementioned benefits generally outweigh this concern. Nevertheless, the need to 
form a sufficient seal (e,g., for maintaining a vacuum) may present particular challenges when 
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sealing over a molar, Surprismgly a strflieient seal has been achieved using a unique distal plug 
insert To prevent such leakage of the; treatment material and to allow for the ability to create and 

maintain a continuous or selectively sustained vae^uto in the mouthpiece, vapous teachings of 
the present invention may incorporate one or more distal, plug inserts (i,e,? distal sealing pfcgs). 
The term, "selectively sustained vacuum" may refer to the ability of a. user or practitioner to 
determine how long to maintain, the vacmmi, initiate aad release vacuums multiple times in. a 

treatment etc. Preferably distal plug inserts are employed, with both ends of each dental cover 
layer. Hie distal, plug inserts may fee; designed a»d or positioned to uniquely attach tat© the rear 
left, and. right ends of the well of the dental, ewer layer Preferably, the distal ping inserts 
effectively seal these openings. For example, the distal ping inserts may seal the .openings when 
the patient bites down onto the mouthpiece, 

[0106] The distal, ping inserts are preferably made of a material that is sufficiently deformable so 
that; an insert intimately contours the variable tooth anatomy of one or more of she mar teeth, 
such, as the right and left terminal teeth (e,g,, despite the -variability between different individuals: 
with respect to the length of their dental arch). The distal plug insert may be made of a: 
polymeric material. Preferred polymeric materials for the distal plug insert are elastomerle so 
that after being .deformed the distal plug insert will generally return to its original shape. The 
distal, plug insert may be made of an elastomeric material. The elasiomesic material have a 

erystalliuity of about 0%, however elastomerle materials, having a higher crystaliiuity may be 
employed (e.g., about 0,5 % or more). ,felerred elastorneric materials have a erystalilnity of 
about 15# or less, about 3 0% or less, or about 5® or less. The distal ping insert, may be made of 

a foamed material, Preferred. foamed materials have a close cell foam structure. Typically, 
elastorneric materials have a glass transition temperature of about 10 *€ or less, about -10: i:C or 
less,, or about -40 °C or less. The elastorneric material preferably has a sufficiently low 

durometer so that the distal plitg insert can be deformed to conform to a surface of a molar, The-

elastomeric material preferably has a Shore A. durometer of about 60 or less, more preferably 
about 50 or less, even more preferably about 40 or less, and most preferably about 30 or less. 
The elastomerle material of the distal plug insert may have a sufficiently high durometer so that 
the msert. does not tear during storage and use. For example, the Shore A hardness: may be about. 

2 or more, about 5 or more, qr about S or more. The elastorneric material preferably is 

sufficiently cured so that material does not How, Tire elastorneric material maybe formed, of any 

•polymer, sueh as a polymer including earfeoft backbone or a polymer Including a silicon, 
backbone. By way of example, the elastorneric material of the distal plug insert may include a 
silicone rubber, such as at) RTV silicone rubber capable of vulcanizing at room temperature, or 
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m HTV silicone rubber capable of vulcanizing at one or more elevated temperatures. The 
eiasiometie material may prevent the need to remove residual material after providing a dental 

treatment, such as required when using wax or other movable materials. As suchuthe distal plug 
insert .may function, without the seed for a moldable Material. The elastomeric material :ra.ay he a 

generally solid materia! {i.e., having a void content of about 10 volume % or less, about 5 
volume % or less, or about 1 volume % or less). Such material may be essentially free of, or 

entirely free of voids. Suitable elastomeric materials may be a cellular, material* such as a 
material having m open cell foam structure, a closed cellfoamistructure, or both. 

[0107] He distal plug insert preferably has a sufficient width so feat it capable of forming a seal 
along the top surface of a molar going from the back of the tooth to fee from of the tooth. The 

distal plug insert preferably has a sufficient length so feat it will generally seal at least one molar: 
iti an individual, regardless of the length of the Individuals dental arch length. A long: distal plug 
insert may also enable forming a seal in individuals; who have undergone a molar extraction. The 
length of the distal plug insert preferably .is about 2 mm or more, more preferably about. 4 mm, or 
mote, even more preferably about 6 mm or more, even: more: pmferaMy about & mm or more, 
and most preferably about 10 mm or more. It will be appreciated that the distal plug insert may 
be Interchangeable so that a distal plug insert of sufficient length and/or width, may be selected 
for providing optimal sealing based on one or more features of the patients' dental, arch (such as 
its length). 

[0108] Each dental arch mouthpiece device includes one or more treatment supply layers. The 

treatment supply layer may provide one or more treatment .fluids to a dental cover layer, may 
provide heat to a dental cover layer, or both. If the mouthpiece includes two dental cover layers, 

eaeh dental cover layer may be have a separate treatment supply layer; or a single treatment, 
supply layer may be employed, for both, dental cover layers, for example, a: single treatment 

supply layer may fee positioned between two dental cover layers. The teattnenf supply layer 
may contain built-in flow channels or tubes capable of flowing one or more treatment fluids. The 
flow channel or tubes of treatment supply layer preferably course throughout this layer of the 
mouthpiece, The treatment supply layer preferably has one. or more (e.g., two or more) inlet 

holes for delivering a fluid to a well (e,g,vseaied cavity) of a dental cover layer. The treatment 

supply layer preferably has one or more (e.gv, two or more) outlet holes for removing a fluid 

from, a well (e:g>, sealed cavity) of a dental, cover layer It will be appreciated thatflow directions 
may be changed so that an outlet hole can function as an inlet hole, so that m inlet hole can 
function ax an outlet hole or both. A treatment supply layer that services, upper and lower dental 
cover layers may have (1) one or more holes (e.g., inlet, and outlet holes) in the floor of the 
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treatment supply layer' for providing a fluidcommunication wli the cavity or well of the dental 
cover layer ofthe lower teeth; and (2) one or more holes (e.g., inlet and outlet holes) ia the 
ceiling of the treatment supply layer for providing a fluid communication whh the dental cover 
layer over the upper teeth. The flow channels or tubes preferably transport and substantially 

evenly distributes one or mare treatment fluids to the dental cover layer. The treatment fluid nay 
foe any art brown treatment fluids, such as .described' herein. For example, the treatment fluid 

may metode a whitening •material (s»eh as a gel materia!}, wafer, air, medicinal materials., 

therapeutic materials, cleansing -materials, rinsing materials, or any combination thereof. The 
treatment supply layer may deliver one or any combination ofthe treatment fluids into the wells 
(e.g., the dental arch wells) of the dental cover layer. As such, the treatment supply layer may 
effectively bathe one or more (e.g., all of the sarfcees of the teeth hi the well ami covered by 
dental cover layer(s) with the whitening gel or other treatment materials. Preferably the channels 
or tubes are capable of deli vering and/or removing a. plurality of treatment fluids, such as water 
or air, 

[01(193 The components, devices, systems, Slid process according to the teachings herein may be 
employed in a dental treatment for providing a treatment to one or more teeth,, for providing a 
treatment, to the gums, or bath. These components,, devices, systems, and. processes may find 
application in teeth whiteniifig; antibiotic treatment:, antimicrobial treatment:, fluoride treatment, 
or any combination thereof. It will be appreciated that other applications hi the field of dentistry 
may find use of the features according to the teachings herein. The dental treatment, may be a 
generally short treatment, such as tor about 10 minutes' or less, or may be a generally long 
treatment, such as fbr greater than 10 .minutes, preferably about 2(1 minutes or more, more 

preferably about 30 minutes or more. It, will be appreciated that the duration of the dental 
treatment will topically be about 3 hours or less, more preferably about 2 hours or less, arsd mos t 

preferably about 1 hours or less. Dental treatments of duration greater than 3 hours are also 
anticipated (e.g., from about. 3 hours to about 8 hours,: such as during the night sleep hours:). A 

vacuum may be applied to the dental cover layer for a substantial portion (e.g., at least 50% of 
the disratioii, at least 70® of the duration, at least 80% of the duration, or at least 90% of the 

duration) of the treatment time. The: dental cover component, surprisingly is capable of 

maintaining a vacuum far such long durations even when the dental cover component: is a stock 
generic cover (Le„ not a custom, made covert 

[0110] As mentioned above, according to some embodiments, a dental treatment system 
may include a pumping component for pumping one or more treatment fluids. For example, the 

pumping component may be in. fluid commtmieatioa with a mouthpiece according to the 
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teaching^' herein. ..Preferably the pumping competent is in fluid commttmcatSon with the 
treatment supply layer of the mouthpiece. The system may Include a control unit for controlling 

the pumping component A pumping component may be incorporating into the housing of an 
external control 'unit or may be a separate element. The pumping competent may incorporate a 

heating chamber for pre-heating 'the treatment fluid to one or more predetermined temperatures. 
For example a control unit including a microprocessor may monitor and/or control the 

temperatore of a treatment fluid. The control of the temperature preferably employs a feedback 
loop. Using the .'temperature' control, the temperature of a treatment fluid being delivered to the 
mouthpiece may be controlled. A heating chamber may • advantageously enables a practitioner to 
utilise a whitening fluid (e.g., a. whitening gel) immediately from storage, and thus eliminate the 
•need for a step of defrosting the whitening fluid, a step of warming the whitening fluid, a step of 
preparing the whitening fluid for usage in a dental treatment, or any ••combination thereof. As 
sueh, the dental treatment processes .according to the teachings herein may be free of 
combination or all ofthe aforementioned step. 

[0111] The treatment delivery system may include one or more control, valves, and preferably 
one or more niulibpositlon flow control valves. The multi-position flow control valve preferably 
is in fluid cormmmication with the pumping component, For example, the control valve may be 
incorporated into the pumping unit However; a control valve may be positioned outside of the 
pumping unit,. The control, valve may he manually operated or may be operated automatically 
For example the control valve may he motor-driven, rnay be controlled by a: controller, or both. 
The multi-position valve may rotate to different positions, wherein each position of the valve 
allows for dsfferetst flow routes of treatment materials through the flexible, tubing of the system. 
The valve may he rotated by being engaged by a drive shaft of a: motor that, is controlled by the 
microprocessor unit, or by other means. For example, the microprocessor may controls the 

rotational position of the valve and thfts allow, depending on the valve's position, different flow 
patterns. Examples of flow patterns that amy be achieved using a control valve include: 1, 

providing a fluid connection between a vacuum line and a the mouthpiece: for the removal of the 
air from the mouthpiece, for creating a vacuum seal of the mouthpiece to the gum. ridges, or 

both; 2, providing a fluid connection between a treatment fluid and the mouthpiece for 

delivering the treatment fluid to a sealed cavity (e.g., a .sealed cavity formed by a denial cover 
layer); 3 removing a treatment fluid; from the mouthpiece; 4. Creating a "closed circuit* flow of 

a treatment fluid within the mouthpiece (e.g., where the :ffow is a dynamic turbulent or a 
convection type tew); 3, providing a fluid connection, between a rinsing fluid (sueh as water, or 

a water solution) and the mouthpiece for the delivery of the rinsing fluid and. removal of the 
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rinsing: f1aid from the mouthpiece. (e,g.< in. asrder to riiise or flush a treatment fluid from the teeth 
surfaces and die inside -surfaces of the mouthpiece); and providing a fluid, aonnectiqs between a 

nennalMng '.fluid and the mouthpiece for the delivery of a neutralizing fluid to the mouthpiece 
for neutralizing a treatment fluiil One or any combination of ihe aforementioned steps may be 
controlled by a single control valve, or by aplurallty of control valves. 

[Of .12] The closed circuit flow mode may allow for the treatment ..fluid to c-tatlafce in the 

mouthpiece device of the present invention, Hits flow can be continuous or sporadic (e.g., 
pulsed or intermittent), For example, when whitening fluid is flowing in a turbulent manner 
within fee sealed cavity formed by the dental cover layer, so that the amount of chemically 
active treatment fluid that contacts the. enamel surfaces of the teeth is greatly increased 
compared with the case where the treatment fluid is delivered into the raotuhpieee and remained 
statically in place dining the whitening treatment. This convection type flow of" the treatment 
fluid around all the enamel surfaces of the teeth increases the whitening potential of a fixed 
volume of treatment fluid that is delivered to the mouthpiece. This is exactly analogous to the 
higher heat fl&s when, heating foods in a convection oven. For example, by flowing treatment 
fluid contained in the mouthpiece device around the teeth in a torbident manner (just as hot air 

flows in » convection oven), the system increases significantly the volume of chemically active 
whitening fluid, delivered to the mouthpiece, that can come in contact with all the enamel 
surfaces of the teeth. Increased volume., of chemically active whitening fluid in contact with all 
enamel surfaces of the teeth results in significantly increased whitening effect of the fluid into 
all these enamel: surfaces of the teeth. 

[0113] In another embodiment sporadically flowing a treatment fluid, such as whitening fluid 
(e.g., gel), in the: mouthpiece device allows for the fluid to remain stationary in one particular 
area or zone of the tray for a set period of time daring the treatment between active Quid flow 

'time periods, Itwi.il be appreciated according to the teachings:herein that all or selected portions 
ofthe treatment fluid, s«eh as the static whitening fluid in an area or zone, may then be heated 
by the individual heating elemetitfs) to a specific temperature in that zone or area of the. tray 
during this static fluid time period. This may advantageously allow for differentia! whitening 

activity in eaeh zone or -area for each of these static time periods and so allows for differential or 

"custom" whitening of the teeth located in each xone or area- of the mouthpiece device, 

[01141 As mentioned above, the flow of the treatment-fluid, may employ a pump component:, 
such as pump component controlled by a microprocessor in a sporadic or pulsing manner for a 

given interval of time, this may allow for alternate static or convection flow of the treatment 
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materials (around the teeth) for set'.periods of time in the mouthpiece device. 

[0115] The systems and methods may employ ops- or more pressure sensors. for measuring a 
pressure in a tube, for measuring a pressure In a sealed cavity, for measuring a pressure in a. 
layer of the mouthpiece (e.g., the treatment supply layer, and/or the denia] cover layer), or any 
combination thereof. The'pressure sensotC's) may beincorporated into the control .unit, Pressure 
seasor(s} may monitor, for example, the degree of vacuum, in the mouthpiece, one or more flow 

rates, the total, amount of treatment .materials delivered into, or alternately, removed from the 
mouthpiece device by the pump, or any combination thereof, A sensor may also monitor the 
flow rate of a. treatment fluid during a "closed-circuit" treatment cycle, 

10116] By maintaiulng a vacuum seal of the dental cover layer of the dental mouthpiece: to the 
alveolar ridges, the peroxidase enzyme •naturally found i» saliva are std>siautially or even, 
entirely pre vented from seeping into or otherwise penetrating the seated cavity, This novel 
vacuum sealing- feature of the .present invention may effectively protect the chemically active 
treatment fluids,, such as whitening gel fmm' being chemically deactivated: by the salivary 
enzyme peroxidase. As the treatment fluid's chemical, oxidative: potential is never substantially 
compromised by the saliya, the whitening result of the present invention Is enhanced. 

[0! 17} It will further be appreciated that, a pumping component may allow for continuous flow-

of a treatment fluid into and out of the mouthpiece throughout ihe treatment As sueh, fresh fluid 

having fall chemically activity may be delivered and applied to some or all of the enamel 
surfaces of the teeth contained within the dental cover layer throughout the treatment. When 
employed in a whitening treatment, this may significantly increases the whitening result that can 
be obtained in a. set period of time of the- present invention compared to a static one-time 

delivery of treatment .materials as is the case in known tooth whitening procedures, 

[0118] According to some embodiments, flexible tubes may be connected to the pumping 

component from the fresh and spent treatment fluid containers and a separate set of flexible 
tubes connected to the pumping component which in turn also connect to separate inflow and 
outflow tubes integrated into the front of the mouthpiece. These-inflow and outflow tubes may 

be further integrated into an Integral, handle design of the mouthpiece device. Such a pump thai 

may contact fluid, having been in the sealed cavity may be a disposable pump so- that aseptic 
conditions are maintained. Hie pump may incorporate a locking and unlocking attachment 
feature to allow for the quick attaching and detaching of the optionally disposable pump to 

engage a motor or motors incorporated within the control unit; Alternatively,.-a pump that pushes 
the treatment .fluid, such as a peristaltic type purnp component may be used. Since this pushes 
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treatment fluids thai-are contained within the tubing, it can be reusable as It does not come in 
contact with'ihe active treatment-.materials, 

[0119] The set tabes from the pump assembly to {he..mouthpiece device may be clipped vis a 
coping device or small harness to the patient's clothing, patient den tal apron, or some element 
of a den tal chair or o ther fixing poin t so that they any drag they create on the mouthpiece is 
reduced. or eliminated., so that the tubes ate neatly organized, or both. The tubes and a power 

cable may be further attached to a quick-attach connector which snaps into the integrated handle 
of the mouthpiece device of the present Invention. 

[0.1,20] Another aspect of the invention is directed at a separate, disposable gum protector 
component. The ga.m protector component may be used with a dental treatment fluid. The gam 
protector component may be employed in a process of treating teeth with one or more fluids for 
whitening teeth. The gum protector component may provide a sufficient harrier for the gums so 
that highly active treatment fluids may be employed. The gum protector component may be 
designed for insertion onto the alveolar -gum ridge(s) of the tipper jaw, the lower jaw, at both. 
The gum protector component prefaably is inserted into the oral ca vity prior to the Insertion of 
the -felottthjpteee- into the oral, cavity For example,, the gum protectors/guards may act to isolate 
both the maxillary and mandibular gum tissues from even highly concentrated hydrogen 
peroxide whitening gels that will be delivered into ihe weU(s) of the mouthpiece device, or other 

potentially harmful treatment, materials. The gam. protector component may sufficiently the 
gums so peroxide having a concentration of about 15% or more, about 25% or more, about 35% 
or more, or about 45% or more. 

[0121] The gum. protector component may be provided as a kit including a plurality of different, 

size g«m protector components, The gum. protector component may be sufficiently pliable so 
that only a few different sized stock generic gum protector components are required to heat the 
-majority of patients. For example, the kit may include gum protector components- having about 2 

or mare different stock 'generic sizes, preferably about 3 or more different sixes, and more 
preferably about 4 or more different sizes. The number of different stock generic skes preferably 
is about 10 or less. 

[0122] The separate and disposable gum protector (Le., gum protector component,- or .gnm guard 
component) in one of its em bodiments may be comprised of two distinct layers which can. be 
securely adhered to each other. As -an example, the gnm protector's main body may be made of a 

stretchable polymeric material. Preferred polymeric materials have an elongation at break of 

about 100% or more, more preferably about 200% or more, and most preferably about 300% or 
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mate. Preferred polymeric? materials have a sufficiently low tension set so that the material 
•secoveirs its initial shape after being stretched.. For example, the tension set (measured at room 

temperature, 10 minutes after stretching the material by 200%) may be about 10% or less, 
preferably about 7% or less, more preferably about 5% or less, and most preferably about 3% or 

less. The polymeric material may have a carbon containing backbone or a silicon: containing 
backbone. The polymeric material may be an elastomer, Examples of elastomers that may be 

employed include silicone elastomers, natural rubber/latex materials, poly-isoprene, siyrene 
butadiene rubber; SEBS rubbers, or any combination thereof. The gum protector component 

may have a ohemieal coating or layer that has been applied and fixed to one or more of its 
surfaces. For example, a layer may be applied to the inner (proximal) surfaces: of the gum 
protector component so that the- layer is in contact: with the-gum tissues. 

[0123] The silicone and or rubber body ofthe gum protector/guard may be shaped to mirror the 
horse-shoe shape and ridge form of the alveolar gum ridges of the upper and lower jaws so as-to 
adapt qui te closely to these oral structures; 

[0124] The body of the gum protector/guard component may he farther modified to allow for 
multiple cut-outs of varying diameters and varying spacing: between them (fully cut out or 
perforated for selective removal) along the section of said guard which mirrors the location of 
tlte center ridge lines of the alveolar ridges and the teeth of the upper and lower jaws. These cut­
outs may mirror or conform in their shape to .the scalloped form/shape of the gum-line (inter­
dental papilla) of the teeth to be treated. 

[0,125.1 The imier coating of the .gum protector/guard component as noted above may contain 
various chemical .compounds sueh. as a sugar-based gel or spray-oft self-adhering coating whose 
purpose is: to provide a chemical neutralization of the active treatment materials, for example 
peroxide based whitening gel, and so act as a chemical barrier to further protect the gum. tissues 
from, the treatment Materials, As mentioned above,, the gum proteetor/guard may provide an 
effective barrier to protect the gums tissues from, even very high concentrations of treatment 
materials., such as, for example, hydrogen, peroxide whitening gels of 35%; or even higher; 

[0126] The: optionally disposable gnm protector/guard component described above may provide 
a flexible yet snugly fitting barrier to the gums arid alveolar gum ridges, that can be placed over 
the teeth and gums to be treated, When positioned in a dental arch in -the mouth, the crowns of 

the teeth may protrnde out of the gum .protector component while covering the gums. This fitted 
.barrier (the disposable gom protector/guard component) is further shaped so as to also allow for 
a good, fit and seal ofthe single or double dental arch mouthpiece device's defonnabie well rims 
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to ihe both the upper and lower gum protector/guards. This allows for a good seai of fee 
treatment fluid thai is delivered into the mouthpiece device and prevents leafeage of the 

treatment materials from" the mouthpiece device into the orai cavity (while the gum .-guard 
protects the gams). 

[0.127] When, the gum protector component is used with a dental. treatment layer, the seal of fee 

space around a row of teetli may be farther enhanced by the unique defonrtable flap apron 
design Sad rim of fee dental cover layer of the mouthpiece. This seal hi conjunction with, the 
unique distal sealmg plugs, may enhance the ability Of the pump to suck out the air from the 
mouthpiece and create an effective vacuum seai of the dental cover layer to the outer side wall 
surfaces of the previously placed gum protector components. It will be appreciated that an upper 
and a lower gum protector component may be employed for protecting each of the upper and 
lower jaw's gtitrss, 

[0128] This configuration and relation. Of these components to each other in the oral cavity 
effecti vely and safely isolates the various concentrations of whitening agents applied to the teeth 
from. the. soft tissues (gams, tongue, cheeks, palate, oral mucosa.) and so may protect these soft 
tissues from the caustic 'effects of even highly concentrated .formulations of these chemical 
agents during the improved whitening treatment of the present invention.. 

[0129] Embodiments of the disposable gum protector/guard component allow for adaptation by 
the dental practitioner of its shape to farther adapt the inner edges of the multiple cut-outs to the 
scalloped gum-line. Varying the cross-sectional thickness of the gum proteotor/goard allows for 
it to maintain its shape (feickcr areas) as well as allowing for thinner (tapered) edges to the cut­
outs and flossing area strips of the gum profectoc/girard. 

f0136] This varying thickness design of the gum protectpr^guard allows the operator to fold in 
(using a dental hand, tool) the thinner edges of the cut-outs into the natural gingival sulcus space 

(usually three millimeters deep in. healthy gum tissue) that,exists between the gums and the teeth 

as well as floss into the proximal spaces, of fee teeth the flossing area strips of the gum 
proteetot/gnard and so may provide an ever: more effective adaptation, of the gum 
protector/guard component to fee gum tissues and a better seal between them. 

.[01.31] As mentioned above, other embodiments of the disposable gum protector may also 
include an inner coating which is self-adhering coating when placed in contact the gum tissues* 
These coatings may include "various medicaments or chemical compounds for therapeutic 

delivery of these various medicaments or compounds to the gum tissues. Further embodiments 
of fee disposable gum protector/guard have wider dental and medical applications wherever 
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what is known in the festal field as a "dry field" is required or advantageous for a given 
medical/dental procedure. Said gam protector/guard can. fee utilized in many dental procedures 
as a replacement for what is commonly known in the dental field as rubber dam, 

[0132] Additionally, as the disposable gum proiecfot/guard component is not integral to the 
appliance. It may be provided In several stock sizes to match a given stock sfeecl mouthpiece 
device and so provide,, wi thout the need to customize the mouthpiece or gum protector guard for 

each patient, an effective Isolation of the gums and: other soft tissues of the "mouth, from even, 
highly concentrated formulations of treatment materials without the need to manually apply a 
hardening: foam material as; is in. common use in the current professionally administered power 
whitening procedures. 

[0133] As mentioned above, the disposable gum •protector/guard may be a component which is 
itself a stock, item fabricated in various stock sizes, or alternatively,: it may be fabricated as a 
custom made device for each patient using molding''and die techniques known in the field. 

[0134J The single or double dental arch mouthpiece device may also incorporate an outer 
thermal barrier layer. This layer may act to protect the patient against the heat generated by the 
activated multiple heating elements during the whitening treatment method of the present 
invention, 

[0135] In accordance with some embodiments, an optional tooth shade matching sensor unit 
may.be incorporated into the control unit, which may be used to record pre ami/or post-treatment 
tooth shade values, 

1.0136] it is well known in. the medical, field that pulse rates can be used to monitor 
pain/discomfort levels of a subject, An optional adjustable band may be placed on the patient 

sneh as a: wrist band which is attached to the control, unit and which incorporates a sensor for 
monitoring certain vital signs of the user, such as the patient's poise rate, throughout the 
whitening treatment and thereby monitor the patient's comfort levels throughout the treatment, 

[0137] Another aspect of the invention, is directed, at a kit including a plurality of mouthpieces, 

such as a plurality of mouthpieces according to the teachings herein. The kit preferably mciudes 
stock generic (i.e.., not custom made) mouthpieces and includes mouthpieces having different: 

stees, The kit may include mouthpieces having different widths for matching with mouths 
having different widths of the dental arch (e,gM as measured between corresponding left and 

right molars). The kit may include mouthpieces having different length of arches. It. will be 
appreciated according: to the teachings herein that the use of distal sealing plugs may reduce or 
eliminate the need for mouthpieces having different lengths. By 'employing- a kit of stock generic-
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niouthpiecss, tie need for eastern production of a mouthpiece (e.g:, using a dental mold 
.impression) rosy fee eitoiimied The kit may include pre-asserobled mouthpieces: or may include 

stock generic dental cover layers, such as the dental., cover layers according to As teachings 
herein. The kit may include dental cover layers suitable for lower dental: arches, suitable for 
upper dental arches, or both.. The kit preferably Includes dental, cover layers having different 
widths use in individuals having dental arches with different widths. lie kit may include one or 

mo^e treatment supply layers, such as a treatment supply layer according te the teachings herein. 

The treatment supply layer may he sni fable for connecting with one or two dental cover layers. 
The need for dental cover layers having different lengths may be reduced or eliminated by 
employing distal sealing plugs in the dental cover layer suitable for sealing the rear efids of the 
dental arch. Preferred kits include mouthpieces and/or dental cover layers having two or more 
different stock generic sizes, more preferably three or more different stock generic sizes, and 
most preferahly four or more different stock geaefie sixes. The number of different sizes may be 
generally large, but preferably i's: about 20 or more, more preferably about 10 or less, and most 
preferably about 6 or less, 

TreMsssent Meth.ml 

[01.38] A method for executing a dental treatment is provided herein, according to some 

embodiments, which may include one or more of the following steps: positioning a mouthpiece 
iachtdtng one or mere dental cover layera over upper and/or lower teetl); and applying a vacuum 
to the dental cover layer so that a sealed treatment cavity having a pressure below ambient 
pressure is formed around the teeth; and flowing one or more treatment .materials Into the sealed 

treatment cavity, 

[0.139] In a further embodiment, a method for executing a tooth whitening treatment is provided, 
wherein one or more of the .following steps may be executed: configuring a procedure for 
simultaneous customised tooth whitening; setting up a pump modnle to connect to a mouthpiece 
designed for a: teeth whitening treatment; configuring treatment settings on a control device 
coupled to the pump module; positioning the '.mouthpiece in a patient's month; applying a flow 

control to cause a vacuum between the mouthpiece and the patient's gum ridge anatomy; 
applying flow control to automatically manage delivery of materials in accordance with the 
treatment, settings; and using flow control to remo ve treatment materials from the mouthpiece. 

Of course, other steps or combinations of steps may be used. For example, prior to a treatment, 
the baseline shades of the respective teeth may be: measured, to enable customized treatment of 
the respective teeth. In addition, dental impressions may be taken, to enable construction of a 
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patient specific mouthpiece. Iti some cases., a gum guard may be' used in addition to tihe 
•mouthpiece, -'which riiay be a customized or stock type of gnard. In additional cases, treatment 
materials may be pre-heated prior to treatment and/or may 'be heated as may be necessary during 
treatments. 

[0140] Reference is now made to the respective ligares, which describe elements or aspects of 

multiple embodiments of the present invention, The drawings are provided for illustrative 
purposes only and,are not meant to be limiting. 

[0141] HG. la is a top view of an example of a mouthpiece device I, wherein is depicted a 
dental arch shaped cover layer, sometimes referred to herein as a vacuum forming layer, 
constructed from flexible material with compressible rims designed to form a treatment cavity 
over the upper or lower teeth- and gam ridges, hereinafter referred to as the upper or lower dental 
arch well 2, iff other words, the negative space contained betweesi the arched walls of the Well 
form what is referred to herein as; the treatment cavity. Dental arch well 2 may include, for 
example, deformable rims 2a,: the upper well floor 2c, the tipper labial frenulum cut out 2b of the 
outer wall of the rim % and the upper distal deformable plug sealers 7 with their peg holes 7a. 
Also depicted is a -portion' of a middle arch shaped layer designed to deliver and remove 
customised treatment materials to and from, the vacuum forming layer, referred to herein as the 
middle layer or the- treatment supply layer. The middle layer may support, for example, ars 
integrated handle 9, heat transfer pin heads 17, 17a, the arch well material delivery holes 13, the 

material drainage depression hole 14a, one or more electrical connectors, or any combination 
thereof. The electrical connector may be a printed circuit board(s) 15, The handle 9 may be 
designed to 'facilitate positioning of the mouthpiece into the patients month, delivery of materials 
to the mouthpiece, extraction of treatment materials from, the monfepieee, and delivery of power 
to the mouthpiece etc. By way of example, the handle may; have one or more features that 
laciiitate its manipnlatlon, such as a thumb depression 9a, 

[QI42| FJfl l.b is a bottom view of an .example of a mouthpiece device 1 wherein are depleted 

the distal plug sealers 8 ad their peg holes %, the arch well treatment material delivery holes 
13a, the drainage depression hole 14a, a lower dental arch, shaped vacuum: forming Saver, 

hereinafter referred: to as the lower dental arch well 3 with its deformable vims 3a, the lower 
floor well 3c, the: lower labial frenulum cut out 3b, the distal sealing wall 3d of the lower arch 

well % the distal sealing: wall 2d. of the uppet arch well 2, and the printed circuit boardCS) 15. 

[01.43] FIG; 1c is a view of an example of a mouthpiece device 1 wherein is depicted the upper 
dental arch shaped vacuum forming layer, or dental arch well 2, with material delivery holes II, 
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drainage depression hole 14s, drainage channel hole 19a, arch well peg holes :16a, and. areh well 
heating transfer pin hoiesI7fe, 

[0144| FIG: 2a is a front, view of'SB example of a mouthpiece device 1 wherein are depicted the 
upper denial arch well 2, the lower dental arch well 3, the middle layer 4, the in-flow tube 10, 
the oat-flow tube .11, .and' tlie air breathing vents 12, 

[0145] Fifix 2b is a side view of an. example 0! a mouthpiece 1 wherein are depicted the 
integrated handle % the upper dental arch well 2, the lower dental arch well 3, and the middle 
layer 4, In. some embodiments, the Middle arch layer is shaped to mirror a hinge axis angle to 

facilitate natural jaw movement when upper and lower vacuum forming layers are being used. 
Sneh an angled hinge axis design of the mouthpiece 1 is adapted to relate directly to the hinge 
axis relationship of the lower jaw to the upper jaw. The angle of the angled .hinge axis design of 
the mouthpiece (for example the angle between the two vacuhm .forming layers) preferably is an 
that, is comfortable for a patient to maintain during a dental, treatment. Preferably the angle is 
about 0,5. * or metre, more preferably abont 1° or more, and most preferably about 2 e or more. 
Preferably ihe angle is about 20 0 or less, more preferably about 15 * or less, even more 
preferably about 10 0 or less, and most preferably about 7 " or less. It will he appreciated that a 
higher angle may iryvanfageonsly be employed to allow for larger breathing vents, to provide 
more, flexibility in Re design of the middle layer, or both, 

[0146} FIG 3e is a top view of an example of a middle layer 4 wherein are depleted the middle 
layer top treatment material channel floor 4a with its flow channel, side walls 4b. the treatment 
material Inlet holes 13, the heating elements 18, the beat transfer pins l.7s. the connector pegs 16, 
the printed circuit board(s) 15, and the in-flow tube 1.0, and the .-out-flow tube ! I integrated into 
the handle 9. 

[0147] HG. 2d is a bottom, view of an example of a middle layer 4, its-flow channel side walls 

4b and bottom treatment material channel floor 4e, Also depleted is the drainage channel 19 and 
its drainage or outflow opening 20 which •connects to the out-flow tube 1.1, the treatment 
material inlet holes 13, the connector pegs 16, and the air breathing vents 12, 

[0148] FIG, 3 is a close-op top view of an example of an. anterior segment of the middle layer 4 

wherein are depicted the- drain hole 19 and the drain tube 20 which connects to the out-flow tube 
II, the heads 17a and pin ends i?b of the heat transfer pins and the heating elements 18. The 

heating: elements preferably are inserted into or otherwise connected with die printed circuit 

board 15, The connection between the heating element .18 and the printed circuit hoard may be 
Also depicted are the air breathing Vents, 12, The connection between the heating elements 18 
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and the printed circuit board 15 may below fee chasioel floor so/that the connection. is isolated 
from any .fMd that flows through .-the channel.-

[01493 HO 4a is a front (labial) view of at! example of a middle layer 4, the middle layer upper 
cover plate 5, the middle layer lower cover plate 4 the air breathing vents 12 and the 'in-flow 
tube .10 and oet-fiow tube 11. 

[0150] FIG'4b is an Uuaer (lingual) view of FIG 4a wherein are. depicted an example of the inner 
aspects of the air breathtog vents 12, the middle layer upper cover plate 5 with its connector peg 

holes 5b and its heat transfer pin holes 5a a$ well as the drain hole depression wed 14. Also 
depicted are the connector pegs 16 which secure the upper cow plate 5 and lower cover plate 6 
to the middle, layer 4, the treatment material inlet holes 13 which allow for the flow of treatment 
materials .from, the treatment .material flow channels 4a and 4c inside the middle layer 4 to the 
upper 2 ami lower 3 dental arch, wells (not depicted). Also depicted are the air breathing vents 12 
which go through the body of the middle layer 4, 

[0151] FIG 4c is a front (labia!) view of'ah example of an upper cover plate 5 and the lower 
cover plate 6 with the middle layer missing and the stmeturai connections of the heat transfer 
pins 17 between the upper-cover plate 5, the lower cover plate 6 artd the printed circuit hoard I S. 
Also depicted are the connector peg holes 5b of die upper cover plate 3 and the drain hole 
depression well 1.4 of the upper cover plate 5. 

[0152] FIG 5a is a vertical stack blow up front (buccal) view of one: possible embodiment of 
components; which comprise die doable denial- arch mouthpiece 1 of the present invention 
"Wherein- are depicted die upper flexible dental arch well % the lower flexible dental arch well % 
tile middle layer 4 the lower cover 5, the upper cover 6, the upper distal plug sealers 7, and the 

lower distal plug sealers 8. Also depicted are the heat transfer pins 1? and the printed circuit 
boardfs) 15. 

£0153} FIG 5b is a vertical stack blow tip back (lingual) view of FIG, 5a wherein are depicted 
the components which, comprise the double dental arch mouthpiece I of the present invention 
wherein are depicted the upper flexible dental arch well 2, the lower flexible dental arch well 3, 

the middle layer 4, the lower cover 3, the upper cover 6, the upper distal plug sealers 7, and the 

lower distal plug sealers 8. Also depicted are the heat'transfer pins 17, The printed circuit board 
15 is not depicted in this illustration. 

[0.154] .FIG, 6a is an inner (lingual) view of an example of a mouthpiece device 1 wherein are 
depicted the upper dental arch well 2, die lower dental arch well 3, the upper distal plugs ? and 
the lower distal plugs 8 as well as the air breathing, vents 12, 
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[01-55] FIG.: 6b illustrates a view; of FIG. 6a where a. distal cross-sectional vertical slice of the 
mouthpiece device 1 has been taken, so as to remove the distal sealing walls 2d and 3d of die 
upper and tawer dental arch wells respectively, so: as to reveal the cross-sectional structure ofthe 
apron or curled cross sectional shape design 21 of dte riut 2a of the dental arch upper well 2 and 
dental arch lower well 3, Additionally, the cross-sectional shape of the..-upper 7 and lower 8 distal, 
plugs aed their structural relation to the upper 2 and lower 3 wells: respectively are revealed, 

[0.156| HG be depicts FIG 6b wherein the upper 7 ant! lower 8 distal plugs have been removed 
to better reveal the structural shape of the highly deformable outer curled apron 21 artd inner 
c urled apron 21a of the upper iim 2a and lo wer rim 3a of the dental arch wells, 

[0157] HO, 6d Is an inner (lingual) view of the middle layer 4 with its upper 5 and lower 6 
©over plate attached to which have been, secured the upper 7 arid lower 8. distal, plug sealers 
respectively. Also depicted is the drain hole well 14 on the on the upper cover plate 5, the peg 
connectors 16 Inserted through the upper cover plate, holes Sa, -arid- the upper cover plate hole 5b 
which accommodates the heat transfer pi® head 17a (not depicted). Additionally; the illustration 
depic ts the air breathing vents 12, 

[0158]: FIG 6e is an angled front view of the mouthpiece device 1 wherein are depicted the 
mouthpiece in an array of three embodiments wherein .'the- left most embodiment depicts the in-
.flow tube It) and out-flow tube 11, the middle embodiment depicts the attachment of the quick-

attach coupler 22, which integrates hole 22a which, aligns with, the in-flow tube 10, hole 22b 
which; aligns with the out-flow tube ,1.1, and hole 22c which aligns with the printed circuit hoard 
15 (not depicted). Also depicted in the right: most embodiment .are the cable/tube bundle 23 

which '.Inserts into the quick-attach- coupler 22 and which includes -an out-flow tube 23b, an in­
flow tube 23a, and a po wer cable 23 c, 

[0159] 7 is an inner (lingual) close up view of an example of a mouthpiece 1 wherein, are 

depicted, ihe upper arch well 2 with highly deformable outer apron 21 and inner apron 21 a of its 

compressible .-rim 2 a, the lower arch well 3 with its highly deformable outer apron 21 and inner 
apron 21a of its compressible rim.: 3a, the middle layer 4 with its air breathing vents 1.2, and the 
connector pins 16 which secure the upper 2 and lower 3 areh wells to the middle Myer'4 

[0160] FKl Ba Is front (labial) view of art example of a mouthpiece I wherein are depicted the 
upper 2 and lower 3 arch wells in a. see4hrough flexible .'material so as. to. reveal their covering 
respectively of the maxillary teeth 28 and maxillary alveolar guru ridges 26 of the upper jaw 24, 
and the mandibular teeth 27 and mandibular alveolar gum ridges 26a of the lower jaw 25. Also 
depicted is the middle layer 4 of the mouthpiece device 1, and the in-flow tube 1.0 and out-flow 
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tube llcsif the'iRoaih^rbce-de^ce 1. 

[0161] HG 8b is a close up hmer side (facing the surface 'of the 'mouthpiece 1 riot depfcted) of 
die'quick-attach coupler 22 whereto axe depleted inner, aspects of the holes 22a and 22b, and the 
printed. elrciht board connectors 22d, 

[0162] FIG; 8e Is a close up outer (facing away from, the: surface of the mouthpiece .1 ..not 
depicted) view of the quick attach connector 22, wherein are- depicted the outer aspects of the 

holes 22a, 22b, 22:c, and the thumb depression 22eo» the top surface ofthe coupler 22, 

[0.163] FIG, 9a is an angled view of one side of an example of a pump mechanism, assembly 30 

wherein are depleted ihe flow control valve assembly 32 inserted into the control valve assembly 
frame 39, the How control valve motor 33, the gear assembly 34 inserted into the gear assembly 

frame 42, the flexible pump membrane 36 inserted ill the hole 33 of the flow control valve 
assembly 32. and the piston 41, attached to the drive shaft coupler 40. An. example of a treatment 
material dispenser Is; depicted, for example fresh gel tube 32b,, which connects to a fresh gel 
container 46 (not depleted) and the pump motor 31 inserted into the pump mechanism assembly 

floor 43, 

[0164] FIG 9b is an angled view of fee opposi te side of FIG. 9a wherein, are depicted out-flow 
•tube 32a, a treatment material tube 32fet the pump jumper tubes 32:c and 32d, the pre-heating 
chamber 29 with its treatment material tube 29a, the heating transfer block 44 with its heating 
elements 45, the waste tube 3 2f and the rinse tube 32gs and the pump motor 31. 

[0165] FIG. 9c is a top view of the pump mechanism assembly 30 wherein ate depicted a see 
through view of the flow control valve assembly 32 which, reveals the multi-position flow 
control valve 35 with Its multiple holes 35a inside the flow control valve assembly 32, Also 

depicted is the pre-heating chamber 29 with, its treatment material tube 29 a attached to the multi-
position flow control valve 35, the gear assembly 34, the flow eonttol valve motor 33 and the 
multiple position holes 37 on the 'top surface of the drive shaft coupler 40,. 

[0166] FIC1 9d is a front view of the flow control, valve assembly 32, The flow control valve 

assembly 32 includes an out-flow tube 32a artd. a treatment material tube 32b. 'Hie flow control 
val ve assembly 32 includes pump jumper tubes 32c and 32d, The flow control valve assembly 

includes a pre-heafing chamber flow attachment 32e for attachment to the pre-heating chamber 
29 (not shown).. The flow control valve assembly 32 farther includes a waste tube 32f and a 

rinse tube 32g, 

[0167] HQ 10 is a top/front view of one possible embodiment of die control unit 50 wherein are 
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depicted interactive screen/49:,, fee interface buttons 50a, the emergency stop button 50b, the 
speaker 50c, the optionally rechargeable tsattejy pack or power supply 48,. a treatment material 

stand, for example gel container stand 47 (not' indicated in drawing): to which is attached the. gel 
container 4£t, the iarfi-ovv (to the .mouthpiece device 1) tube 23a and fee oat-flow tube 23b, and 
the power cable 56 with attached spick-clip harness 51 with, its clip 51a to organize ifse •-in-flow 
23a sod. out-flow 23b tubes, 

[0168] FIG 11 is a top/back "view of the control box. 50 and the battery pack charger unit 5:2. 
Also depicted are the in-flow 23a and out-flow 23b tubes, the fresh water container 55 and waste 
water container 53 with its weight pressors sensot 54 on the floor of: the water container 
compartment 57 of the control unit 50. Also depicted are the power: cable 56, the battery pack. 

48, the battery charger plug' 52a>. and treatment material container 46. 

[0169] FIG !2a is an outer surface (bottom:) view of one possible embodiment of the upper gum 
guard 59 wherein are depicted the enter floor 59d with its multiple teeth holes 59a of varying: 
sized diameters and spacing, the outer side wails 59b, and the upper l abial frenulum ootch 59c, 

[01.70] FIG. 12b is an inner.surface (top) view of FIG 12a wherein are depleted the inner' aspects 
of the teeth holes 59a, and the inner side wall 59e and inner floor 59!" which, in some 
embodiments, maybe coaled with a .treatment material, neutralizing layer 61. 

[0171 j F!G!2c is an outer surface (top) view of one possible embodiment. of fee lower gnm 

guard 60 wherein are depicted the outer floor 6Qd with its multiple teeth holes 60a of varying 
diameters and spacing, and the enter side walls 60h. 

[0.172] HG, 12d is an inner (feottom) view of FIG !2e wherein are depicted the inner aspects of 
the teeth holes 60a, and the inner side walls 60e and inner floor 60f which may be coated Wife a 

treatment materia! neutralising1 layer 61. Also depicted is the lower labial frenulum notch 60c, 

[0173] FIG, 13a is a front vertically stacked view of the upper gam guard 59 and the fewer gum 
guard. 60. 

j 0174] FIG 13b is a front view of the upper jaw 24 wherein are depleted a. see-through version 
of fee apper gum gnard which, has been pulled over the maxillary teeth 28 and is sitting on the 

upper alveolar gum ridges 26 and the lower jaw 25 with a see-through. version of the lower gum 

guard 60 which'has been pulled over the .mandibular teeth 27 and is sitting on fee lower alveolar 
gum ridges 26a. 

[0175] FIG 13e is a front view of an example of a mouthpiece device 1 inserted between the 

tipper 24 and lower 25 jaws respectively, and wherein, are depicted, fee upper arch well 2 and 
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lower arch well 3 of the mouthpiece 1. Also depleted are ihe upper gum guard 59 and: lower gum. 
guard 60 onto winch is seated the mouthpiece 1. Additionally, the illustration depicts the 

mouthpiece, han.dk 9 to which is attached, the qnicfc-attaeh couples; 22 with its cable/tahe bundle 
23 attached to it 

[0176] FIG 14 is a flow chart describing an example of a process of implementing a tooth 
whitening treatment using a mouthpiece and associated components as described herein, 

according to some erokMime.nts,: At step 1,4a, at the initial visit the denial practitioner or dental 
staff determine and doenment the cuize&t (baseline) shades of':the teeth to be whitened. This-may 
he accomplished by using the optional shade guide: comparator sensor device that may be 
provided with the control unit, of as? alternative shade guide comparator. If needed, at step I4B, 
initial dental impressions of the arch, or arches to be treated may be taken and :deatal stone 
models of the arches are poured as is well teown in. the field. These models may then be used to 
•fabricate a. custom made disposable: gam protector as has been described above. Alternatively, 
various stock sized gum -protector/guards, may be used in conjunction with matching stock sizes 
of the mouthpiece device without the need to take dental impressions tor the fabrication of dental 
stone models. At step I4C the customized or appropriate stock mouthpiece is provided, fitted, 
and selected based on. good fitting to the patient's mouth, 

[01.77] At the treatment visit, at step 14D, the system Is to be calibrated and treatment materials 

prepared. For example, a fresh gel container may be connected to the disposable pump assembly 
that has been inserted into the control unit and fresh water may be filled into the refillabk fresh 
water container At step 14E disposable gum protector/guards may he applied and fitted, to the 

gums and or alveolar gam ridges of the upper and lowers jaws and adapted to the teeth to 
provide a sealed barrier between the teeth: and the soft, tissues immediately surrounding the teeth. 
If a milder concentration of treatment materia! is to be used then the gum. proteetar/giiards may 

not fee required. At step 14F> the relevant tubes are connected to the treatment material, container 
and the pump mechanism. The disposable tubing is now also connected to the mouthpiece 
device and may include a harness,, slip, or other attachment elements to hold the tubes in a 

specific orientation and position in relation to die mouthpiece device and the patient. At step 

I4G the control unit is powered wp and the treatment settings configured and may include, for 
example, configuring a customized treatment plan or session for a patient, in. accordance with 

their particular whitening needs or: expectations, comfort zone, and. health condition. 

[0178] At step 14H, ihe treatment material(s) may be pre-heated in the heating chamber of the 
pump mechanism. At step 141 the mouthpiece is inserted into the moath and. the patient may he 
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instructed id eio.se and bite down. into the mouthpiece etc, At step ! 4j the control unit may apply 
How control to cause a vacuum around. the alveolar ridges, For example, ffie control. unit may 

activate the motor which then rotates (he fl«« control valve to the -vacuum position to activate 
the pump to s-uc-k out the air contained between the mouthpiece and the al veolar ridges of the 
upper and lower jaws on which It rests. This negative pressure inside the mouthpiece- creates a 
v&eauftj seal of the .mouthpiece to these ridges as the thin flexible soft rihi or apron of the rims of 

the mouthpiece are sacked tightly up" against and conform to the gams covering the buccal and 
lingual plates of alveolar ridges of the upper and lower Jaws. This vacuum seal may be 
monitored by a pressure sensor throughout the treatment, la some embodiments, if the vacuum 
seai is compromised, the control unit may warn the user of the loss of vacuum integrity. 

[0179] At step 14K, the control unit, may apply flow control to enable delivery of treatment 
materials. For example, the control .unit may activate the motor which, then rotates (lie flow 
control valve to the treatment materials deliver}' position, and then also activates the pump 
component to deliver a selected amount of the treatment material that has: bees pre-heated to a 
set temperature by the .heating element contained in the control unit which is in contact with a. 
heating chamber element of the pomp component optionally at a controlled rate to the 

•mouthpiece device. In "some embodiments, -various other changes may he executed during the 
treatment, such as heating up of treatment materials Inside the mouthpiece, or otherwise 
managing the timing, materials, temperatures; lighting etc, in the treatment environment. 

[0180] At step 1.4L the control tmit continues to monitor the treatment settings throughout the 

treatment. For example,, the control unit may monitor the various pre-configured. settings of flow 
•KUes*. temperature of the individual heating elements in the mouthpiece, Material compositions^ 
exposure intervals etc. For example, the pump component .may pump pre-heated. whitening gel 
into the internal well(s) of the mouthpiece device and the .flow .rate and total amount of gel 

dispensed and delivered may he controlled: by pressure: seinsQr(s) or other sensors located 

throughout the system and the microprocessor controller of the control unit. In some cases, for 
example, the microprocessor may further control the various temperature outputs of each of ihe 

multiple heating elements in the mouthpiece, during the treatment process. 

[0181] In some embodiments, a pressure Sensor may be incorporated in the' pump mechanism to 
monitor the. internal presstsre inside the mouthpiece device throughout the treatment, In one 

example, increasing pressure inside the mouthpiece signifies degradation ofthe vacuum seal 

integrity and increase the potential risk that treatment materials will leak.: out. of the mouthpiece 
and into the patient's mouth or alternatively, allow saliva to enter: into the mouthpiece, Both of 
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these possibilities are undesirable, 

[0182] Chemically active treatment materials, -such as whitening agents, may release, for 
example, oxygen daringits oxidation/whitetting reaction. This release of free oxygen front age! 
may increase tile internal pressure 'iriside the mouthpiece device, In some embodiments, if the 
infernal pressure (monitored by the pressure sensor and the microprocessor) reaches a critically 
high value, the patient may foe told, to bite down harder oil the mouthpiece and the system will 

automatically begin evacuating the treatment materials contained within the mouthpiece and 
either pump in water to rinse the teeth or alternatively pump in -new treatment material.. 
Alternatively, removing overactive treatment material present in the mouthpiece with Jresh 
treatment matersal(s} may kelp in decreasing tjfie internal pressure inside the mouthpiece and so 
allow for continuing the treatment without the need to rinse the teeth, 

[0183] At step 14M, the microprocessor may activate flaw controls to vary flow patterns, as 
may be necessary. For example, the motor may be activated to rotate the control flow valve to 
the position that allows for a Closed-circuit" flow of the treatment materials already delivered 
into the mouthpiece to circulate within the lull upper artd lower arch form wells of the 
mouthpiece, either in a steady flow pattern, or in a sporadic pulsatile roauner, In some 

impkrnentatlpns, the direction of flow within the mouthpiece may be alternated as well, creating 
a further dynamically turbulent flow of the treatment materials similar: to the convection flow of 
a gas or liquid. In some embodiments, additional treatment modalities may he applied daring the 
treatment as may be necessary, whether by manual action, by a practitioner or assistant, atsd>'or 
whether via programming of the control unit. For example, several applications of fresh gel may 
be required for each whitening treatment in the same patient as the quantity of gel material used 

to fill the mouthpiece device to a specific level within each well has a limited chemical reaction 
potential to release the oxygen free ratlical and m effect a whitening of the. teeth, 

[01. Mj In further embodiments, die microprocessor of .the control unit may be set to monitor 
substantially in real time the treatment time duration and/or temperature settings for each Kone 

or area of the mouthpiece device, the patient situation, etc. optionally throughout the treatment. 
In some erobodimeufs, a built in screen in the: control unit displays this data to the user or 

practitioner throughout the whitening procedure. In some embodiments alerts may fee generated 
as may be necessary, to warn a practitioner of any problems, dangers, complications etc. For 

example, the control unit may alert die operator via buzzer sounds, voice activation messages, 

and or lighted indicators when eaeh gel application treatment is complete or warn about gel 
volumes,- gel temperatures, and vacuum pressure valnes etc, in the mouthpiece that are not 
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desirable. 

[0185] At the end' of the treatment., at step 14R the control unit m&y apply flow control to 
remove: treatment materials and/or rinse out treatment materials. For example, to facilitate the 
removal of the spent whUemng gel (chemically less active or Inactive) from the well(s) of the 
mouthpiece device, the microprocessor may activate the motor which then rotates the flow 
ppafroi valve to the position which allows the pump mechanism of the system (which has also 

been activated by the microprocessor) or a separate suction device common to a dental operatory 
which has been attached to the tray device, (such, as may he 'used, in ease of catastrophic failure 

of the pump or control system or both) to substantially remove ihe spent or remaining gel 
materia] from the mouthpiece device. Alternatively, spent chemically inactive treatment 
materials can he simply replaced by pumping new treatment materials into the mouthpiece; In 
some embodiments, to remove any residual spent whitening gel from the tooth surfaces aud the 
inner surfaces of the mouthpiece, fresh water may be pumped into the treatment area, for 
example, from a removable container of fresh water included and connected to the pump and 
flow control val ve unit. The water may he delivered by these to the inside-6f the mouthpiece via 
the same flexible tubing and can be used to rinse or flush the residual spent treatment materials 
out to a separate disposal container. In one example, a sensor sueh as a simple weight sensor or 
other type sensor may be incorporated beneath or adjacent to the water disposal, container to 
monitor' the amount of water used in each rinse/flush cycle, 

[O'lSCfi At step 140, the flow control valve may be activated to release the vacuum, seal of the 
mouthpiece to the alveolar guur ridges and teeth, for example, by pumping air into the 
mouthpiece. 

[0187] At Step 14F, the mouthpiece and gum guards (if used) are removed from: the patient's 
mouth and the optional shade comparator device may be used to record the whitening results 
obtained. 

£0188] The above described features of the system allow for the easy aud rapid removal of 
treatment material and from the mouthpiece device so that upon removing the mouthpiece 
device from the patient,, there remains little of the spent treatment material both in ihe 

mouthpiece device itself and on. the enamel surfaces of the treated teeth. This simplifies the 
operator 's task of removing any parti ally or completely spent treatment material from fee 
patient's mouth. In. some implementations, the controlled removal of the spent treatment 
materials may be atuomated by the control unit at ihe end of a set period of time or manually 
initiated by the operator's pressing a button which activates the removai/suctionirlg of the 
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material at any lime during the treatment 

[0189] Alternatively, as mentioned above, spent treatment materials may be rapidly removed 
(sactioned) via the evacuation system ofthe standard dental operatory unit. 

[0190] In some embodiments, several -aippiicatjons; (of: a -volume- qf gel required to fill the 

mouthpiece) of fresh treatment materials may be: so applied and removed until the operator and 

patient -are satisfied with the whitening results achieved. Of course, any combination of the 
above .steps may tee implemented.. Further, other steps or series of steps: may -be used. 

[§191] In die respective embodiments of the present Invention, the above described design 
eiements ailow for the rapid, intense and controlled whitening-of a dental arch or arches of bosh 
the anterior and: posterior teeth sirnultanecmsiy and the whitening of both the onter (buccal), 
inner (lingual) aud occlusal (top/biting) surfaces of both the anterior and posterior teeth. These, 
embodiments further enable -effectively protecting the patient's, soft tissues* from the caustic 
effects of die various concentrations of whitening -agents applied to the teeth, whilst optionally 
maintaining and monitoring -in real time the safety, progress and/or comfort of the patient, 
throughout ihe treatment, 

[0192] According to some embodiments, the present invention's dental arch monthpleee design 
allows for a novel ''compression" whitening technique (based on its novel vaeutnn seal integrity 
of the: mouthpiece in the mouth) which potentiates the oxidation (whitening) effect by forcing 
oxygen ions into the enamel surfaces of the teeth. As mentioned above, this compression 
technique also protects whitening gel from any deactivation by the salivary peroxidase: enzyme 
and: so father enhances the whitening effect of a given quantity of gel delivered to the inside of 
the monthpiece device of the present invention, 

[0193] ft will be appreciated that for simplicity and clarity of illustration,: elements shown in the 
drawings have .not necessarily been, drawn to scale. For example, the dimensions of some of the 

elements may be exaggerated relative to other eiements for clarity. Farther, where considered 
appropriate, reference numerals may be repeated among the drawings to indicate corresponding 
or analogous elements throughout the serial views. 

[01941 The principles and operation of ?M device, and method according to the present 

invention may be better understood with reference to the drawings, and the following 
description, it being understood that these drawings are given for illustrative purposes only and 

are not meant to be limiting, wherein: 

[0195] The foregoing description of the embodiments -of the invention has been presented tor 
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the purposes of illustration. and description. It is not intended to be exhaustive or to lkn:U the 
imvention to the precise form disclosed. It should be appreciated by persons-"skilled! in &e art thai 
many Modifications, variations, substitutions,. changes, and equivalents arc possible in light of 
the above teaching,. I! is, therefore, to be nmtefsfeod that the- appended claims are not Intended to 
cover all such modifications and changes as fall within, the true spirit of the .invention. 
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cm 1MB 
What is claimed is: 

1> A device comprising: 

a iHouthgi&ce Mtabfe- for im$leme»£feg a dental treatment, wherein the mouthpiece Mlttdes; 
I, one or more stock .•dental cover layers suitable for forming a treatment cavity having a 
vacuum, .wherein the dental, cover layers includes a layer over the upper teeth and/or a 

layer over the' lower teeth; and 
li. one or more treatment supply layers wherein die treatment supply layer has one : or 

more, flow channel in fluid communication with the treatment cavity so that the treatment 
supply layer can deliver and/or remove one or mote treatment "fluids from. the treatment; 
cavity. 

2, The device of claim 1, wherein the dental cover vacuum is formed •using a mathmoite 

sealing mechanism that includes a sealing vim formed of a compressible, material in eorynnction 
with one or more sealing plugs attachable to the rear opening(s) of the dental cover 'layer, 
wherein the sealing mechanisnv sufficiently seals the treatment cavity. 

3, The device of claim 2, wherein said sealing mechanism, is adapted to prevent .saliva from: 
entering the treatment cavity and is adapted to prevent treatment material from exiting the 
treatment cavity. 

4« The device of any of claims 1 through 3, wherein fee treatment supply layer includes one 
or more heatcrs: for heating a treatment material, for heating at feast a portion of the treatment 
cavity; or both. 

5, The device of any of claims 1 through 4, .'Wherein: the device includes a handle integrated 
into-the" treatment .supply layer suitable for: inserting the one or more dental cover layers over 
the upper and/or lower teeth, for adjusting the position of the one or more dental cover layers,, 

for removing the. dental cover layers after a dental treatment is completed, or any combination 
thereof. 

6, The device of any of claims 1 through 5, wherein the device includes a power line for 

delivering an electrical, current to the treatment supply layer and one or more tubes for delivering 

and/or extracting one or more treatment materials to the treatment supply layer, the handle 
includes the power line; or both. 

7, The de vice of any of claims 1 through 6,. wherein, the dental cover .layer covers the gum 
ridges. 
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S. Tile device of any claims I through 7, wherein fee device includes two dental cover 
layers for covering the upper teeth and the lower teelh; at least one treatment supply layer 
Interposed between the two dental cover layers to enable the upper teeth and lower teeth to be 
treated simultaneously; wherein the device includes one or more breathing vests is the 

treatment supply layer suitable for providing an air passage into fee mou th daring a dental 
treatment 

9. The device ofaay of claims 1 through 8, wherein the handle, includes one or snore inflow 
t$ibe$. for flowing one or more treatment materials into fee treaftneot supply layer(s); and one 'or 
more outflow tubes lor lowing one or more treatment materials oat of fee treatment supply 
iayer(s), 

JO, The device of any of claims I through 9, wherein, the mouthpiece includes: one or more 
delivery holes for flowing a treatment material from, the treatment supply layer to the treatment 
cavity, and one or more drainage holes for flowing a treatment material from tile treatment: 
cavity to the treatment supply layer; and wherein the treatment.supply layer includes one or 
more delivery channels far transporting a treatment material from an inflow tube to the 
treatment cavity and one or mere drainage channels for transporting a treatment material from 
one or more drainage holes to an outflow tube, 

11, The device of any of claims 1. through 10, wherein the dental, cover layer includes a 

compressible cavity ping suitable for sealing the cavity to-prevent material flow out ofthe rear 
sides of the vacuum forming layer. 

12, The device of any of elairns 1 through 11, wherein the device includes one or any 
combinations of the following design features: the dental cover layer Incorporates a scrolled cut 
out apron design to conform to the gum ridges: the treatment supply layer includes one or more 
individtsally controllable beating zones; the dental treatment layer is between upper and lower 

dental cover layers and is shaped to mirror a binge axis angle to facilitate natural jaw movement 

13, A system comprising: the device of any of claims 1 through 12 wherein said vacuum is 
formed via the treatment supply layer, by reducing fee pressure in the dental treatment cavity 

below arnbi en t pressure, 

14, The system, of claim. 1, wherein the system includes: 
i. a ptmipisg system for .pumping one or more treatment materials into the 

mouthpiece; 

it. a multi-position flow control module; and 
isi. a control unit for automating the dental treatment. 
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15. The device o!' any of claims 1 through 14, wherein the device includes a dental guns 
guard component for additional protection against teaUHentmateriais, 

16, The device of mf of claims 1 itlmJttgh 14, wherein the device includes & dental gam guard 
component wliich Includes a gum treatment layer on its inner surfaces for the delivery of one 
or more therapeutic material to the gyms. 

17. A dental gum guartf,. comprising a flexible surgical arch shaped drape designed to conform 
substantially to the gum ridge anatomy, and having pre-configured eUt-rrat holes for 
customized. insertion over t:he teeth which acts to provide a dry field. 

18, Use dental gum guard of claim 17, whemin the dental gym gnard includes a treatment 
materia! layer on one or more surfaces,, wherein the treatoentmaterial is suitable for 
neutralizing treatment materials. 

19. A method for executing dental treatments, comprising: 
L positioning a mouthpiece including one or more dental cover layers over upper 

and/or lower teeth; 
ii applying a vacuum to the-dental cover layer so that a sealed treatment cavity having a 
pressure below ambient pressure is formed around the teeth; and 
iii. flowing one or more treatment materials into the sealed treatment cavity. 

20, The method of claim J 9, wherein the process includes one or any combination of the 

following steps: 
i. setting itp a pump module to connect to a .-mouthpiece- designed for a teeth 
whitening treatment; 

ii. configuring treatment settings on a control device coupled to the pump module; 
iii. applying flow control to cause a vacuum between the mouthpiece and the 
patients gam ridge anatomy; and 

i v, applying flow control-to automatically manage delivery of materials f n 

accordance with said treatment settings, and/or using a flow control module to remove 
treatment materials from said mouthpiece. 

21, The method of clai m 19 or 20, wherein the. me thod includes a step of applying flow control 
to change flow patterns daring a treatment in order to optimize conformance to a treatment 
plan, 

22. The'method of any of claims 19 through 21, wherein the method Inehsdes a step of 

monitoring the. treatment to track, conformance to a treatment plan. 
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23 v The method of any-of claims 19 through' 22, wherein the method includes a step of 
monitoring the treatment to identify problems during a treatment, 

24, The method of any of claims 19 through 23, wherein the treatment-supply layer includes a 
plurality of zones including a first zone aad a second : £onet whesraia the process -includes 
providing different treatment materials; to the first .zone and ihe second zorm, 

25, The .method.of claim 24, wherein said treatment materials differ with respect to the 
temperature of the materials, with respect to the concentration of the materials, or both. 

26, The method of claims 19 through 25, for executing a teeth whitening treatment. 

27, A device comprising 
a, a deform able -gain-sealing portion for covering a. gum* 
fo. a distal tooth sealing portion, wherein the gum sealing portion, and the distal tooth sealing 
portion define a gap between at least a portion of the device and the tooth, over which it lies; 
and 
e. at least one fluid conduit portion for passing a fluid Into or out of the treatment cavity; 
wherein the pkeer&ent hi a patients month over a plurality of teeth the gum. sealing portion 
contacts and deforms against a gum of the patient for forming intimate contact with the gtmi, 

aud the distal tooth sealing portion deforms against distally located for substantially defining 

a seal at. the distal tooth, so that a. fluid can he introduced, remo ved. Or both from the 
treatment cavity while maintaining i seal with ihe deforurabSe gam sealing and tooth sealing 
components, 
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