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DEVICES, SYSTEMS AND METHODS FOR THE WHITENING OF TEETH

CLAIM OF PRIOGRITY
{01} This application claims priority to US Provisfonal Patent Application N §1/833,383,
filed September 12, 2011, entitled “Devices, Methods and Systems for the Whitening of Teelly™,
and from US Provisionel Patent Application Na, 61/895,238, filed Felvuary 8, 2013 entitted
“Previces, Methods and Systonws for the Whitening of Teeth”, which wire filed by the same

mventor, sid sve Incorparated in thelr ertivety berein by refersnce.
FIELD OF THE INVENTION

(02} The deviceand sethod of the presgnt invention relates o dental treatments and more

spectilcally, to toeth whitening reatments,

BACKGROUND OF THE INVENTION
[03]  There s a wide variation in the visual color shade values of the tweth. There is also
sommonty found 3 wids vartation within the sarwe individual of the different tecth in the mouth,
due o variety of natural factors. Often, in the <anwe tndividual fiw example, the tatural dolor
shade of the upper snd lower canines are more “vellow™ than the upper and lower condrd and
Yateral incisors and 8 is conumon fo find that the apper (musillary} testh me generslly “whiter”

than the lewer msindibelany seeth: iy often alvo comumon to find that the angerhor teeth are in

ceneral “whiter” than the posterioe testh, Known dentsl whitening treatments that will be
descsibed below do not sppear to tade into avcount any of thess sigmificant variations in haseline

{pre-treatment) color shades whick are novmally present fn the same indbeidog] pationt prior s
geatment, This means that whigever whitening result that s obtained using the various
whitening techiiigues currently in use cannotin general be cusiondzad 10 & given patient’s aeeds
based on the intttal differing baseline color shades values of the teeth that the pitient presented
with prior to treatment. It is therefore extremely unlikely to obtain g completely saifurm {inal

whitentng resalt wtilising the corrent sysiems i uss.

{04]  There are sumorouy over-the-counter copsumer  “whitening™  prodects such as

toothpastes, whitening strips and mouthwashes, These witl not be dsvussed further.

{351  The standard professionad demtal treatment for whitening teeth is o provide the aser
either by way of the dental office some forny of dental tray apphiance {costom made fron dental
mokds taken from cach patient and made to Bt 0 each patient) and mild conventrations. of a

whitening agent fur selfapplbioation at honae. These treatments wre commonly referred 1o as the
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“home” whittedng method.

[06]  The anatomical ares posterior to the termimal teath on the vight and lett sides of sither the
uppsrand Jower jaws i referred (o as the meiro-molbwr pad. The deutad nay apphiance is typieally
fabwicated 1o cover these tenminal tweth and thelr tevminad bordery are e setro-molar pads.
There Ty significant variability between patients as 1o the size of their tecth, and the shape of
thair dental arches, Yo regards o fabricating 8 tray to properly cover all the teeth contained

within any given arch, the variable width and length of the dental srch must be conndersd.

071 The user s instructnd to 81 the foll arch dental tray with the mild whitening chemical

=

agerd {gel) aud place the teay on the testh $or up 1o several hours each day over the course of @

&\ X

mininnum of one totwe weeks. The custom dental trays cover all the teeth either in the upper or

Iovwer o, This means that the aser can whiten both the front and back teeth with thin treatment
method using one fray for the npper weeth and one tray for the lower teeth, This teeth whitening

techoigne is refemed 0 8¢ & “compression” technigue, 88 the whitening agent i mainly
contained during teatment within the closed confives of the tray and not feft exposed to the

atposphere,

FOR] I has beow demonsirnted that the use of a compression techuigue with whitening agents
potenttates. whitening as thiy encourages oxygen lons rélease hy the whitening agent {the
peinnary means of whitgning the teeth) to migrate owards the inside of the enamel structure of

the teeth rathor than to be relessed into the surrounding aiy (Mlarg and Miarg, 20031

091 1t has been demonsirated that the natural saliva in the oral cavity containg g peroxiduse
engyme which natwrally breaks down snd nevtralizes hydeogen pemxide (Tenovee and Prafit,
1984), Utilizing costom made professional whitening trays which adapt to the eeth mere clogsly
than over the coumter stock whitening trays roduces the amount of saliva that can seep into the

vs and come in contact with the active hydrogen peroxide that has been placsd into the trays.
Thia reduces the amount of deactivation o breakdows by the saliva of the active gel and s
inerenses the chersical whitening effect of (s professions! whitening teniment 1 comparison
fir over the conmter “stock™ whitening trays (which arg pol av well adapted o the testh and so

allow a st gnificzmt amount of saliva to leak into these trays).

[010] The custown “whitening”™ dental tray appliance(s) of the “home™ treatinent methad
mentioned above requires twe dentad visits, During the first office vistt, dentd} impmgaiﬁns of
the dents! srches are taken in the dental offios from which are fabrivated customi-fitted rigid or
semdrigid thin plastic “whitening” tray{y). These ttays outer Bmiting surfaces can either be

closely comtoured o the teeth of made significantly larger than the weth. The above “home™

b



WO 2013/039906 PCT/US2012/054652

treatment method teguires the uier to devote consislerable time {as mentionsd above) 1o schiave

a moderate degres of oth whitening, and due to the excesshe pxposure time of the testh and

gums o the whitening agenis can often cawse the weth o bocome sensitive as well @ frritating
or chesmoeally burdng the gors and orsd pscosal tissues of the mowth. Moy patients fimd the

wifont reguired to achieve & sufficiently “whiter teatly " resalt too taxing, aod there is often ¥ very

high rate of nopcompliancs, rosulting in a poor final whitening result of the weth.

f011] There pbviows drawbacks in the professional “home™ whitening reatment methad hus in
recant years given rise to professional dental trenvments reforred o in the dentdd field as “in
office” or “power whitening” tuatment. This trestment method tnvolves applying i the dental
office, aiilicing and under the supervision of professional dental seaff, more highly congentrated
Gind more caustic) formwulations of various iceth whiening chomical agenty than were
previvusly used for the “home” whitening treatiients. This “power™ testh whitening techaique
typieally takes around ong howr treatment fime. To pratect the gingival dssues from these highly
conceniraied whiteping agents, o “painton dany” or profective coating (3 layer of materidd
applied i & strip at the gam Hne which is placed v a scatlopad shape to contour v e gam-line)
is applied by haod {(very tme-consunring) awd hardened with a sandard dentad UV light
Additronally, an uneontfortable Hip snd chiek retracty devivce i iserted nto the month along
with cotton walls (and gauze as nesded) in ovder to try and protect the vest of the oral tissues of

the mouth from these bighly concentrated and caustic whitening agents,

[ These precastions are necessary, 28 ooutact of these highly concentrated chemieal
whitsning sgents wsed in the “power” whitening with the above mentioned soft tissaes of the

mouth will, W a few seconds, gause siguificant chomical barning and pain to the patiens.
Typically, three apphcations of the whitening sgent {for approximately 20 muinutes each) Nimited
to oply the buccal {(front) surfaces of only the auterior tweth are mads, whereln the previons
application iy washed and suctioned off the tecth and replaced with the nexi apphicatbw. The
hngaal Gaser) swifaces of these anterior weth and the posteriyr foeth in thelr entirsty ave ot
“whiteped” using this technigue, The “power™ whitening technigque does not utilize 3 tray devies
of any kind. The whitening s agent s applied W open “pon-eompressed” paint-on manner outo
the external bocoal serfaces of the limited teeth o by Wweated and so dogy not have the whitening

advartages of the compressicy affect of the whitening gel using trays as described previcusly

g

(home whitening technigue).

FO13] Over the past two idecades thers has alsn bean a shift ia “in oifice” or “power whitening™

treatants 1o uiflize “Hahl acthated” whitoning agents ovdr the older whitening agents that did

L
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not roguive light scfivation o potemtiste sn oxddation (whilening) chemicsl reaction. Thess
newer lght activated whitening agents ame chamicadly formuutated to oxidize when sxposed to 8

concenrated intense Haht source which acts as@ catalyst to potentiate the chemical oxidation of

those whitouing agents,

014 There s niuch controversy i the dental ficld as o whother the use of gt sctivation of
the whitening gels enhances the chernical whitening effset of these gedsx, Tt has besn postatated
that it iy actually the heat genensted by the Hybt and not auy specific wavelength of the Hght that

setually increasey the chemivel sctivity fnd henoe the whitening activity of these whitening gela.

{3]  The Hght emitting devices currently helng weed o the dental field can, i géneral, only
reach. the antertor portion of the mouth and only afier the lips and cheeks have been retvacted
nsing devives as were described above. This 1s due to the Hmnited nanural elasticity of the Hps and
muscles surrounding the mouth whick Timit the number of teeth that von comfortably and safsly
retracted and exposed o the Dight sowrve and the bighly conventrated “power™ whitening

chenieal agents while still protecting the soft tissues 6F the oral cavity frown thess highly caustic

whitening agents,

[016]  As mentioned above, these Hmitations typically resultin “power whitening™ trestments
of, at a nraximum, the front upper 10 and frout lower 1 igeth, (the uppet sod fower ceontral and
fateral ineiors, canines and first and secoud bioyspids) for a maxioum freatmant of 20 tecth
{there are typioally 2802 teeth v the human mouth). Due to the lmitations alresdy mwemsioned,
# s common practice o find that only the top { and bottoam 8 frong teeth are “power” whitensd
for a total of 10 {only 309%) of the testh often present in the patient’s mouth, a distinet

dizxadvantage of this tecth wiutening tchnigue

3171 A fwther Humitation of the teatment sve s that i general the ights nsed wn the “power”
wiitening can be positioned by the operator intp the patient’s mouth o Hlumdnate mainly the
bugcal (front or vater} serfuces of the asterior eeth while only poordy Hlendaating the Hagual
{back or tmoery swrficss of these fromt weth, B ois also extremely diffienit for the deptal
practitoner 1o apply the “paint-on dam” protective coating at the gum-Hoe of the ogual “inne™
surfuces of the anterior tooth and alonest impossible for the dentist o isolate the very active
tongus with the cuirent isofation devices and materials available in the dental fleld. This means
that these sensitive gral ssues are extremely difficuli o isolate from the caustic. chemical

burning of the highly concentrated “power” whitening dgenss

[O18] The above explains why whitening of the Joner (lingual) surfaces of the antedor teeth are

varely dowwe in this technigue and the postarior toth are pever whitened st all with 1his rechnigue.

A
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Morgover, the “power” whitening of oaly the buccal (ovw) surfaces of the antwior teeth
adversely affects the everafl fival whitening rosult, as the ratural enamel layvers of the teeth
{oatueaily found on both outer amsd isner swfaees of sl the testh) are nanwally somewhat
gansivcent, This allows for the “darker™ shade of the maer Qingualy untreated surfages of the
teeth fo “show throaglt™ to the front sarfaces. This naterally covorring optical effect can “bring
donens” or diminish the overadl fingl whitening effect of these foeth when wsing the corrent

“powar” whiteaing treatment methad.

[016]  Advantages of the "in office” or “power™ whitoning treatent method compared to the
“home” yeatment inclade . B allows for the more yapid whitening of the testh corpared 1o the
“hope™ weatment due o the use of more highly concentrated whitening agents. This reduces
significantly the over-all treatment ting; b Ag i & done “incoffics™, thers is lees of a none
crmnpliance dssue with the patient as s often encountored with the more fengthy “home”
treatmend; and ¢, The shorfer treatinent e tomds 10 minimive the ritation or sensitivity of the
tesdh, ax the teeth are oxposed 1o these agents for 2 shorter period of time, though some wsers do
experhence tmoth sensiiivity due {o the more concentrated strength of the chemicsd oxidizing
agents used i his teatment miethad and the ofien enconsterad wwanted leakage of anall

siwotts of the highly concentrated whitening agents past the protective barriers placed by the

+

s

dental practitionsy onto the oral tissues during the “power™ whitening treatment,

{20} Dusadventages of the “in office” trestmem wethod conpared to the "home” treatiment
clade: a. As anted above, only the frout teeth can be comfortably whitened with the “inoffice”
methed, as compared to the “home™ treatment which alfows for the whitening of both the from
and back teeth: b Ax meptivoed above, the nwwe highly Concentruted formudations of the
whitening oxilizing agenis e mors caustic to the haed (footh) tissue and soft {zums, oral
mricosa, taigue} tssue of the mouth and o reguire the application of special haud-applied
gingival and oral mucosal barrders by professionad dental staff uader the supervision of a dentist
oy by the dentist himdberself on the gingtval and oral macosal tesues of the arsas 1o be treated in
orthr 0 proteet them from these bighly concentrated whitlsning chemicals, This b5 & dme-
consuming procedure that often needs o by reapplind during restment to properly protest the
sefl tissues of the mouth forrn these highly concentrated whiteaing agents. Bven with ail this
isolation effort, us menttoned above, 3t is typical 1o find some leakage and baming of the oral
fissues of the patient resalfing i femporary pain and discomifont to the patient; ¢, Dye to the
ingeosssibility of the posterior testh and difficelty {due to the checks and tongue) of the posterior

argas of the mouth, these whitening veatments invariably are résiricted or Hinited (dug 1o the

extreme difficalty of protectng the orat soft Uasves smrounding the posterior teeth) fu the

L
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anterior segments of the mouth; & Whiteos maialy the front (buceal) surfaces of the antedor
teeth and ooly rarsly 15 wsed to whiten the {oner (ingual) surfaces of the anterior wetly snd e It
is common 1o obssrve a more marked “rebound” effect (loss of whitening resull) after eatment
with this “in office” treatiment methesd ax conpared o the “home” testient mcthod, This i due
to the short duration of eaiment {as compared o the wech Jonger treatient time of the “homwe™
teatment method) and the resnltpnd rehydration. of the teoth afier Geatment {thy “power”
whitening process tends 1o temporarily dehydrate the teeth whish temiporarily potentiates the
initiad whitening wsult), This means that the typical final “whitening™ result using the “power”
widisning techoigue s significantly poorer then e finad “whitening” result that can be obiained

o

when the patient is highly compliant and wses the “hone”™ whitening tecluigoe propealy.

SUMMARY OF THE INVENTION

[21] There is provided, fn accondance with an cmbadiment of the present invention, a devics,
method and system for aiding feeth whitsning The device may inchide a mouthpizoe suitable for
inplamenting & domtal geatment, whevein the mouthpiece includes e or wore stock dental
cover fayers suitable for forming & treatment cavity Baviny & vaowan, wherein the dental cover
fayers includes a layer over the upper teeth andfor & layver owver the lower tfesth; and one or miwe
treatment supply layvers wherein the reatment supply hayer has one or sare flow channed in fluid
conmnication with the treatyent cavity so that the treginent supply laver can deltver andfor

FEMOYE one oF rnore treatment Hoids to or from the roatment cavity,

{0221 1o somwe embodiments, the demial cover vacuam iy formed wsing & confinoous o
selectively sustainable sealing mechanivn that includes s seading vim fornied of a conmnpressible
material in conjunction with one or morg sealing plugs attachable o the rear openingia} of the
derdal cover layer, wherstn the sealing mechanism sufficiently seals the treatment cavigy.

(23] I some embodiments, the scaling mechanism is adapted to prevent saliva from entering
the treatirent cavity wed 18 adupted (o provent freatment material from exiting the reaiment
cavity.

[624] In some embodimenty, the treatent supply fayver nclndes one o more hoaters For
heating & troatment material, for heating ot least a povtion of the weatment cavity; or both

{0257 In scone embodiments, the deviee includes & handle integrated into the treatment anpply
layer suitable for heerting the one or mowe dental cover layers over the upper anor fower

teetly, for adjusting the position of the ooe oy more-dental cover lavers, for removing the demal

&
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cover Lavers after a dontal troatinent is completed, or any combination thereot.

O] In some ontbodimenty, the devics includes a power Ting for delivering an elevtricad
corvent to the reatment supply Jayer snd ong or more tubes for delivering andfor exiracting one
of powe treatmient materials o te weatment supply layer, the handle includes the power Hng; or

hoth.

10271 Drosome snbodimaents, the dental cover laver covers the gum ridges,

{281 In some embodimemts, the devies fnchudes two dental cover lavers for covesing the wpper
testh and the Iower izethy st least one treatment supply laver intorposed betwesn the two dental

cover lavers fo enahle the upper teeth sod lower teeth to be {mziim s,i,mnimmaonsiy; wherein the
device incladds one or more breathing vonts w the treatment sapply layer suitably for providing

01 air passage wte and oot of the measth during a dental roatmest.

{291 I some enbodimenty, the handle inchides one ormore inflow tubss for flowing one or
more freutivont wateriads nte the reatment supply layar(sy; and e of more outflow wbes for

flowing one or more treatment materals sut of the weatment supply hiyer(s).

{30] In some embodiments, the mouthpisce puy fuchude ome or more delivery hades fix
fAowing a treatment material from the treatment supply layer o the treatment cavity, and one or
more drainage holes for flowing a treatmert material from the troatment cavity W the Ueatment
supply laver; amd wheseln the weatment sapply layer nchudes obe o more delivery channels for
asponting a teaiment materigl from an inflow tebe to the treatment cavity and oune or wore
drainage channels for tansporting & eotment matsria from one or more deadsage holes to an

auttlow nibe.

{0311 In »ome embodiments, the dental cover layer ineldes o compwessible cavity plug
suitable for sealing the vavily te provent material flow out of the rear sides of the vacuum

forming fayer.

[022] I some embodiments, the deviee inelades one v any combinativws of the following
design foatures: the dental cover layer eorporates a sorplled cut ot apron design o contorm to
the gom sidges; the treatment supply layer ncludes one or more lividually contollable
fieating Zones; the dental treatment Jayer s between upper and lowsy dental cover layers and &

shaped 1o nurror a inge axis angle to factlitate natural jaw miovenent,

(033]  Inosome embodiments, e above deseribed vaduanm s formed vig the weatment sapply

fayer, by reducing the pressure in the dental reatmest cavity below wimbient pressure.

{0347 In some embodiments, the deviee may include o pumping systen, for prnping ong oy
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move treatment materialy e the owuthpies! & multi-position flow control medule; and a

pertrol unit for automatiny the deotal treatment,

{OG3] In some envhodinents, the devite inchudes o dental gum guard Somponent for additional

prodeciivn against rsatment mstedals,

{1361 In some embodiments, the device imcludes 3 demtal gum guard component which
includes 3 gum treatment Laver on it tey surfaces for the delivery v of ope or more therapestic

muaterial to the gams,

{0371 According to some embodiments, & dontal gam guasd is provided, that way inclode &
flexible nurgioal arch shaped drape designed to conforny substantiadly o the gam ridge suatomy,
and having pre~coufigored cut~-out holes fiw customized Insertion over the teath which azts to

provide g dry feld,

[{038]  In some ermbodiments, the dental gum guard mcludes a frontment material layer on one

or more surfaces, whersin the reatiment materiad s suitable for neutralizing reatment waterials,

{3391 In still Yenbwr embodiments, & method Bs provided for executing dental treatments,
including positioning a movnthpiere inclinling me or more dentad cover fayers over appar andfor
fower teeth; applving a vacusm (o the dental cover layer so that a sealed freatment cavity having
A pressure below amblent pressure ¥s formed wonnd the weethy and flowing one or more

treatroent materials ndo the seaded treatoent cavity.

[040] by somwe embodiments, the process inchudes ong or any combination of the following
sleps: seiling up o punip modele o cmmect o 2 mouthpiece designed for g tecth whiteming
tfreatment, oonfigudng teatment seltings on a contol devies conpled to the pwnp modals;
appiving a fow contrel moduele o cause a vacuam betwesn the meuthplece and the patients
g ridge anatomy; apply flow cotrel modude to sutomatically manage delivery of muaterdals in
acoprdance with said restmend seitings, apdfor asing 8 flow contral module 10 remove rsatiment

materials fromn the mouthpises

[041] In stane embodiments, the method inclades a step of applying flow conteod 1o change
flone patterns during a treatment, o opdey to oplimive conformancs o a reatment plan,
{0421 Insome cmbodiments, the method fncludes a step of monitoring the treatment © wack

conformance 1o a Westment plan

{0431 In some embodinents, the methnd includes a step of montioring the reatment to identify

problents during o treatment,

8
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10441 T sovne enbodiments, the weatment supply faver tochades s plarality of zones incloding
a first xone and & second rome, whivels the progess inchides providing difforent Greatment

materials to the first zons and the second zone

{8451 In some embodiments, the teatment owteriady ditfer with yospect o the emperative of

e saterials, voith respest o the concentration of the materials, or both

[046] The treatment device, goonnding to somw smbodiments, may be a stock Hom that muy be
provided iy several stock sizes, and which iy either reusable or ¢ ope-time trow-away Hlem, may
inchade g single dental areh or double dental srch wouthpicce with breathing tubes incorporated
intes the body of the device that gllow the patfent to breathe through the mouth whan the double

dental arch mogthpicce is nseried o the oral cavity. The mouthpiece devive has flexibly side
walls with a choumfvrential deformabde apron of wniquee design that sdapis (o the vpper and
lowsr alveolar ridges of the mouth, Bachoarch formed will contains at By distal end {x.’ig}it snd
feft sides} wysar seal plog. The pheg is made of a highly deformable material which when hitten
it tghtly conforms to the anatonty of the crows segment of the woth that {s bitng fnte i The
plugs in conjunction with the uniquely desigued deformable cireomferential apron of the vim
wells altows for the mouthpiees devies o closely adapt the wpper and besar abvesdar gom ridges
and the distal e teeth (right and left side) creating an intimate continvons or selectively

sustaipable seal of the mouthpicce 1o these structures,

{71 The mouthpioce device also tncorporates in its middle tayer, mudtiple flow channels with
outlets and inlets and weliply heating clements 10 vartouns differant arrays along i3 vasious
surfaces whose temperators can be wdivideally comtrolled by » microprocessor wiit contained
within 3 coptrol unit. 1o some embodiments, these hvating clements may be printed chrouit
resistors. Metal pins may b connsioted i these ping, and the pin beads may come o contagt
with the reatment cavity, thus effectively wansferring heat goncrated by the resistory to the
weatment cavity and the treanment materisl contained within it The microprocessor unit can
coptrol electrical power, time duration, alarms, sensors, individual or multiple heat cmitting
shoroents, pumps, mtors, and other controls, Severs! difforst types and sizes of disposable
customizable or stock separate g protector/gaand elementy can be jnserted o the mouth
prioy W inserting the mouthpioce and wed 1o conjunction with the device.

[O48] A pump component can be used 0 create & vacnum within the mosthpiece device.
Differing coucentrations of chemical whitening agenis can b pre-hedted ' a specific controdled
ternperature i a disposable heating chamber and then delivered in a contralied manney vig said

disposable pump and 3 st of disposable flexilble tubing comected (o the momthpivce devige,

9
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Prassure sensors wo indegrated inte the syatem o monitor volume sad Bow rate of the gel and
vacurs seal integrity of the wouthpiece 1o the ool The whitening ged agents can similarly be
removed frony the device’ in & controled manner by said sysiem. Sindlody, fresh water van be
deliverad o and removed from the monthpizee device in order to rinse or flush sway any

remaining gel residue frons the tecth and the nver swrfaces of the monthplecs.

049 To achieve the above, a8 modordriven rotsting multb-position flow  cootrol valve
incorporated into the pump and controlled by the microprocessor of the control snit allosws for;
1. the oreation of a contimnies or selectively sustained vacuunm in the mouthpiece 2. the delivery
to the mouthpiege, and removal from the mouthpiecs of the whitening gel 3, 8 wgue “clossd-
cironit” stesdy or pulsatils dynamic Sow of the gel within the moutlysiece & delivery and
removal of watsy (o the mouthpisce to effedt 3 rinsing or flushing of any residual gel from both

the teeth surfaces and the tnner surfaces of the motthplsce,

{0301 An optional tooth shade mateling scasy wnlt 1o weord pre and post-reatmend tooth
shade values may be incorporated fwto the control wmt, Addittonally, a removable band with a
sensor that is conngeted Gy the coptrod unit and which neasures cerfair visal signs Guch a3 the

pulse rate) of the patient may be connected o the patient & monitor the Comfiat level of the

patient threughout the teatmient;

[G31] According to various aspects of the invention, the devive for providing a dental westment
muy include a deformable g sealing portion for covering 4 gumy o distal tooth sealing poniios,
whereln the gwo sealing portion and the distal tooth sealing poetion deflue 3 gap between st
feast a portion  of the device and  the tonth  over  which it hes;  and
at fexst one flnid condult portion for passing a fludd to or ont of the treatment cvity ] whersin
the placement in a patients mouth wver 3 phoality of teoth the gom sealing portiim contacts and
deforms against-a gum of the patient for forming imtimate contact with the gum, and the dsial
tooth sealing portion deforms sgainst distally leeated for substantially defindng a seal at the
distal tooth, so thin s fuid can be mtroduced, removed, or both from the teatment cavity while

maintaining & seat with the deformabie gom sedling and woth sealing components,

BRIEYF DESCRIPTION OF THE DRAWINGS
(521 The priveiples and operation of the system, apparatey, and method according o the
present mvention may be better andirstood with referenct 1o the drawings, and the {ollowing

description, it behry understood that these drawings sre given fiw ilustrative purposes ouly and

;~.
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are not weant 1o e liting, wherein:

{033] FIG Ia i3 a top view of an oxample of & mouthpiess device 1, dccording o soms
smbodiments, wherein is depizted a-dental arch shaped vavuam Formdng Tayer, comstructed $romn
flexible material with compressible rims designed to form a irsatment civity over the upper of
fower teeth angd guny vidges:

[034] FIG 1b s a boltww view of an cxuwmple of a scuthpiecs device 1, according to some
gmbodiments;

[055] FIG v is an addivonal view of an examply of o mouthpiece device |, according 1o sonw
ambocdtiments;

(3361 FI(y 20 is « front view of an example of a mouthpiece device 1, acoording to sove
ecaodinenty;

[O57] FIG 2838 astdeview of an example of 2 mouthpiecs 1 sccoding o some envhodiments;
[038] FIG Zo s atop view of an example of o middle faver, socording to some envbadiments]
[039] FIG 2d 38 a2 bottom view of ap example of & widdle layver 4, scconding o some
smbodiments;

(0607 FIG 3 i & oloss-up top view of an example of an auterior segroent of the middis layer,
aceording fo soms winbodiments;

[061] BIG 4a & » front (abial) view of an gxample of a mihile laver, avcording to some
emnbodiments;

[062] FIG 4b is aw inner (ngoad) view of FIG 4, according to some embodiments;

{0631 FHG 4o wwoa front (abial) view of an example of the device plates and tayers, according
to sne enibrodiments;

[004] FIG 3a s a vertical stack blow up front (hugeal) viow of oue possible embodiment of
comnponents which comprise the double dontad arch mouthpiecs,  scconding to somas
gpahodiments;

{3651 FHZ 5b iy & veriead stack blow ap back (hagualy view of FIG 3a whersin are depicted
the components which comprise the double dental arch mouthpiece,  avcording o some
embodiments;

661 FIG fa i an inner (ingual) view of an exanph of s mounthpiece device, sceording o

sinas ambodiments;
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{067] FIG &b Hlastates 8 wiew of FIG Sa where' d distad cross-sectional vartival shice of the
mwouthpiecs divies hag heen ke, aceording o s embodiments:

. N { vy
)p‘

(0681 FIG de depivts FIG 6% wherein the upper 7 and Iower & distal plugs have been romoved,

avgording o some enbodiments;

(0701 FHR o¢ i an angled fronl view of the mouilpiecs device, acconding © some

smbodimenis;

071 FIG 7 s an iover (inguad} elose up view of an sxaople of & mouthpiere, according to
aomme embodimendy

{0721 FIG Ba i fromt (Qabial) view of an sxample of a mouthplece,  according to some
entbodiments;

{0731 FIG 8b is a close wp nner side (facing the sweface of the mouthpleze, acvording to some

smnbodients;

[674] PIG Bu iy a close wp outer (facing away from the surface of the mouthpicce 1 not

depicted) view of the guick attach connector, acvording & sume cinbodimnents;

[0781 FIG 9ais an angled view of one side of wy example of » pumip mechanism assembly,
according 0 sume smbodiments;

[076] FIR 9b 1 an angled view of the opposite side of FIG %, avcording to some
smbodinents;

0777 FIG 9¢ s 8 top view of the pump mechanism assembly,  according 1o some

ambhodimens;

[O74] FHG 9d s a frong view of the pump awsembly, aecording to some embodiments;

[O76] FHG 10 is awpflront view of one possible embodinmat of the contred unit, seoording o
soms grnbodinents;

{801 FIG 11 s a topfhack view of the vontrol box 30 and the battery pack charger unit 52,
acrording to some embodirsents;

[US1] FIG ¥2ais an outer swrface (hattam) view of one possibde embodiment of the apper gum
gasted,  seconding tesome smbodimes;

HOR2] FIG 12b s an ey surface (op) view of FIG 128, scoording o stine embodiments;

83 FIGH e $s ap ouger surface (fop) view of one possible embodiment of the Tower gam

2
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guad, sccording to some embodinents;
{0841 FIG 12d s an inver (botiom) view of FIG 2o, acoording to some embodiments;

(0B8] FHG 13 88 g front vertically stacked view of the upper gum guard 59 and the fower gams

guard 8, aceording & some embadiments;
IO86] FHG 130 is a front view of the apper jaw, according to some embodiments;

[O87] FIG 13c is o front view of an example of & mouthpiccs device { inserted between the

wpper 24 and lower 2§ jaws respectively, scomding o sorae emnbodiments; and

TO88] FIG 14 is a flow chat describing an example of g provess of implementing & tooih
whitening treafment ssing & mouthpiere dnd associated components ax desoribed hergin,

according wsonm smbodimeants.

[O88] I will be appreciated that for simplicity ansd clarity of Hustration, slements shown Gt the
dyiowings have mt necsssivily beor drawn 1o seale, For example, the dimensions of some of the
slements may be exaggermiad relative to othor slowenty for clasity, Ferthermore, deram
quantities of elements bave been depleted, 0 accordance with speciile embodimenty, oweyver
other embodiments may be provided with fower or move elomests, such as boles, pins; heating
clementy, tuhes ete, Further, where considerad appropriate, refersnce gumerals may be repeated

among the drawings {0 indicate comesponding or myalogons elements throughout the serial

views,
DETAILED DESCRIPTION OF THE INVENTION
{0807 The following description I prosented W enalde ope of ordinary Skl in the art o makie

and use the vention as provided in the context of a perticular application and it reguirements,
Various modifications o the deseribed sibodiments will be spparent to those with skill in the
art, and the general principles defined hereln may be applied 1o othet enabodiments. Thersfore,

the present wveniion 18w fntended o be lmited 1o the particular erpbodiments shown and

described, but 38 0 be accorded the widest scope consistent with the principles and novel
foatires herein disclosed, In other instances, well-koown methods, procedures, and components

have not buen described i detail so a5 not 1o obscure the present venion.

[081) Proforred dental treatments cmploy one or more chemicaly, such as peroxides that whiten
the teeth by ong or more chemical reactions. BEmbodiments of the present hirvention ensble

increasing the efficiency and effeciivensss of the dontal freatments, by wsing € vavuum © oreats

13
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& staled treatmoent oRvity oF sone where freatiment materiads may be sptimally sppdied, and me
also by prevented from escaplsg ouiside of the sesled tentmeent cavity, Nowdlimiting
embodiments of the invention fnchude a dentad treatrvent device, method and system, such as for

testh whitaning.,

[092] Embodiments of the present invention incorporates fosttmes which  take  into
comsideration one or any combination of the advantages sud disadvantages listed above for the
e deseribed treatment nethods (such as power in offive snd home costom ey wihitsning) and
materials cwrrently in use in the demal fleld. Bnbodintents of the present Invention include a
dental treatment niouthpiece tha roay include & single or double dental arch. The mouthpiece
mray be used for providing 8 whitening treatment. The mouthpiece may include one or move
dental cover layers for covering the bpper teeth andfor the fower weth. A dental cover layer

preferably nan arch, such as 3 dental arch, configured for fitting over either the bottom teeth or

the wpper testh, For example, the mouthpiece reay inchuds an upper deatad cover laver and &
fower demtad cover faver (f.g., the mouthplzsee way nclude & double dental arch), The dental

eover layer may bave a destal arch well that covers the et A particulavly preferred

mouthpdecs inclades two dental cover lavers, sach having o dentsl meh wells, where the two
dental cover layers are co-joined to create s single devige. It will be apprecisted, accouding &

the tzachings herein, two cosjoined dental covar lavers may be joined vig one or more additional

Lavers, such as one or more trestment supply layvers.

(0931 The mouthpivce, scomding to some ambodimants of the present Wnvention, allows for the
pse of generte or stock mouthpleces ia patienty, sach that the varlable widihs and lengths of the
patienty’ foll dental arches can be handled, without the pesd to fabeicate a custwn made
monthpiece for each patient. When wing sueh stock monthpivees, enmbodiments of the presem
invention enable the madntenaiwe of & contimous sesd of the mouthpiere to the given dental arch
onte: which it is placed. The distal plugs e highly deformable a0 that when the patient i
instracted 1o bite down into the mounthplzes, the plugs will readily diforo around the coronal
segmeniy of the teeminal teeth. Thiy Intimate it of the hmproved mouthpiece of the presest
invention © any given demtal arch i imdvpendent of the lengil and width of the déntal arch to
which # is {o be Hitted and independent of the position of the right or left terminal teeth of any

goven demtal areh to their rospective retrosmolar pads.

(0941 The device, the deotal treatment mouthpiere {e.g. the whitening muuthpices), or both
muay be rensable or disposible after a single wse. The mouthpiece may be construcied dn varlous

generie or stock sizes (e, simad], mediom, large, sxtra-large) of may be vustomized, for hoth

o
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the upper and lower tecth. The monthpiece may inchuke one of more heating elomenis for
heating 8 dentad trestment Thod (g, & dental treatment fhidd sultable for chemically whitening
reth), for hedting s zone of the dental cover fayer, or both. For exgmple, the dental tsatment
movthpiece may have a plirsiity of 2ones sach beated by o different ket elenunt, Bach zoue
may be heated to the smme teniperature so that teeth recnive the same dental peatment. In
vations aspects of the Invention, two o more zones are heated to differsnt predetermined
lemperatures 50 that teeth receive different toatments. The use of different prodetermined
temperatures may beneficlally rosult By teeth having & more uniform voloy {s.g., betwesn

differsnt teeth or between different reions of the same tooth)

{3957 The devicr may be enploved i a systemn inchuling one oy more conmtrad wits; such as a
contred unit including 2 ndoroprogesser. The control ahit may be an oxternal contied vait, The
control the control wut may control the fomperature of ong or more hesting clpments (e, so
that mudtiple zones have a predetormined tempersiire that may be the same or different). The
comtrod undt way comrol @ mouthpiece having a double dental areh sagh having # dental arch

well sothat the simultancous whitening of both the uppoy and lower teeth ars controfied.

{86] An avch of the dentd mensthpiecs (g, sech awh of a co-joined double arch
mouthpisce) preferably Bax a dewdad cover laver with sn archeshaped well o other design
suttable for fornmng o treatment cavity that iy contain one or more dental treatment Thads, For
sxample, the welshaped well may eontdin a dental fhdd that includes a predstermined
concstration of au wetive ingrediont. The active ingredient may be any cheodond that e suitable
for whitening teeth in silue A particularly preferred active ingredicnt includes ong or mose
perogides. The two deotal cover layers of a double srched mouthpiece may have wells that
contain the sume concentration of active ingredient or different concentration. A single wall may
have sudople zones or regions with different comcentrations of an active ingredient. I will be

appreciated that the wmomthpiere acrording to the teachings herein may by employved for
providing large differences i conconwrations of a whitening agent. The difference in
conentration 1o the active wmgredient {e.g., the whitening agent, which may be 4 peroxide, Such
ar hydrogen peroxide) between two dental cover lavers andfor between {two zones O reglons

25% or miore, T will

raay be abowt 0% or miore, wbout 5% or more, about 13% o suore, o sbow
be appreciated that even larger variations in concengrations may be smploved according o the
teachings herein. For exanple, the difference fo the concentration of the active ingredient muay
b about 358% or more. The active ingredient may be sofivated or have a reactivity that is
ptherwiss accelersted ov potentiated {e.g.. catidyred or otherwdse) by heat. The treatment fludd

{e.g. the teament fuid including an active ingredient may be defivered vig 2 pumping system

P
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(=g, st automatic pumping systeamd, vig 8 vacuum, of botl, into the well seclions of the
monthpece, Preferably, while in the well, the treastment floid sobstantially covers the natoral
crown portions of the teeth {e.g., the teeth subject (o a teatmsnt), Alwroatively, while in the
well, the teatment fluid sebstantially covers that postion of the gum dissue swrounding the

crown postions of the teeth (&g the guvos subisel o 8 reatment).

{3971 The sealed vompartment e, sealed teatmient cavity) around the iseth formed by the
wedl of the destal cover layer may be amp’ioyeﬁ for delivaring due or hore freatmont materials
to the erown pertions of a plarality of tecth. For example; « sequence of tvo or more sHifferent
teatment flulds may be passed throngh the sedled compartment. Withouwt lmlation, the
geatmoent fhaids may include due or move preparation fuids, oue or suwe active eatweny Thads
{2, ong o more whitehing treatment Thiids), one or mors neuwalization Suids, one or mare
rinsing fhitds, or apy combination therof, Proforsidy the trespment Hoids include oune or more
whittning teatroent fluids mud one of more tinsing fhads, The whitening treatment fluid may
modode any ot Known active andfor aay nowactive ingredisnts for whitening testh, Withom
limitation, thy whitening treatment fluid may nclede one or any combination of the features of
she fluid compositions described in US. Patent Nos, 7189383 {ee wg., column 1, fing 2
through colonm 18 hoe &)y §770200 {sex ey eolumn 2, line ¥ through column 8, Une 35,
5. 746,679 (see og., volunwy 1, Hue 13 through cobwmmr 11, line 18) 5668934 (see oy, columm
1, fing 33 through colwon 16, line 10) 7600100 (see o, wolummn 1, Hae 11 theough coluam
16, Hme 8y US Patewt Ag}pﬁcm‘i(}n Pablicatton Nos. 20084163812 {see s, parsgraphs 11
through 165) 2005/0214720 (sse 0.2, paragraphe 10 theough 102); and 2004/01850 3 {see g,
paragraphs 3 through 1530} each incorporated herein by reference. Awy of the trestmont {loids
may be a liguid thar flows under gravitational forves, or & gel that does not flow under
gravitation forces. The weatment thiid preferably can be pemped andfor fows ander & vicumm,
Prefedably any toatment fluid that may be damaging to soft tssee of the oral cavity {e.g., gums
or ather soft Ussoes} is in the form of & sufficiently Mgh visvosity flaid or gel so that the fhad
dues pot flow out of the sealed compariment sterounding the eath being teated. For exampls,
such treatment flubd may have a viscosity of about 9.1 Pass or nuwe, shout 1.0 Pass or mune,

about 1D Pass or more, sbout 100 Pars or more, or about 1000 Pass or move,

[098] Ome or more of the weatment fluids may be heated for decreasing the viscosity, for
wereasing the reactivity or both, For example, increasing the tempenature of the reatment fluid,
such-as o whitening agent (hersinafter veforred o as gel, although Mgh viscosity flwids may be
employed scconting o the teachings hereiny may inersases the sate of peroxide decomposition

o oreate axygen free radicaly frinn the gel and 50 may increase the resultant whitemng effect In

&
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the cramel surfaces of the teeth. OF course, other trediment mterisls may b useds including
wator, salt, gasses, chemicdl andfor hislogicsl medicanent solutdons, or other waterials,
conmpoonds ete. Bach well (s, arch-shaped well} of the dental covering laver may condain one
or yoore inlet holes (8.6, one or wore inlet hodes o each of the rght and lef sides of the arch)
for the delivery of reutnient materials into cach well, as well as owtlet (e, drainage) holos (e.g.,
cithey anteriowly of posteritrly) for the removal of reatment materials from cach demtal avch
well, The devies may inclhude pnltiple hewt sraitting clesvenss srronged and controfled insnch g
way that the control enil {o.g. the nderoprocsssor comtrol unit) independently contrels the
temperatre of sach heat emitting element 5o a8 o oreate separately controlled whitening
“ronss” andéor g predetgrmined pattern of custom whitening, The temperatire control preferably

is sedected based on one or more charsctoristion of the patient {e.g., the sl color andfor the

wtial color varigiion

{099 The components, devices, systess and methods according to the teachings herein may
sdvantagesusty be emploved in acosiorated dental treatmenta, such as an gocelorated whitening
troptinent, By saploving o gsatwent fuids {eg., a whitening fuid, such ay 3 whilning gel
having a bigh temperature, having g high concentration of active ingrediznt (such as a peroxide),
or both, the rate of whitening may be Wwerzased o that e treatmend is aceelerated, Bt will be
appreciated that the whitening treatment may be achieved without the need for photadynamis
therapy. An accclerated devdal treatment way be accomplished by hemting the dontal wreatment
fluid. Althoogh roonr wmperature reabment may be emyploved, some or all of the treatment fiuid
preferably is heated 1o a wmperstary of about 27 "C or move; more preferably sbout 30 °C or
morg, even mwe preforably about 34 °C or more, oven more preferably about 38 °C ar move,
evan niowe preferably about 42 °C or more anpd most preferably about 46 *C ar mowe, OF course,
higher or lowser lemperahues may he osed ax may be noosssary, The freatment flaid in the
tregiment rongs {Le., in the sealed cavity formed by the deotad cover layer) may have a generally
uniformy femiporature o may have varyiog lomperatmres. A ompersturs differemtid may
advantageonsly b pmpldyed between two zones so that the two zones have differant treatonent
rates. For sxample, two zones within o seaded cavity msy bave a sufficiently  difforent
formperative 3¢ that the vatio of the whitening rie 1n the first zene o the whilening rate n the
second zone i about 1.1 or more, preferably about 1.3 or more, mote preferably abowt 2 or
oz, and most preferably abowt 4 oy more, Of course, different whitening rates roay be usod s
may be neosssary. B owill be sppreciated thit similar increases i treatment vates may be
achisverd using lgher conceniration of sctive ingrediont in the weatment fluid in one or more of

(2.2, all of} the Goatment zones.
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(0100} The devices and systems avtording fo i teachings hevein may be used in 8 process that

aline} color chargcteristiex of the

weludes 8 step of seaswring o natursd pre-treatment (e, basg
different teeth of & patisnt. 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 {0 the teachings bersin, the

patisnts having vaiability in natural prevtreatment thaselined color shade vidue of the different
feeth for veducing this variation. I vaious sspects of the prosent invention, the ability 1w
achiove a more gniform final whitening (e, resulting coler) is achisved by controlling the
termperaturs and honop the oxidative activity of 3 whilening gel v g plorshity of zones argas of
the mouthpiccs device (such as varous yones of the dental cover layer. The control of the
variony zones may eifect a varying change v color (ng. intensity of whitening) of differemt
toeth, difforent sefaces of the testh, or both, The heating sloments muy by positionsd i various
focutions of the nwathplecs 1o allow for the sepante and differcutial heating of the differemy
surfacrs of the teeth) forated In cach xone. For sxample, the positioning of oine or more heating
slements may be seleciad based on the weaswred color anilor eodor vartation. Une or muowe of

thete features may be emploved to achieve a more vaiform finad csthetic whitening gesult

{O101] The use of 2 conroller capable of sepavately controfling multiple bostment zones of the
mouthpiose (0.3, whitthng “zones™} s otherwise effscting palterns of whitening within euch of
the dental vover layers of the mouthpiece may allow a deutist o costomize the whitening
process based on the patient’s individual seeds. The controtler may allow a dentist to provide the
castomized treatment in an avtomated maner

[0102] The dental cover laver(s) preferably has x cirowafersntial vim formed of a suffictenily
soit waterial and arranged »0 that the sim will compress and deforms o 5t snugly sgainst the
sides of the abveoly gum ridges of the apper and lower jows, The fims may thus create 8 sealed
savity {g.g. formed from the well of the dental cover layer) with the erown of the teeth

contained within the cavity,

(0103] The mproved mouthpiace of the present mvention may Meorporale one o puwe aly
hreathing vents, Proforably, the breathing vents ave designed to penotrate Guough a treatsuem
sapply layer of the monthpiees without comprotising the ability of tis teatment supply aysr
o How one of more treatment matenals o the wells {o.g., archeshaped wells) of the dentd
cover layers, without compronusing the ability of this weatment supply laver o drain one or
e weatment Puids fron the dental cover layer, or both, For sxample, the breathing vents may

b integrated Into o teatment supply layer in a manner that allows for flow of one or more

I8
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treatmany Thads into and out of the mouthpizce.

fO104] The sealing rims, prefersbly wade of 3 soft deformable waerial, may have & unigue

structural shape, such ag a shape tht forms 3 highly deformable apron or clreudnr ook design
that acts to seul the mouthplecs device {o.z., the dental cover layer) of the present invention to
the alveoter gom ridges. The sealing preferably may be partially or entively accomplished by a
patient biting down onto the monthplece. The scaling rine may effectively seal the well of the
demtal cover layer so that the treatment materials {i. the treatment fuidsy delivered 0 the
nrcwsthpiecs are provented from leaking soio the ordd cavity, The sealing may be partially or
entirely accomplished by the application of @ vacunm. For example, when s vacumn is applied,
the sealing rims may be secked up against the sids walls of the gwo ridges. A trestment fluid
that is puraped mo ¥ sealed well of a dental cover laver preferably contacts the respective teeth
on the front swrfacy, the top swiace, the back swrface, o any combination therenf. Mo
preferably, the treatment fwd contacts the weoth on the front amd biek surfaces. Bven more
preferably, the geatment fuid contscts the feeth on all of the exposed surfaces, The sealing
effect of the highly deformable apron and/or sealing rivo may he aveomplished or enhanced by
the ahility of the treatmont system 0 remove {e.g., stek ont) the air within the mouthplece
aiilizing wn extevoal pump o opder © achivve & vacuomt seal of U mouthpiece. to the upper

sdfor Tower slvaokar mon ridges of the ypper andfor lower jaws.
- Loy i RL

[G105] Drae to the fact that there is great varistion o the length of the deatal arches hetween
mndividuals, it may be difficnit or sven impoasible 1o effectively ase o generie stock demtad weh
to seal the reatmost ssgion of the well of the dentad cover laver. For example, 1t may be difficel
or impossible 1o sffectively aeal the arcax coresponding to the ternsinal right and/or left looth in
gy given dental sroh, Without a sufficient ssal in these argas, the teatmient {huid may
angdesivably leak out of one o e siddes fie., the right side, the left side o both) of tue or both
of the upper or lower arch well tuough these hwege unsealed openings. Such an wssaled
openings {Le., snsealed regions) may also provent the creating and/or maintaining of & vacuum
seal of the dental wells withowt providing for some means 0 seal off these open arsas. Forming
a vacuury seal between @ dertal cover laver and 2 sotro-modar pad may faee hordles snch ag
having 1o select or prepare & dental cover layer of sufficient kength and possible contact of the
soft tissue of the retrownolar pad with a treatment fHoid To overcome thesy obstieles, the
vacuwm seal in the rear of the deatad cover luyer preferably is made with & molar on sach side of
the dhatad arch. Although, this may Hmit the ability (o provide a dental trestment fo one oy mors
molars, thy aforementiveed benefits generally ovtweigh tds concern. Nevertheless, the need o

form 4 sufficient asal {o.g.. for maintaining 3 vaceum) may present parttoular challenges when
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seiling over a molay, Swrprisingly & sufficient seil has been achioved using a8 vuique distal plag

insert. To prevent such leakage of the reapment material and o allow for the ability io cromle and

maintdin 4 continaoas or selectively sustained vsotwy in the mwuthpiere, variows teachings of

the present invention may mcorporsts one of nore distal plug inseris {Le., sistal sealing plug),

The term “selectively sustained viousas” may refer o the sbility of « user or practitionse t©
determine how fong {0 matmiabn the vacuum, initiate and relesss vacuums muoltiple tmes in a
treatment ste, Preferably distal plug inserts are omploved with both ends of sach densal cover
tayer, The distal plag inserts may be designed and or posttioned o aniquely atiach o the rear
tefi und right ends of the well of the dental cover luyer Preforably, the distal pluy inserts
effectively seal thess operings. For example, the distad plug inserts may seal the openings when

the patient bites down onto the mouthpiese,

1067 The distal plug inserts ave preferably made of 8 material that & sefficiently deformable o
that an insert tntimately conours the variable tooth anatomy of ong or muore of the rear feeth,
such ag the vight and eft terminad testh (e, deqmsf the variability bevween different individeals
with respert 1o the length of thelr deotal arch). The distsl plug lnsat ny be made of a
polvmgric waterial, Preferred polymenic materials for the disial plug nsert are slastoameric so
shat after being defornied the dhstal plog fusat will generally return to s original shape. The
distal plug insert may be made of an eladomerie waterial. The clastomeriy matedal bave a
crystallinity of sbout 0%, however elastomeric materials having a higher erystallinity may be
employed (e.g. about 0.8 % or mom). Prefuered elastomeric materialy have a orystallinity of
abottt 15% or Jess, sbout 10% or lesy, or abowt 3% or less. The distal plug tnssrt may be made of
a foamed muterial, Preforred foamed waterialy have a close cell foam stractare. Typieally,
elastomesic materials have a glass ransition temperaturs of aboat 30 °C o less, sbout <10 °C o
feag, or whoul 40 °C or less The elastomeric material preferably has o sufficientdy fow
durometer s that the distal plug insert cany be deformed to conformy @ a sorfacs of & moka, The

slastneric matesial preferably bas a Shove A durometer of about 68 or fess, more preferably
about XY o less, even more preferably about 40 or less, and most preferably sbout 30 oy Jesy,
The elastomeric material of the distal plug insert may have a sufficieatly high durometer so that
the insert doey o tear during storage and ose. For example, the Shore A hardness may be ahogt
2 or more, abowt 5 or more, or abont § or move. The elasiomeric material preforbly is
sufficiently cored so that material doey ot flow, The clastomeric muterial may be formed of any
polymer, such @« polvmer weluding carbon backbone or a podymer ncluding & silleon
backbone. By way of example, the slastomerio materiad of the distal plag insert may fnchuds a

siftcome rbben such as an RTV silicons rubber capable of valonuzing at voom mpsratine, or

20
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an HTV silicone rubber capable of suwlomnizing 3 ong or wowe elevated temperatures, The
clastomerie material may prevent the neesd o remove restdead material after providing a dental

sreatment, such as required when using wax oy other moeldable materials, Ax such, the distal plug

58

nsert may fanction wihout the pexd for & moldable material. The clastomeric material may be g
generally solid material (Le., having a void content of about 1 volume % or leag, about 3
vohune % or less, or about 1 volame % or less) Such matertal may be sasentially five of, o
entively free of voids, Sultable clastomeric matsrials may be a cellolar material, such s 2

material having an open cell foam stracture, 3 closed cell fomm strucidre, w both.

{01071 The distad plug inssrt preferably has 8 safficiont width so that itoapable of Tornvng a ssal
abimyg e top swface of a molar going from the back of the tooth W the fromt of the tooth. The
dintal plag insert preferably bas s sufficient longth so that it will generally seqd at least one wolar
fr an individodl, rogardless of the lengtly of the individeals dental srch Yength, A Tong distal plag
nsert miy siso snable foroiag a seal in individuals who have undergone a molar sxtraction. The
fonzth of the distal phug sert preforably 15 sbout 2 mm or mors, mors preferably aboat € mm
mors, even more preferably aboot & mny or more, oven nwwe preferably about § mm or wiore,
and most prefevably about 1 o or more. [t will by appreciated that the distal plug insert may
he ierchangeabls so thet g distad phuy insert of sefficient longh andfor width may be selecied
for providing optimad sealing based on one or wmore featutes of the patieaty” dental arch {sach s
tis lengthl.

(O8] Bach dental woh mensthpisee deviee includes dne or wore treatsnent supply lavers, The
reatment supply kiver may provide one or more trewiment fluids o a dental cover layes, may
provide heat 1o a dental cover Iayer, wr both. I the mouthpiece includes twis dental cover layorg,
sach dental cover layer moay be bave a separgte geatment supply laver, or a single tentment

supply lyer way be cmploved for both dental cover layers, Por examiple, o singly trestment

supply laver may be positioned botween two dental cover layers. The treatmient sapply layer
may contain builtdn fow chamels or tubes capable of Nowhig ons o newe freatment finids. The
flone channe! or iubes of reatment supply fayer preferably course thvooghont this layver of the
mouthpiese, The teanment supply laysr preferably has one or more (6.8, twis or more) inlet
holes for deliveriag & Tud to o wall {e.g, senlod cavity) of & dental cover fayer, The tregtment
supply Jayer preferably has one or pitwe {e.g, two or more) vatlet holes for rewoving a fiuid
from o well {org, sdaled cavity) of a dental cover layver B will be approciated that flow directions
may be changed so that an outlet hole can function ax an infet bole, so that an dulet hole can
Function ag an outlet hole or bath, A treatment supply layer that services upper and lower dental

cover rvers may bave (1) tmeoor more holey {o.g., inlst and outlet hoden} in the floor of the
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treatment suppdy ayer for providing o Haid compunsication with the cavity or well of the densal
cover tayer of the lower ieoth; angd (2} one or more holes {8z, infet and outlet holex) in the
cetling of the treatment supply laver for providing » fuld commumeation with the demial cover
layer over the upper weth. The flow channely or tuhes preferably tansport and sabstantially

venty distributes oe or niore reatment fids to the dental covir fayer. The testment flaid may
b any art keown geagment fluids, saek as desoribed herein, For example, the treatment flold
may inclede a whitening msterial {such as & gel material), watsy, aly, medicingl materiaby,
therapautic materials, cleansing materials, rinsing materials, or any combingtion thersof. The
treatment supply laver may deliver one or any condsination of the treatrest Heids o the wells
{e.g.. the dental arch wells) of the dental cover layer, As such, the wreatent sopply layer may
effecthvely bathe one o more {e.g., all of the surfaces of the tweth i the well and covered by
dental cover layer(s) with the whitening ged or other treatmeny nuterkils, Preferably the channeds
or tubes ave capabls of delivering anddor removing a pluradity of treatment Tuids, such as water

OF ]I,

(9] The components, deviges, systems, and process sooeding to thewachings horein may be
enployed in g dontal reatment for providing a treatmentt to one or mewe teeth, i providing 4
geaument o the gums, or both, These components, devives, systems, and processes may find
applivation in tecth whitening; anmtihioti treatroent, antimicrobial freatment, fleoride rostment,
or any copbination thereof. It will be appreciated that other applicatons in the Held of dentistty
may find wse of the fostures according to the teachings hevein. The dental trestiment may be a
generally shovt treatment, such a8 for about 10 nunetes or fesy, o way be & generally long
geatroent, such as for greater than 10 minotes, preforsbly sbost 20 minwes or mork, mor
preferably about 30 nubuotes or duwe, B will be appreciated that the duration of the dentd
reatment will typically be about 3 hiours or lesy, e prefesably abhout 2 hours o ess, and wost
preferably about 1 howrs or less, Dental treatioents of duration greater than 3 hours are alsn
anticipated (e.g. from sbout 3 houry 1o about 8 bours, such @ duving the night sleep hiaws). &
vacwont may be applied to the dental cover layer for a substantial portion (o5, at least 50% of
the duration, at least 70% of the duration, at least 805 of the dueation, or at least 205% of the
duration} of the trestment lme, The dental cover component surprisingly i capabls of
miiotaining s vacuum for such long duralivns even when the demtal cover component is i stock
eenerie cover {Le, ot a custom made coverh

[OHH As menttoned above, secarding 1o some embodiments, a demtal treatment systim
sy include & pumping component for pumping one or more trestnient Hloids. For example, the

panping component may be o fuid communication with a mouthpisce according o the
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teachings herein. Prefersbly the pumping componentt is i fuid commuiicition with the
treatment supply laver of the meouthpicee. The system may inclads 9 contrel unit for covtrolling
the puraping component. A puiping component mdy he incorporating inde the housing of an
external contrd unit of may be & separate slemant. The pumiping component may mourporite a
heating chamber for pre-hesting the treatment fuid o one oy move predetermined temperatiyes.
For example & control unit ineluding 8 microprocsssor may mopilor and/or contrsd the
temperature of 1 treatment fuid. The control of the temperaiure prefierably emiploys a feadback
toop, Using the temperature contral, the tlempersture of & trestment fluld being delivered o the
sowthpiece gy be controlled. A heating chamber may advantageousty enables g practitioner 1o
withzg @ whitening Oaid {e.g, a whiteniag zel} Innnediataly from storage, and thas oliminate the
needd for a step of defrosting the whitening fwid, 8 step of warming the whitening Quid, & slep of

preparing the whitening flaid for usage in o dentad freatment, or any combination thereof, Ag

such, the dentad treatment processes acoording o the teachingy hersin sy be e of

eranbination o all of the aforzmentioned step.

[O111] The woatment delbvery systenn may include one or sve control valves, and preferably
one or pore mitd-posdtion flow connrdl valves, The mulii-position Sow contid valve preferably
i in flaid comumcation with the pumping componend, Fovr example, the control valve may be
meorposated into the pumping wat, However, 3 contred valve wmay be posttionnd ootside of the
pumping snit. The contrel valve may be manually opotated or may be operated automatically.
For pvample the control valve may be motor-drivess, mway be controlled by g contrelies, of both,
The mudti-postion valve may rotale o differont positions, wherein cach position of the valve
ablows for differsat Hlow routes of reatment materkals through the Hlexible wbing of the system.
The valve may be rotated by being siigaged by a drive shaft of & motor that is controlied by the
microprecessor anit, of by other feans. For example, the microprocsssor wmay contiols e
rofational position of the valve and thus allow, depending on the valve™s position, different How
patierns. Examples of flow patteros that may be schieved using a control vabve inclader 1,
providing & fhitd conneetion batwesn 4 vacuwm Hoeand 3 the moutlpiese for the remonval of the
aiy froam the woothpiece, for creating o vacanm seal of the mouthpisce w the gam ridges, or
bethy 2. providing w flnid connection belween i treatment fluid and the mouthpiere for

"

delivering the treatment flaid to s sealed cavity (8.2, a souled eavity Trvmed by 2 dental cover

¢

Tayer): 3 removing 8 treatment flaid froo the mouthpiece: 4. Creating 8 “closed eircait™ flow of

# treatment flodd within the wmouthpieee (oog., whare the flow Is & dynamic tarbulest of 3
convegting typo low) § providing a fhad connection batwesn g rinsing fluid {such as water, or

A water solution) and the mwuthpiecs for the delivery of the duaing Haid and removal of the

| 2]
b
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rinaing lwid from the monthpicee {o.g, in oider to rivse or flush a westmient fTuid from the testh
surfaces and the inside surfaces of the mouthpiesel, and providing & fluid connection betwesn 1
newtralizing Guid and the mouthpiecs for the delivery of o nentraliving fluid o the mouthpisce
for nenteatizing 3 treatment Huid. Owe or any combination of the aforementioned steps may be

controtled by & single control valve, or by a plurality of control valves

[0112] The olosed circuit flow mode may allow for the weatment fluid to circulate in the
monthpiece device of the present invention, This Jow can be continuons or sporadie {s.g,
pulsed or intermitterdd, For examply, when whitening fhud is Howing i o mrbelont manney
within the sealed cavity formed by the dental cover faver, so thay the amount of chemigally

active treatment flutd thet contacis the enumel surfuces of the teeth is greatly increased
comprired with the case where the trestment floid is deliversd ido the mouthpiees and remained
statically in place during the whitesing treatinent, This convection type flow of the treatment
tlaid wround all the enmmel surfaces of the toeth inorsases the whitening potential of & fixed
volume of reatment fluid that is deliverad 1o the mouthpiocs. This i» exactly anslogons o the
higher heat fla when beating foods v a comrvection oven. For exanple, by flowing troatment
flid contiined in the mouthplecs device around the teeth in o turbolont rasvweer Just as hot air

%
£

flows i @ convection pvan), the system increases significantly the volomw of chemically active
whitening fleld, delivered to the wouthpiece, that can come in contaol with all the enamel
surfaces of the etk Increased volome of chemically active whitening flaid in contact with all
enamel surfaces of the teeth resulis tn sgnificantly Increased whitening effedt of the Suld o

all these enamed surfaves of the veth.

{01137 In another minbodiment, sporadically flowing a treatment fluid, such as whitening fhuld

{o.p gel), i the wouthpioce device allows for the {Tuid to seman stetionaey in one paticular

area or wone of the tray for a set perbad of tme dueing the veatment between active fhid flow
time periods. I0will be apprecisted according to the teachings hewuin that all or selected postions
of the treatment fluid, such as the static whittning Hluid in an arse ov zong, Ay then be Heated
by the individual heating elementis) to o specific teraperature. in that zone or ares of the tay
during this static fluid time peddod, Thiv may advantageonsly sllow for differential whitening
activity in each zone or avea for sach of these satc time pariods and so allows. for differential or

“eustonn” wittening of the teeth located in sach xome ov aren of the mouthpiecs davice,
{114] As mentioped above, the Pow of the tregtment fhild may employ a pump componert,
such as pump component controlled by & microprovessor, I8 a sporadic or pulsing munner for a

given bmerval of time. This may allow for alisroate static or convection How of the  testment
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materials (around the testh} for set periods of dnte o the monthpilecs devize,

{0115) The systems and miethody nny emiploy one or mors presswye sensors for measaring a
pressure ina tube, for measuring g pressure o a sealed cavity, for :‘nazwm‘ing a PIessurs iy a
fayer of the mouthpiece {o.g.. the treatment supply laver, andior the dental cover layer), or any
combination thereof, The pressure samor(s} may be incorporared into the oontrol unit. Pressure
sensor(s} may maonitor, for example, the degres of vacuom in the nicuthplecs, oge ue twore flow
rates, the total ameunt of reatment materials delivered into, or alismately, removed from the
monthpiecs dévice by the pump, or any cormbination theveof. & sensor may alsd monity the

flow rate of a weativent fhid during a “closad-cirenit” treatment eycle.

J0116] By maintaindng & vastuum seal of the dental cover fayer of the dentad mouthpiccs o the
alveolar sidges, the perosidase sazyme nstuedly fonnd in saliva are substautially or even
eutively provented from seoping inte or otherwise penewrating the sealed cavity, This nowvel
vacwn sealing foatire of the present invention may effectively protect the chemically active

weatment flukds, such sy whitening gel, Sum being chendeally desctivited by the salbvary

enzymg peroxidase, As the treatment Hudd's chemicnl oxidative potentiad s never substant

comprontised by the salive, the whitening result of the present nvention i enhanced.

[OT7] ¥t will Tarther be appreciated that 3 pumping component way allow for continmng flow
of a treatyment aid intodnd outof the wouathpiece throughowt the treatment. As such, fresh fuid
having full chemdeally setivity may be delivered and applicd to some o all of the enamel
surfaces of the teeth contained within the dental cover layer throughout the tatment. When
enyployed in & whitening treatment, this may stgnificantly fncreases the whitening result that can
he ohained in a set period of thwe of the pressnt invention comparsd & a static one-tinie

delivery of treatment matesials as s the case in Knows woth whitesing procadases,

[18] Acoording o some embodiments, fexible tubey woay be connected to the pumping
component from the fresh and spent treatment Hlald containers and a separate set of flexitle
tubes conneeted o the pumping component which in b also conoeet to separate inflow and
sutflow tubes integrated futo the front of the muuthpiecs. These inflw and ontflow wbex may
be fontber integrated tmo sn integead handle dexign of the meuthpivee device, Such a pump tat
may contact Huid baving beew i the sealed cavity may be a disposable pump so that aseptic
comditions. are maintained. The pamp may incorporate o looking and wnlocking attachment
fratwre fo allow for the guick attaching and detaching of the optionally disposabls pamp t©
SRgAZE & Motor o motors feorporated within the contrid anit. Alwrnatively, & pusp that pushes

the treatment fluid, such as 2 peristaltic type pump component may be wsed, Since thiy pushes

Pl
W Hy
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treatent flubds that are contalned within the tobing, it can he reusable ag it does pot come n

contact with the active eatinent materials,

[O119] The set of tubes from the pump assenbly o the mouthpiese dovice may be clipped via a
clasping devies or soull Harness 1o the patient’s clotiing, pationt dentad apron, or sonwe slement
of & dental chair or othey fixing point so that they any drag they create on the mouthpiece is
reduced or elindnated, s that the tubex are veatly organized, or both. The tubes and & power
cabile may be further attached 1o o quick-attach connertor which snaps into the integrated handle

of themouthpisce device of the present invention

fO120] Another aspect of the invention is divecied 8t 3 sepavate disposable pum prowecior
component. The gam protector compenient may be used with a dental wearment fluid, The gum
protector component may be onploysd i o provess of eating tecth with one or more Tuids for
witttening tepth. The gur protecior componen? may proavide o selficient basrier for the goms so
that highly active treatment Paids may be employed. The gum protector component may be
designed for insertion onto the atveolar gom ridge(s) of the upper jaw, the lower juw, o both,
The gum protector component preferably i inserted into the orad vavity priew o the Insertion of
the nucuthpiece info the wial chvity, For example, the gum profectors/guards may 3ot 10 iselate
both the wadillary and mandibolar gum Gesues from sven highly concentrated hydrogen

perogide whitsning gels that will be delivered into the well(s) of the mouthpisce devics, or other

potentially harmial weatment materialy. The gem protector component may sufficlently the

f‘@'-f.

gums so peroxide having & conventration of about 159 or more, about 25% oo swore, alwast 353%

or wre, of about $5% or wore.

{H21] The gumn profector compongent ny Be provided as kit incheding o plurality of different
size gam e protector components. The gum profector component may he sufficienty pliable so
that only a few different sized stiwk geveric g protacior componeats are reguived b et the
majority of patients. For exaniple, the kit may tnwiude gum protector components having gbout 2
or more different stock pouerie sizes, preferably abowt 3 o more ;.iiffemm sizes, and fpore
preferably abont 4 oy more different sizes, The pumber of different steck generic sizes preferably

ix shout 10 or less,

FO122) The sepurate snd disposabie gus protecior {Le., gum profecior dompanent, o gum guard
somponent) in one of fts srabodiments way be comprised of pwi tstinet layesy which can be
seeurely adhered to cach othet As an examply, the gam protector’s main body may be made of &
stretchable polymeric material, Preferred polymerte materials have an elongation at break of

about 158 or more, e prederabdy abour 200% or wore, and most proferably about 300% or

26
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more. Preferred polyimery maferials have 2 safficiently low tension et so that the materiad
recivers s htial shape after being stretvhed, For example, the wension set (medsured at soom
terpperatiry, 10 minuies after strewhing the material by 20050 way be asbowt 1% or less,
preferably sbhout 7% or less, more preferibly about 5% or less, amd nrost preferably about 3% or
less, The polyvmeriv material may have 3 carbon contiining backbone or a silivon containing
hackbone. The polymerie material may be an elastomer, Examples of shutoners that may be
emploved include silicons elastosmers, natural rabhberflatex materials, poly-isoprens, styrene
ftadiens rubber; SEBS mibbers, or any combination thaveof. The gem profecior component
may have g chemical voating or faver that has been applied and fized © one or mow of iy
surfaces. For example, & layer may be applied to the joner {proximal) susfaces of the pum

prtestor component, 50 that the layer I8 In contact with the g ssues,

{123] The silicons and or rubber body of the gum protweto/gused may be shaped to nuwror the
horse-shoe shape and ndge form of the alveclar gum ridges of the vpper and lower jaws s0 as

adapt quite closely 1o these oval strnoturss,

{0124] The bady of the gum protector/goard componsnt may be further modified o sllow for
ositiphy cot-oufs of varying diameters abd varving spacing between thean (fully oms ot or
performted for selective remenval)y along the ssctdon of said guard which mirrors the location of
the center ridge Hnes of the alveolar ridges and the teeth of the upper md Tower jaws. These eat-

ouls may mirror or conforny in thelr shape to the sealloped formdshape of the gune-lne fiter

dental papitia) of the testh to be treannd.

{0125} The bwer couting of the gure protectorfguard componsnt, a8 noted sbove may contain
vartons chenseal compounds such a8 & suger-based. gel of spray-on self~adhering costing whose
purpose iy fo provide a chemical neatralization of the active rostment materials, for example
poroside based whitening gol, and soact as a chemical barsior Yo farther proteot the gum tesues
fropy the treatment wmsterialy, Ay menttoned above, the gwn protecior/gerd may provide an
gffective bamier fo protect the gums tissues fom oven’ very high condentrations of teatment

materials, such ax, for example, hydrogsn peroxide whitening gals of 353% ot even higher,

&

{0126} The optionadly disposable gun protecton/gunard coraponent described above may provide
a flexible yet snugly fitting barcier to thie gums and alvedlar gum ridges that can be placed over
the tecth and gums 0 be treated. Whan positioned In a demtal arel in the mouth, the crowns of
the teath may protrude owt of the gum protecior component while covering the gouma. This fitted

barrier {the disposable gon protecten/guard componsat) is further shapaﬁ s as o alsn alfow for

a good T and sxal of the vingle or double dental areh mouthpicce dovive’s deformable wedl rims
27
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to the both the opper ol fower gwm protectosfguards. This allows for a pwd sesl of the
freatment flobd that is deliversd inlo e mouthpiece device and provents leakage of the
ratment materials from the mouthpieve device Into the oral cavity {while the gom goaed

protects the gums).

(01371 When the gom protecior componant is used with a dewtal treatroent layer, the seal of the
spacy arcamd @ row of teeth may be farther enhanced by the upigue deformable flap apron
design and iy of the dental vover layer of the mouthpiece. This seal tn conjunction with the
unigue distal sealing phigs, may enhance the ability of the pomp o suck out the-aly from the
mouthpioce and create an effective vacuon ssal of the dental cover laver 1o the outer side wall
surfices of the previtasly placed gum protector components, B will bi sppreciazed thitt s upper
and a lowsr gum profector compotent may be employed for protecting each of the spper and

fower jaw’s guims,

F128] This configuration and relation of these components to sach other fn the oral Caviy

effactively and safely isolates the various covcentrationy of whitening sgents apphicd w0 the eeth

from the soft Hssues {gumy, tongue, chocks, palate, oral mocosa) and so may protect these soft
tissues from the caustie effects of even highly concentrated fornudations of these chesiical

agents during the wproved whitening treatmont of the prosent invention.

{1128} Enbodiments of the disposable gum protectos/guard component adiow v adaplation by
the dental practiioner of iz shape o further adapt the ey adgey of tie mudiiple ut-outs o the
sasloped gum-line. Vieyiog the crossacctional thickness of the gum pretector/guard allows for
it to mainiain s shape (thicker areas) as well as allowing for thinner {taperad) edges to the cute

vty and flossing area strips of the gom proteciow/guard.

fO130] Thiy varying thicknesy design of the gam protectos/guard allows the operatiy to fold in
{using a dental hand tool) the thinter edges of the cut-oumts imo the pataral gingival sulous spacs
{oxuadly Goee millimeters deep in healthy gum fssue) that exists between the gumy and the toeth
as well as foss dnto the proximal spaces of the teeth the flossing area strips of the gum
protectriguard and so ey movids awo even wmore effective sdapration of the gum

profectorfgiard component to the gunt Ussees and 3 better seul betwseen them.

fO131] & mentioned above, other embodiments of the disposable gurn protector may also
include an inner coating which i self-adhering comting when placed In contact the gum tssass,
These coatings may inchude various medicaments or chemical compomuds for (herapeustic
delivery of these various medicamnents or compounds o the gurs dissnes. Furthsr cmbodiments

of the disposable gu prodectorfguard have wider demtal and medical spplications wherever
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what iIx knows in the dertal finld ay a “dvy Beld™ w requised or advantageous for a given
medival/dental procedurs. Said gum protector/guard van be utilized in many demtal procédires

as s replacement for what s commoniy Kaeewn in the deotad field as rubber dam,

{1327 Addinonally, s the disposable gum protecioviguard component is not integesd 1o the
applisnce, it may be provided I sevaral stoek sizes (o match 2 given stock sized mouthipiece
devics and so provide, withont the need to cusiomize the mouthplecs or gum frolector guaed for
cach patient, an effective isolation of the gums and other soft tixsues of the mouth from even
Kighly conoentrated formalations of treatment matorials without the need to manually apply &
hardendng foam material as iy in conumon wae inthe Curent professionally adiministered power
whitening procadures.

10133} Ay msotioned above, the disposable gum protrcton/guard may be 3 sumponent which is
ftself & stock Bom fabricsted in various stock sizes, w alornatively, it may be fabricuted a5 0

custom made device for sach pationt using molding and die technigues known i the field.

{01341 The single or double dental arch mouothpiece device may siso mgorporaie sa outer
thermal barrter fayer. Thix layer inay act to protect the pattent against the h(—:&t generated by the
activated multiple besting clements during the whittning troatment mothod of the present
Hiveion,

[0135] Ty seeordance with some embodimeits; an optional twoth thade mawhing sensor unit
may be Incorporated ito the cowtrel anit, which miay be weed 1o recond pre anlfor post-icatinet

tooih shade values,

3

(0130 B iv well known in the medical feld that pulse rates can be used to monitor
pain/discomion levels of a subjoct. An optional adjustable band may be placed on the patient
soch av @ wrist band which s attached to the control unil and which incorporates & semsor fiw
monitering certain vital sgns of the wser, such as the patient’s pulss rate, throughmt the

whitening treatment and thercby monitor the pationt’s comfort levels throughout the treatiment,

0137} Another sspeet of the invention s divdeted @ a kit including » ploraliny of mouthplees,
such as a phirality of mouthysieces soonrding o the teschings hersin, The kit profirably ncludes
stock gengwie {Le., not custom made] munsthpieces and includes monthpieces having different
siems, The kit may include mouthpleces having different widths for matvhing with moutls
having Jifferent widihsy of the dental arch {e.g, a8 measored botween corvesponding left and
right molarg). The kit may nchude mouthpizees haviny different length of aches. Bowill be

appreciated according 1o the teachings berein that the vae of distal sealing plugs may reduce or

eliminate the need for mouthpieces having different lngths, By employing a kit of stock generic



WO 2013/039906 PCT/US2012/054652

mopthpisces, the need for custoan productiony of & mouthpiecs (e, wing a dental mold

Hipression) may be climinated. The kit may Include pre-assembled mouthpieces or may include

stork gonerie dental cover layers, such as the dontal cover lavers scoording to the teachings
herein, The R say dnchede dental cover Bivers sultable for lower dental arches, suitable for

upper dental arches, ov hoth, The kit preferably includes dental cover lavers having diffirent
widths wse i individuals having dentad arches with differerd widths. The kit may include one or
e weatntent suppdy layers, such as 3 treatment supply laver according W the teachings hersin,
The weatment supply layer may be suitable for connecting with one or two dental vover ayers.
The need for dental cover lavers having different lengihs may be reduced or shiminaiad by
employing distal sealing plugs in the dental cover layer suitable for seuling the rear endy of the
dental arch. Prefegred kits inchude miouthpicces andfor denial cover layers having two or mare
different stock geuerie sizes, more preferably three or mors different stock generie sizes, and
seost preferably fowr or more different stock goneric sizes, The mumber of different sizes may be
generally luge, but preferably is about 2 or wore, mwore peeforidy sbout 10 or lesy, and most

preferably abeut & or less,

Treatment Method

[O138] A method for sxecuting 8 dentsl teaument is provided herein, sccording s some
cishogdiments, which may include ope or more of the following steps: pesidoniag 3 mouthpiece
including one or more dental cover layers over upper anstor lower tecth: and applying @ vacoum
to the dertal gover layer s that & sealed treanment cavity baving a pressure helow ambient
pressure s formed around the teetly and Howing ome or aieve freatment materials Wt the sealsd

freatmneTd vty

FOT397 In o Darther embodiment, 3 migthad for execating a tootl whitening treatment is provided,
whereln one or more of the following steps may be sxccuted: configwing a proveshuwe fir
stmultsneons customtized taoth whitening; ssiting up s 2 pumgs ny sl 0 comnect 4 8 mouthpioce
designed for » weth whitening treatmenty conliguring treatroent seftings on a Control device
coaplead o the pump miodule; positioning the mouthpiere in a patient’s mouth; applying & flow
contred o camse & vacuwm between the mouthpiece and the patient’s gum fidge anatomy;
applying flow control 1o automatically wanage delivery of materialy in sccwrdance with the
treatment seitings; and wsing How control Yo vemove treatinent materials from the mouthpiece,
OF vourse, other steps or comtbinations of steps may be used. For exanple, prior 1 o freatmens,

the baseline shades of the respedtive teeth muty be mcisured, 1o cnable custondzed treatment of

the réspective tegth, In sddition, dental impresstons may be taken to engble construction of a

3
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patient specific mouthplees. In some cases, o gum guard may be asad in addition 1o the
mouihpizce, which miay be 2 cwdtoanized or stoek type of paards Dy additional cases, treatment
msterials may be pre-heatad prior to freatment audfor may be heated ss may be necessary during

frsatments,

{01407 Refironce 18 now misde to the resprotive figures, which deseribe elenonts & aspeuts of
multiple embodinents of the pressot invention. The drawings are provided for jthwsirative

purposes mly and are vov meant o he Ruuting,

(01417 FIG. 1a ix a top view of s example of @ mouthpicoy devive 1, wherein is depioted o
dental weh shaped cover laver, sovastimes refigred o hevein ay a vacnum forming layer,
constracted from flexible material with comprassible rims designed ® fore a trestment cavity
aver the wpper or lower festh and gum ridges, hereinatier referred to as the upper oy lower dental
arch well 2. I other words, the segative spave contained butwesn the wehed walls of the well
form what ¥ refeered to herein ax the teatment cavity, Dental arch well 2 may inclade, for
example, deformable rims 2a, the upperwell floor 2o, the npper labial feoulom cut ond 20 of the
outer wall of the rim % and the upper distal deformable plug sealers 7 with thebr peg holes 7a.

Alsp depicted Ik a portion of & middle arch shaped laver dosigned to deliver snd remove
custownixed weatment materials o and fom the viacuam foeming over, reforred oo hersin as the
waiddle laver or the reatment supply laver. The muddle Lover may support, iy example, an
in tegrated hwdle 9, hoat transfer pin hewds 17, 175, the arch well nwnterial delivery holes 13, the

meateriad dranage depression hole T4, one or pune electrieal conseriors, or any combination
thersod. The electrical connecior gy be a pringed circnlt board(s} 13, The handle 9 may be
designed 1o facilitaw positioning of the mouthpiecs into the patients moutly, delivery of materials
toy the mouthplecs, extraction of treatment materials from the wouthpizee, and delivery of power
i the memthpivee ste. By way of example, the hardle may have one or more features thae

factlitate s manipulation, such as a thumb depression %a,

(0142} FIG 1h is o bottam view of an example of a mouthpicce device 1 wherein are depicted
the distal plug sealers 8 wnd thelr pag holes 8a, the arch well reatmient material delivery holes
134, the dvaindge depression hole lda, 8 lower dental ayeh shaped vacuem firming haver
hereinafior eforred 10 & e lowey dentad arch well 3 with s deformable vims 3u, the lowey
floor well 3¢, the Jower kabiad freradent cut out 3, the distal sealing wall 3d of the Jower axch

well 3, the distal sealing wall 3d of the upper avel well 2, and the printed cirouit board(s) 15,

[143] FIG 1o is & view of an example of 8 moothpiece device | wherein by depiced the upper

duntal arch shaped vacwum forming layver, or dontal avch well 2, with material defivery hides 13,
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drainage depression hole 14a, deatnage chanmel hole 193, arch well pog holes 18a, angd arch well
heating transfer pin holésih,
[F44] FIG 22 s a front view of so example of a mouthpiece devics | wheredn ans deptcted the

upper dental arch well 2, the lower dental arch well 3, the nuddie laver 4, the in-flow ube 10,

the out-Oow by 1, and the air breathing vemis 12,

[OI45] FIG 2b i oa wide view of ap example of a mouthplere 1 wherein are depicted the
wisgrated handle 8, the tpper dental arch well 2, thy lower dental arch well 3, and the middle
fayer 4. In some a.m%mdi.zmts:ﬂ‘s, the middle avch layer i shaped W mirrer 2 hinge axis sngle o
facilitste natwral jaw movement when upper and Jower vacoum forming layers are being used,
Such an angled hinge aniy design of the mouthpiecs 1 Is adapted fo refate divectly 1o the binge
anis velationship of the lower faw 1o the upper jaw, The angle of the angled Wage axis designof
the mowthpiscs (for example the angle between the two vacuum formung Taysrs) preferably s an
that 13 comfortable for @ patent to maintain doring o demal treatment. Preferably the angle &
abinit 0.5 7 or nwwe, more preferably abowt 19 or e, angd most preferably sboat 2 ° or miore,
Froforably the angde s abont 20 ° or lesy, mowe \gsre{m'abiy about 13 7 or less, even huwe
praferably aboat 10 % or foss, and mest proferably about 7 © or less. It will be appreciated that @
higher angle wouy sdvantagesusly be employed fo allow for huger breathing veats, o provide

muors Hexibility o the design of the nuiddle layern, or both,

[0146] FIG 2o 15 a top view of an example of & middle Tayer 4 whereln we deploted the middls
laver top estmest material channel flooy da with iy fow chaopel side widls b, e troatment
waterial inlet holes 13, the besting clements 18, the beat tramafer pins 17, the connector pegs 16,
the printed cfrosit boardis) 15, and the in-flow tbe 10, and the out-flow tube 1 Hintggrated ints

h*: EEEY id}&a

{0147} FIG. 2 i a bottom view of an example of 2 middle lover 4, its flow channa! side wally
4b and botiom lregiment maderisl channel ooy 4. &lso depicted s the drainage chanpel 19 and
ity drainage or outflow opening 20 which comects to the out-flow tube 1, the megiment

rrateria frdet holes 13, the conpector pugs 16, wed the aly breathing vems 12,

[0148] FIG 3 is & close-up top view of an sxample of an anterior segraent of the middie layerd
wheretn are depicted the drain hole 19 and the drain tibe 20 which connesis 1o the out-flow tube
11, the heads 17a and pin suds 170 of the heat tanstir piny and the hegting slements 18, The
heating clements preferbly are - jaserted dato or otherwise connetted with the printed chrouit
board 15, The connection between the besting element 18 and the pinted elvounit boand fway be

Also depicted are the air breathing vents 12, The connection batween the heating cloments 18

S
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andd the printed cireuit board 15 may below the chanel floor so that the connection is isolated

from any flaid that fows through the chanel

0145] FIG 4a is a front Qabial) view of an example of a middle Jayer 4, the middle laver upper
cover plate 5, the middle layer lower cover plate 6, the air broathing vents 12 and the in-flow

tuhe 10 and ong-flow tube 11,

{01307 FIG 4 is an e {(Hngual) view of FIG 4a wherein are depicted an example of the inner
asprcts ‘of the aly breathing vents 12, the miuddle fayer oppey cover plate § with its connector peg
holes 3b and its heat transfer pin holes 53 as well as the drain hole depression well 14 Also
depicted dro the connector pegs 16 which secure the upper cover plate 5 and Jower cover plate 6
t0 the middle layer 4, the treatment paaterial indet holes 13 which aflow for the flow of timatmen
muaterals from the teatment material flow channels da and 4o tnside the siddle laver 4 to the
gpper 2 and lower 3 dental arch wells (oot depicted), Also depicted sve the air hreatdung venis 12

which go through the body of the middie layer 4.

FHSTTRIG de ssa foont (labial) view of an example of an apper cover phse § dnd e Jower
sover phite & with the middle kayer missing and the structargl connections of the heal transfir
pins 17 hetwesny the upper cover plate 3, the fower cover plate 6 and B printed clrcuit board 13,
Also depicted ave the connecior peg hodes Sk of the epper cover plate § angd the draln bole

depression weall 14 of the upper cover plage §

01821 FIG 84 1% 2 vertical stack blow up front ¢hoccal) view of one possibile smbodiment of

comiponents which comprize the douhle dental arch n’u:mihpi:zce 1 of the present wvention

the middle layer 4, the lower cover 5, the appiy cover 6, the upper distal plag sealors 7, and the
fower distal plug sealers & Also depicted are the bead trunsfer ping 17 and the privted circuit
board{s} 15,

[0353] FIG b s a ventiond stack blow up back (ngual) view of FIG 5a wherein are depiited
the components which conyrise the double dental arch mouthpisce 1 of the present invention
wherein are depicted the wpper flexible dental arch well 2, the lower fexible dental arch well 3,
the middle laver 4, the lower cover §, the ppper cover 6, the upper distad plug sesfers 7, and the

fower distal plug sealers 8. Alsn depicted ave the heat transfer ping 17, The mrinted chrouit board

13 18 not depioted i this iHostration,

[0134] FIG. 6 is an inner (Jingoal) view of an example of a mouthpicce devics 1 wherain are
depicted the upper dental arch well 2, the lower dental arch well 3, the upper distal plogs 7 and

b

the hewer distal plugs 8 as well ds the air reathing venss 12,

T
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[0135] FIG 6b illusdrates a view of FE3 a3 where a distal oross-septional viatoal slive of the
mouthpiecs device 1 has been tekon, w0 as to remove the distal sealing walls 2d and 3d of the
upper and Tower dental arch wells respectivedy, 30 as to veveud the evoss-sectional structuge of the
apron of curled oross secthaal shape-design 21 of the vim 23 of the deotal arch upper well 2 and
dental ach lower widl 3. Additionally, the cross-agctionad shape of the upper 7 and Jower 8 distal

phigs and thely straotural relation to the upper 2 and ower 3 wells respectively are reyealsd.

<

[0156] FIG 6¢ depicts FIG 6b wherein the vpper 7 and lowsr § distad phugs bave been removed
o better reveal the structaral shape of the bighly deformable omer cwrled spron 21 and toivey
curled apron 21a of the upper vin 2a sod Toswer vim 3a of the dental arch wells,

[OLST] FIG od fs an inper {Hogual) view of the middle laver 4 with 8% npper § and lower 6
g

bl

covey plite attached to which have been secured the upper 7 and lower B distal phay ssalers
reapeetively. Alse depioted 1s the drain hole well 14 on the on the eppsy cover plate S, the peg
contegtors 14 inseriedd through the apper cover plate holes S, and the upper corver plate hede 5b
which acconunodates the heat transfor ping head 17 (not deprcted), Additlonally, the Hlustration

depiots the air broathing vents L2

[(1158] FIG. 6e is ap angled fromt view of the nwnthpiecs device 1 whreln we depicted the
monthpiecs in an wray of three embodiments wherein the Inft most ambodiment deplets the ine
How tube 10 and out-flow e 11, the widdie embedbent depivts the atgachment of the quicks
stiach voupler 22, which tutegrates hole 228 which aligns with the in-flow wbs 18, hole 22b
which aligns with the cut-Hlow wbe 11, and hesle 32¢ which aligns with the printed cirouit board
13 (oot depicted). Also depicted in the right maonst embodiment wre the cablefube Bundle 23

which ingerts wite the guick-attach coupler 22 wd which inchsdes an out-flow wbe 23b, an ine

flow tube 23a, wnd & power eable 23¢

IHSOT FIE 7 i s ey (ingual)y dose up view of an example of & mouthpisce 1 whereln we
depicted the wpper arch well 3 with highdy deformably outer apron 21 and inner apron 21a of Bs
compressible rim 2a, the fower arch well 3owith its highly deformable outer apron 21 and inner
apwony 21z of #s compressible rim 3a, the middie faver 4 with its aly breathing vets 12, and the

connector pins 16 which secwre the upper 2 and lower 3 arch wells to the ouddie layer 4,

{1607 FIG Sa is front (fablaly view of an evample of 2 mouthpiere 1 wherein anx depicted the
upper 2 and lower 3 arch wells dn a seecthrough flexible material so as 1o roveul their covering
reapectively of the maxillary teeth 38 and maxillary alveolar gum ridges 26 of the upper jaw 24,
and the mandibular testh 37 and wandibular alveolar gantridges Wa of the lower faw 23, Also

depicted isthe widdle layer 4 of the mouthpizee device 1, and the in-flhow tobe 10 and ont-flox

24
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tube ol the monthpiere device 1

[O151] FIG 8b ds a close ap ey side (Fooing the surfacs of the :"xmu[hpéaca 1 not depitted) of

the quick-attach coapler 22 whersin are depictad inner aspects of the boles 220 and 225, wad the

printed gt board connectors 22d.

[O1627 FIG. 8¢ ix a olose up outey (facing away Brom the surface of the mouthpiese 1 pot
depicted) view of the guiek attach comector 22, whiein are depicied the outer aspects of the

holes 23a, 22b, 22¢, and the thamb depression 2eon the top surface of the conpler 22,

{01631 FIG Da 1s an dogled vidw of one side of s exsunple-of a pursp mwechanism ssserably 30
wherein ave depiotesd the flow oontrel vidve assembly 37 tnderted o the control valve assembly
framie 39, the flow contrel valvemotor 33, the gear assembly 34 nsevted bto the gear assembly
frame 42, the flexible pump membrase 36 inserted in the hole 38 of the fow contral vabwe
sssermbly 32, and the pision 4, sttached to the difve shaft coupler 40, &n example of g treatment
material dispenser is depicted, for example Treah gel tube 32b, widch connets to a fresh gel
containgy 46 (not depivted) and the pump motor 31 inserted buo the pump mechadism assembly

flooy 43,

{11641 FIG 9 s an angled view of the opposite side of FIGR 9a wherein are deploted owt-How
tube 323, & teatment materkal tube 32, the pump huaper tubes 3¢ and 334, the pro-heating
chambier 29 with ity treatmend raaterial tobe 293, the heating transfer block &4 with fis heating

slempents 45, the waste tube 320 and the rinse tube 33g, and the pivap motw 3,

{N65] FHY %o is a top view of the ponyp wechanisnt assombly 30 whesein are depicied 8 sse
through view of the flow contral valve asserebly 32 which revealy the multi-positions flinw

conirel valve 35 with its maliple holes 33z inside the flow conwol valve assembly 32, Alse
depicted IS the pre-heating chasber 3% with #ts restment material tube 29 attached to the nudy-
position flow control valve 33, the geitr asswrnbly 34, the flow contyol valve motor 33 and the

multiple positicn holes 37 on the top swriacs of the dive shalt coupler 40,

FO166] FIG. 8d s a fromt view of the flow control vabee sssembly 32, The flow contral vibye
assembly 32 inclodes an out-flow tube 33 and & toatment matoriad tube 32b. The flow eonrol
vabye assembly 32 includes pump juniper tubes 32¢ and 3240 The How control valve asscmbly
includes g pre-heating chamber How sttachment 330 for attachiment © the pre-heating chambey
2% (not showny, The flow control vithve sesombly 32 further dncludes o waste tbe 32f and »

vinsi fube 3g

[BI67] FIG 10 §s atopfront view of ove possible endodinent of the control unit SO whevein are

Lok
LA
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depicied Interactive soreen 49, the intorface buttons 50a, the cmorgengy stop betton 30b, the
spegker 3, the optiveally rechargeable hattery pack or powsy supply 48, a restment material
stand, for example zel containg stinnd 47 (not indicated i drewing) to which §s atiached the ge
constpiner 46, the i-flow {t the wenthpicve devige 1) tube g and e out-flow tbe 23b, ;mci
the power cable 36 with attached guick-clip harness 51 with its olip 31t organize the da-flow
23a and out-flow 23h whes,
[168] FIG 11 13 a wopfhack view of the contrel box & and the battery pack charger unit 32,
Also depivted ars the in-flow 238 and oat-Tlow 23b tohes, the fresh water container 53 and wasis
water container 33 with ifs weight prossure sensoy 54 on the floor of the water container
compartmient $7 of the control wnit 30, Also depicted are the power cabde 56, the battery pack

48, the hattery charger plug 523, and treatment materid container 46.

{0169] Bl {2915 an cuter sueface (hotton} view of one possible smbodiment of the apper gum
guard 3% wherein afe depicted the outer floor 39d with its muliiple tecth holes 393 of varving

sized diameters snd spacing, the vuter side walls 39b, and the vpper fabial frenuslam notch 3¢

{017 FIG 12b van ey surface (op) view of FIG 128 wherein are depicted the inuer aspects
of the teeth holes 39a, and the inner side wall 5%9¢ amd inher floor 39 which, iIn sone

embodiments, may be coated with a treatment aterial neutraliving layer 61

[OI7HY FIGRC s an outer surfsce (top) view of oue possible smbodiment of the lower gum
guard &0 whereln are depicted the owter floor 60d with fix multiple teeth holes 6a of varying

drametors and spacing, and the ouwler side walls 60b,

[0172] FIG 13d b5 an inner (bottinn) view of FIG e wherein s depicted the inner dspects of
the teath holes B0, and the inner side wally 60 and jomer Hoor 50 which may be vogted with a

treatment palirial nevtradiving layer 610 Ao depieted s the lower labial fremuiam aotch S,

(3173} FIEG 134 o front vertically stacked view of the apper zwm guard 59 and the lower gum

gaard &,

I 741 FIG 130 15 ¢ Tront view of the epper faw 24 wherein are depivted a seo-through version
of the apper g guard which bas beon pulled over the maxillary toeth 28 wind ix sitting on the
upper alveolar gum ridges 26 and the lower jaw 25 with a see-through version of the lower gum
puard 60 which has bren pulled over the mandibolar teeth 27 and iy sitting on the Iowsr alveols

gum ridges 26a.

[O178Y FIG 13¢ is & front view of my example of a mouthpises device 1 inserted between the

upper 24 wd lower 28 jaws respeotively, and whorein e depicted the upper arch well 2 and

fd
i
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towey avch well 3 of the mouthpiece 1. Also depicted ane the upper gum guand 59 and lower gom
guard 60 onto which s semted the mouthpiece 1 Adiditionally, the Hustration depicly the
mouthiplece handle B 1o which i3 sttached the guick-attach couplar 22 with iy cabledtube bondle

23 givached 1o 1

76 BIG 14 b & fow chwt deseribing an example of @ process of implementing s tooth
whitening treatment ssing a mouthpisce and associated components ax doscribod hersia,
accovding to some embodiments. At step 4o, af the initial visit the dentad practilioner or dental
staff detcrmine and document the current (baseling) shades of the teeth to be whitened. Thiv may
Be acowmplished by vsdng the optional shade guide comparator seosor device that may be
wovided with the control wisll, o an alternative shade goide comparator. If needed, at step 148,
mnitiad dental bpressions of the srch or arches o be treated may be taken and dental stonw
models of the arches are poored #s ix well known i the fiell Theae models may (hen be used 10
falwicate a oustonn made disposable gum profecior as has been desceibed ahove. Alwrnatively,

varius stock sized mwmm protectorfguacds may be esed inconjonction with matching stoack sizes
of the moathpiere devide without the nead o take denta] impressions or the fabrication of dental
store models. At step MO the eustondzed or appropriate stock mouthpiece Is provided, fitted,

and seleviasd based on good fliting to the patient’s mouth,

[O177] At the treatiment visH, at step 14D, the systom i b be caltbrated and treatment materials
prepared, For example, a fresh gel container roay be connected o the disposable purap assembly
that has heen insertad futo-the controd anit and fregh water may e filled tnto the refillable fresh
water contatner. At step 14¥ disposable pum profoctoriguands may be applied and fitted 0 the
gums and of wlveniar gum ridges of the upper and Towers jaws and sdapted o the weth o
provide a sealed barcher between the testh and the Soft Hstuey immediately strrounding the testh
H a motlder concentration of treatnient material iv 0 be used thay the gom protector/geands may
not be required. At step 14F the relevant tubes are connected 1o the treatment raaterial containey
and the pupip mechanism. The disposable tubing 8 now alse oonnected to the mounthpiece
device aud way include a hamsass, olip, ov other attachument ekanents o hold the tabes i g
spevific onientatbm sud posithim in relation to the mouthpisce device and the patient. At stsp
G the control woll s powered up and the troatment setiings condigursd and may include, for
example, configuring a enstomized teatment plan or session for o patient, in avcordance with

thelr particular whittning posds or expectations, comfort zone, and healih vondition,
>’ fard "

[O178] At step 14H, the treatment material(s) nway be pre-heated in the heating chamber of the

puimp mechanidnu Al step 14 the mouthpiees s fnsertod fnte the mouth and the patient sy be
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insteucied 1o cline and bite dows into the moathprice efe. At step 14 the control wit may apply

Row control o cause a varsuny wound the alveolar ridges. Por example, the contral unit waay
sotivate the motor which then ristates the Bow control valve o the vacinum position fo activate
the puny to suck out the air contained between the moithpiece and the alveslar nidges of the
upper and loweyr Jaws op which trests. This negative prossure Inside the mowthplecs Sreates a
vactm seal of the mounthplees tir these ridges as the thin flexible soft v or apron of the vz of
the mouthpisce are suvked tightly up sgainst and conform o the gunws covering the buccal and
Ungual platex of alveolar ridges of the opper and lower faws, This vacsum aal may be
monitoved by a pressure sensor Hyoughout the teatent. Tn sorns emmbodinents, i the vacnum

scal is compromised, the control unit nay warn the user of the foss of vacwmum inmtegrity.

[IL79] At step MK, the control et may apply How contral {0 enable delivery of frodtment
materials, For exanple, the control unit may activate the motsr which then rotaies e flow
wtrol valve fo the teabment taterials delivery position and thea alse aciivates the pamp
ceanponet to deliver o selected amount of the tatment puterial that has been precheated wa
set temperature by the beating olement comtained in the control wiit which is in comtact with a
heating chambbr cloment of the pump conponest optiomally at 8 comprolled rate 1o the
wwwithpieee deviee, In some émbodiments, varioud other changes may be exerpied during the
troatment, sueh ax heiting wp of trestment materials inside the mouthpicce, or otherwisg
managing the Giming, vosiorials, iomperatures; Hehting cfe. in the atment suvironment.
(1807 At step 4L the contred unit continesy 4 monitor the testment setings thronghout the
reatment. For exanple, the control apitmay monitor the various pre-configured seitings of fow

rates, tenperaiure of the individaal heating elements in the mouthpiece, material compositions,

gxposwe intervals ete. Forexample, the pemyp companent may pump pre-heated whitening gel
o the taternal well{s)y of the mumthpisce device and the flow e and total gmount of gel

disponsed and deBiversd may be controlled by pressure sensor(sy or other sensors located
throughout the system and the micriprocessor comiroller of the control umit, In some cuseg, for
example, the microprocessiy muy Tovther contrel the varous temperatire oiputs of each of the

awltiphs hoating clements i the wouthpiece, during the tresiment process.

[HEL] Inosome embodiments, a pressare sensor may be fncosporated Dy the pump mechanism o
monitor the internal pressure bside the mouthpiere device throughout the teatment In ope
exainple, intreasing prossure wnside the mouthpiece signifies degradationy of the vacuum seal
mtegrity and ihorease the potentis] rick that treatment muterials will leakoout of the nmuthpiem

and o the patient’s maouth or alternatively, allow saliva 1o ety nte the mouthpiece. Both of

148
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these possibilities are andesivable.

[0183] Chenveally active weainent materiads, such ay whitening agents, muy release, for
exanple, oxygen during B oxidationfswhitening reaction. This release of free oxyeen froam a gel
may norease the nternal prossure nside the moutbpiece device, In yome embediments, if the
internal pressare (monitored by the pressure sensor angd the microprocessor) resches a oritically
high value, the patient may be told © Bt down harder on the outhpiece and the systent will
migomatically begin svatnating the  teatment ywaterials comained within the monthpives and
sither pumyp in water to rdme the testh of altematively, pump in new  freatment material,

Aleernatively, removing overactive treatment muterial present in the yoouthpiece with fresh

freatment maderial(s) ey help in decrvasing the intunal pressure inside the moothpiscs anid sn
allow forcomtimung the treatnent withowt the need 1o rinse the leeth.

PR3] AL step 14M, the microprovessor may aoetivate flow contrals to vy flow patterns, as
may b pevessary. Fro example, the motor may be sttivated 0 wtate the omtrel flow valve to
the positinn that allows for & “closed-eircuit”™ fow of the weatment materiads already deliverad
inty the munsthpisce 1o choulste within the full upper and kewsr arch foom wells of the
mouthpiste, either in a steady fow pattern or in o sporadic pulsatile manner, In soms
implomentations, the direction of flow within the mouthpiece may be slternated as well, creating
st further dynandcally twwbulent Sow of the remiment msterials simiar to the convestion flow of
a gas of Bawd. In some smbodimends, additional teetment moedalities raay be applied during the
treatment as may be sevessary, whether by manval action by a practitivuer or sssistant; adfor
whather via progranuning of the contrel unil. For example, several applications of fresh gel may
be reguired for cach whitening treatment in the same patient as the quantity of gel material used
1 £ the monthpiece device o o specific lovel within each well has a lintited chemival reaction

potential 1o rebease the oxygers free radival and so effect o whitening of the treth

31847 In further embodiments, the microprovessor of the control anit may be set o monitor
substantially ¥ real dme the reatment time duration and/or temperature seftings for gach zong
ar area of the moathpiese device, the patient sitaation ete. optionally thronghout the treatmant.
In some ombodiments, & bailt in soresy i the contrad unit displays this data fo the aser or
practitioner youghout the whitening provedors. Bivsome erphodiments alerts may be generated
as may be pocessary, 1o wian 3 practitionsr of wuy problems, dangers, complications ete. For
example, thi contrat unit may slert the operator via buzeer sounds, volve sofivation messages,
and or hghted indicators when each gel application reatment i3 conyplete or warn about gl

volprmes, gel femperatungs, and vavown pressue values i, in the mouthpises that are not

tad
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desizable.

{0185] At the end of the troatment, at step 14N the control ot may apply flow gontred to
femnove reatment materialy andfor rinse o freatment materials, For example, to facilitate the

revnoval of the s;}em W;i‘f,iiening gel {c:he:;mﬂcaﬁ}y fosy active or iﬁ;}cti‘f«‘e} from the wellia) of the

contrad valve & the p;}z;ition which allws the pump mechanism of the system (which has also
heen avtivated by the mucroproCessor} of 4 separate siiction device common th 3 Jenmtal operatory

which has besn mitached to the ray device, (such as may be wsed in opse of catastrophic fatlure
of the pump or contrad systam or botly o substantially remove the spent or remaining gel
aateriad from the nouthpiece device. Altermatively, spent chemically insctive treatment
migterials can be simply veplaced by pumping new  lreitoent materials fito the mouthpiecs) Tn
sovme embodiments, o remove any residust spent whittning gel from the tooth surfaces wud the
inner wmrfaces of the mouthpicee, fresh witer may be pumped into the treatment arsa, for
exgmple, from & removable containerof fresh watey  Wncluded and connected to the pump and

fovw contrdd valve unit. The watey may be deliverad by these o the inside of the mouthpiese via

the same flexible twbing and can b used to vinse or flush the residual spent treatment matarials
sRAE B A sepantte disposal container In one exarapls, 3 sensor such a8 @ simple welght sensor or

gther type sensor may be moeorporaied beneath or adiacent fo the water disposal contadner 1o

moniior the amomt of wided used iIn gach rinseftlush oyale,

FOLRG] AL step 140, the flow contrad valve may be activated o release the vacaum seal of the
mowthpiecs 1o the alveolwr gum nidges wnd tovth, for example, by pumping alr Wto the

miouthpiecs.

{OLRT] At Step 14E the mouthplere and guny guards (i used) wre removed from the patieni's
mouth and the optional shade comparator device may be used 1o record the whitening rosulis

obtained.

[O188] The above described festurss of the systemn allow for the easy and rapid removal of
sreatment material and from the mouthpiece devics so that upon removing the mouthpises
device from the pstizef, thore remaips Bole of the spent treatment madgrial both n the
mouthpiece device iself and on the enams! sorfucey of the teated teeth, This stmplifies the
operator’s task of removing any pentially or completely spem treatment material from the
patient’s month. In some mplementations, the controlled somoval of the spent weatment
materials iy be avtomated by the control unlt b the end of a et period of fime oy mannally

initiated by the operator’s pressing o button which sctivates the removalisuctioning of the

440
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material atany e during the eabment

[H1E8] Alesnatively, w mentioned above, spent freatiiont miaterials may be rapidly removed

{suctionedy viathe evacuation system of the standard dental operatory unit.

[0190] In some cmbodiments, several applications. (o & volume of gel required to il the
meuthpiecs) of fresh reatment materialy may be so applied and removed ontil the operator and
paticnt are satisfied with the whitening resalis achisved, Of course, any combination of the

above steps may be ivplemented. Farther, other steps or series of steps maay be used.

[91] Yo the respective ombodiments of the prossat invention, the above descoribed  design
clements allow for the rapdd, intense and controfled whitening of & dental arch or arches of both
the antorior and posterior feeth stmallancously and the whitening of both the ower (huvceal),
ey (Hngual) and coclusal Copfbiting) surfaces of both the anterior apd posterfor toeth, Theas
embodiments further enable effectively profecting the patient’s soft tssuss from the causte
effects of the various concentrations of whitcning sgents applied s the testh, whilst optiosally
maintaining and monitering in red tines the safety, progress andfor comifont of the patient

throughout the reatiment.

f0192] According to sonre smbodiments; the present tvention’s dentad svch mouthpgiece dosign
sHows fora novel “compression” whitoning technique (based oav it povel vacoum seal tntegrity
af the mouthpiety fo the moutl) which potentiates the oxidation {whitening) effsct by forcing
oxygen ions B he enamal swfaces of the iweth. As mestoned sbove, this compression
technicue also proteety whitening gel from any deactivation by the salivary poroxidase sneymne
and so further snhances the whitoning offect of & given guantity of gel delivered o the inside of
the mouthpiere device of the present fnvension,

(193] I will be appreciated thit fiw stvphicity snd clarity of illustration, clements shoven in the
drawings have ndt necessiarily besy drawn to seale. For example, the dimensions of sonw of the
elements may be exaggerated reltive o other elewents for claily. Forlher, where considered
approguiate, reference numerals may be repeated among the drawings io indicate cormesponding

or anadogous elaments theoughout the serial views:

(0194} The principles and oporation of the Jevice, and method aveording to the presem
mvention may be better wndirstood with reference to the drawings, and the following
desoriptitn, i being widerstood that thess drawings are’ giver for iflustrative prrposes only and

are nob meant to be Hntiting, whesthn

[95] The foregoing description of (e embodimenteof the inventton has been presonted for
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the purpeses of Hlastration and description. B8 not intendisd o be exbasstive or @ limit the
nvention to the preciss form disclosed, It should be appreciated by persons skilled in the ant that
swany odifications, variations, substitutions, chauges, and egnivalents are possible in Hght of
the above teavhing. It iy, therefore, to be mndersteod that the appeaded claimy are not intended to

cover all such modifications and changes ax fall within the true spinit of the invention.
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CLAIMS

What isolatmiad i

1. Adevice comprising:

2 mouthplece suitable for implementing a dental entment, whereln the mouthpises fncludes:
ioone or more stock dental cover Layers sustable for forming a treabment cavity having a
vacuam, wherein the dental cover lavers includes a Layer over the upper teeth sdiéor a
layer over the lower teeth; and
il ope or more treatment supply layers wherein the teatment sopply layer hasone oy
sewve flow channel in fuid communivation witl the treatrpent cavity so that the treatment

supply layer can deliver andfor resove one or more freatment Muids from the freatment

Cavity.
2. The device of chadm 1, wherain the dental cover vacium is formed using a contimons

sealing mechansm thal includes a sealing sim formed of a compressible wmaterial i conjunction
with ons ov tore sealing plugs attachable 1o the rear npentng(s) of the dontad cover lavey,

wherein the sealing mechaniam safficiently seals the tresgsent caviny.

S The devize of claim 2, whorein said sealing mechanism is adapted to prevent saliva from

s

eniering the weatment cavity and is adupied to prevent reatmenst material from exiting the
A w' R i‘ o

treatineit Qavity.

4, The device of any of claims | doough 3, wherein the treatment supply layer nclodes one
o ore heaters for heating o treatment magerial, for hoating av least 2 portion of the treatment
cavity; or hoth.

3 The device of ay of claims 1 through 4, wherein the device includes s handle integrated
tnto the treatment supply layer suitable for: insertng the ong or more dental cover layers over
the apper and/or Tower teeth, for adjusting the position of the one or more dental cover layers,
for removing the dental cover layers after a dental treatment ds completed, or any combinatinn

thereof

&. The device of any of claims 1 through 5, whereln ihe device includss a power line for
delivering an electrical cucrent W the treatment sapply laver and one or more thes for deliveriug
snd/or exivacting one or more treatment materiads o the treatment supply faves, the handle

ncludes the power line; or bath,

7. The device of any of clalms 1 through 6, wherein the dental cover huyer covers the gum

ridg

559}
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8. The devios of any cladms T theough 7, whereln the devies ineludes two dentad cover
layers for covaring the upper teeth and the lower tseth; at least obin treatnent supply layer
interposed hebween the two dental cover tayers  enable the upper teeth and lowsr teeth fo by
reated - sinnibtaneousiy; whevein the devies included one or more treathing venis in the
restment supphy lyver subtable fiy providing an aly passage into the mouth duging & dental

reatiient

. The devies of any of clainis 1 throagh B, wherein the handle includes one or wmorg inflow
wbes for Howing oue or mrowe freatment materials into the teatment supply layer{s); and ong or
more cutflow tubes for flowing oue or mote reativent matsrials ong of the treatment supply

laver{s}.

15 The deviee of any of claims 1 through @, whereln the mouthprecs inclades: oni or mre
debivery holes for flowing & treatinent matenial from the treatniont supply lver 10 the freatment
cavity, and one or move deainage holes for Howdng 2 treatment materia] from e tremtiment

cuvity ¥ the weatroent supply layer; and wherein the westmant supply Baver includes sue o
nune delivery channsl fiw ransporting 3 freatment material from an inflow tube to the
treatment cavity avd ong o sre diadnage chanpely for transporting a treatment miateniad froan
e o miore dvainage boles 0 an outflow whe,
1 The device of any of claims 1 ibvough 16, wherein the dental cover layer includes a
conypressible cavity plig suitable for seating the vavity to prevent matesial flow st of the rese
sides of the vacvun forming Jayen
12, The device of any of claims 1 thyough 11, wherein the device includes one or any
combinaticty of the following design fostures: the dental pover haver Invorporates a seiniiad cut
out apron design to conform # the gum ridges; the tremtoent suppdy layer inchudes oue or more
individually controflable heating zones: the dental treatment Tayer is betweers upper snd lower
dental cover Bayers and is shaped 0 mirror g hinge axiy angle to fcilitate natural jaw movesnent,
13 A gystom comprising: the device of any of clairas 1 dwough 12 whersin sadd vacwut is
formed via the treatment supply fayern, by reducing the pressure in the dedtal tedtment cavity
bulow ambient pressure,
. The system of claim |, wherein the system includes

. & pumping sysézn for prenping ofe or wore treatinent waterials into the

fnoathpiace

il a muliti-position flow vontrol module:; and

B & control unit for swiovoating the dental reatoent.
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1% The device of aoy of clsms | through 14, wherin the devioy includes a dental g
gased component for additional protection agiinst reatiment matenals,
16, The devics of any of claims 1 through 14, wherein the device includes & dental gum goard

companent which meludes a gum treatment layer on i fomer surfaces for the delbvery of one

oy Toore therupeatic material s the gums,

17, Adental pum guard, comprising & Hexible sargical arch shaped drape designed to conform
substantially 1o the gum rides anatomy, aud having preconfigured cut-owt holes Yo

custopnized insertion over the teeth wivch aots to provide a dry field.

8, The dental gwn gused of slain 17, whetedn the dental guny gomrd inchindes 2 treatment
material layer on one of more surfaces, whorein the treathwnt material is suitabile for

netivalizing treatment muterials,

1A miethod for executing destal eattnenis, comprising:
i, positioning a mouthpiece including one of more dental cover layers over upper
andfoy ower el
o applying @ vacoum 0 the deatal eover layer so that a sealed troatment cavity having @
pressure below ambiont pressure s formed around the teeth] and

gl flowing one or more eatnent materials into the sealed restment exviiy.

20, The method of clatm 1, wherein the processineludes one or any combination of the
fodlowing steps;
t. sething up a posap modide (o conneet o a mwuthplece designed oy atpeth
whitening roaliment;
i contiguring treatment sertings on & povdrol deviee coupled o the pamp modaie;
$i3 applving How contrad 1o cause s vaduum between the mouthpivee and the
paiient's gom ridge anatomy; and
iy, applving flow control o autornatically mansge delivery of materialk in
aceordancs with sand treatment setiings, shdior asing 8 How contrl moduls 30 remoes
tregtment msgerials from satd mouthpiece.
21, The wethod of clalin 19 or 20, wherein the method inelisdes a step of applyving flow contral
1o change flow petterny during a treatment 1o ovder to optivaize confornanes 1o g reatmesst

plan.

22, The method of any of claims 19 through 21, wherein the method includes a step of

sensitoring the weatment to rack conformance 1o & reatment plan.
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The method of any of claims 19 through 22, wherein the method includes a step of
monitoring the reatimsat o identily problems during s treatment.

‘

The methind of any of laims 18 through 23, wheteln the treatmend supply laver includes a
plurality of zones inchaling a fiest zone angd a seonmd zone, wherein the provess wledes

providing different treatment wmateriads 1o the first 2one aud the second 2one.

. The method of olaim 34, whereyn sy treatment materials differ with respect 1w the

termpensture of thy matedials, with respest to the concentraton of the raterials, or both.

1. The method of claims 19 through 25, for execnting » weth wintening eatment.

. A device comprising

w3 deformable guot sealing portien for covering a gusy

. a distal tootls sealing portion, whersin the gum sealing porlion and the distal tooth sealing
portion defing & gap hetwesn af feast a portion of the device and thisiooth over which it Hes;
and

¢, at least one Rotd condult portion for passing 2 Auid ik or out of the weatment cavity,
wherein the placement in a patients mouth over 3 plurality of teeth the gor sealing portion
ernitacts and deforms sgatngt 2 gum of the patterd for forming intimate comtact with the gomy,
atd the distal tooth sealing purtion deforms against distally cated for substantially defining
3 seal st the distal tooth, s that & flukd can b intredused, romoved, Gr both from the
freatment cavity wiide maintainang 8 seal with the deformable gum sealing snd tooth sealing

CORPHEG 10



