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DENTAL PORCELAI N SHADI NG KI T, SYSTEM AND METHOD The invention rel ates
to acolor-correlation kit .and systemfor a dental porcelain system The
dental porcel ai —eelor-correlation systemof the invention, provides

restorations to maﬁ]?stéha hade guj de, the dental porcelain
n

color-correlatio e @S¢ the invention provi des
restorations havi H"n 1y constant |ighPABENETval ue, from
opaque to transluc Ruckert in U Scagatemne43, 360, 122

di scl oses dual - purpose container. Kroder in U S. Patent 3,628, 248

di scl oses process for formng artificial inplants. WMckta in U S. Patent
3,932,938 discloses a pignent package for dental filling material. Bergen

and ot hod. - FROFNTRY PORCEEATS SRRSHER Khn. " SRl 30D kb O80T TS
colorimeter for use in the _

The iﬁvention relates to a color-correlation kit
and system for a dental porcelain system. The dental
porcelain color-correlation system of the invention
providés restorationé to matéh a shade guide, the
dental.pofcelain color-correlation kit and gystem of
the = invention provides- restorations having
substantially constant lightness value; from opaque
to translucent pofcelain.

Ruckert in U.S. Patent 3,360,122 discloses dual-
purpose container. Kroder in U.S. Patént 3,628,248
discloses process for forming artificial implants.
Mackta in U.S. Patent 3,932,938 discloses a pigment
package for dental filling material. Bergen in U.S.
Patent 3,956;827 discloses color discrimination test
apparatus and method. Roll in U.S. Patent 3,986,777
-discloses tristimulus colorimeter for use in the
fabrication of aftificial teeth. Roll in U.S. Patent
4,096,2i7 discloses method Qf using a particular

tristimulus colorimeter in making artificial teeth.



fabri catTlhlsSheetfm‘c’Been ¥ lacﬁ? teeth. Roll in U S. Patent 4,096,217 discloses
nmet hod ofﬂmmni | cular tristinmulus colorimeter in making artificial
t eet h. 2 Alderman in U S. Patent
4,115,922 discloses dental crown and bridge shading system Tsai in U S.

Patent 4,132 830 disclqses nqgble-netal_ dental aglloy and ental method.
Tngersol | Aiderar 38 5. "BRERE. 4 vow iy Lipeledes deibal o
substrate alloy. Jeannette in U S. Patent 4,207,678 discloses multiple"
dental shaowuiahd dysidge shadigwn systam. n Mgald irPal.éht PRt2SY, 349

di sclose a kit for repair of porcelain dental prostheses. Walker in U S

Patent 4, 386, 86B3¢li B fRSses O n¥talaNGenrRINOG1TRF  afduci ng

ceramc articles. Rogers in U S. Patent 4,427,501 discloses method of .

i 5l oges. MSRGE oSGk ng BARRRBPATpof el & n Ther 41" r EESER | ons.

MIler in US. Patent 4,617,159 discloses nethod of nolding a dental shade

sanpl e. 4,201,577 disclose ceramic substrate alloy.
Jeannette in U.S. Patent 4,207,678 discioses multiple
dental shade guide system. Ibsen .ét. al in U.S.
‘Patent .4,294,349 disclose a kit for repair of.
porcélain dental proStheses. Walkerliﬁ U.S. Patent
4,386,962 discloses comp§sition and method for
produéing ceramic articles.' Rogers in U.S. Patent
4,427,501 discloses .method of manufacture of
artificial teeth. Tanaka in U.S. Patent 4,481,227
discloses method of coloring bakeable poréelain
dental restorations. Miller in.U.S. Patent 4,617,159
discloses method of molding a dental shade sample.
Watanabe et al in U.S. Patent 4,626,514 disclose good
aesthetic artificial dental materials by calcium

' phosphéte glass-ceramic. Blair et al in U.S. Patent

4,650,418 discloses dental restoratioﬁ shading.

Watanabe et al.in U.S. Patent 4,681,633 disclose high

strength calcium phosphate glass ceramic materials.



Wat anabe Thi Shept HapBean &eplaved ent 4, 626, 514 di scl ose good aesthetic artificial
dental nmat H l I um phosphate gl ass-ceramic. Blair et al in US.
Pat ent 4, ses dental restoration shading. Wtanabe et al in

U S. Patent 4,681,633 disclose high strength cal cium phosphate gl ass
ceram c material s. ' : 3 Pitrein US

Pat ent 4, 783t865 iR s¥-SsesPalpprl atud 23a885nedirrldans f gPpRRgtYAade sanpl es.

Boon in U S. Patent 4,802,850 discloses dental-porcelain color

mat chi ng awdt e@thodPafder forming abhadl® skmPlesPat Buon 4i828.817 discl ose
porcelain dental restoration having a plurality of uniform

col or - mat chedoly yeﬁ%802T§§6kadﬁ%gyongPahgﬂEaiL§8Zfé%§igl?géféfs metal -

porcel ai n dental restorations, ntal veneers, dWen eS and neta
foil for nakinﬂ dent al ggﬁliances. Garamta in US _Patent 5,004, 417

di scl oses FBFGPiNgenf¥PERMt andPHATR &t udd  BowHnSin BRESDPat ent

5,057,018 discloses mcrocrystalline inserts for negafilled conposite
dent al rest#oB28i,daF. Jdisekese n porSelabnt erdents 078e#8Oratisul oses
met al - porcel ain
having a plurality of uniform, color-matched layers.
Tanaka in U.S. Patent 4,997,723 discloses metal-
porcelain dental restorations, dental veneers, dental
'bridges and metal foil for making dental appliances.
Giaramita in U.S. Patent 5,004,417 discloses color
dental kit and method of use. Bowen in U.S. Patent
5,057,018 discloses microcrystalline inserts for
megafilléd composite dental restorations. Tanaka in
U.Ss. Patent 5,076,789 discloses metal-porcelain

dental restorations, dental veneers, dental bridges

and metal foil for use therein and methods for making

dental appliances. McLaughlin in U.S. Patent
5,094,619 discloses coloration of dental
restorations. Evans et al in U.S. Patent 5,104,319

disclose method of manufacturing dental restorations.
Klepacki in U.S. Patent 5,125,970 discloses material

and method for colorizing dentél prostheses.

A



dent althip laceent al veneers, dental bridges and metal foil for use
thenei1 or making dental appliances. McLaughlin in U'S
Pat gnt It di scl oses col oration of dental -restorations.

Evans et al

dental res
and net hod
U S Pat e
restoratio

in US. Patent 5,162,130 discloses |ight

in U S Patent 5,104,319 disclose nethod of manufacturing

et al in

\GEA RS, ol SPRCiD 1§ &) SoRaent 551175 0 fliaskases mteria

ZI'ng de pr ost heses.

nt 5,127,835 disclose, process for_preparation of dental crown

Progees kFer pEera¥atirR of rdemipl oftownirgshosasden

McLaughl i n

activated coloration of dental

restorati ommnd ki&naKer 'iwusd) Sn Pateentyingl 86ubt26salid clpaseeawet al - porcel ai n
dges. Thonpson in-U S. Patent 5,240,414 discloses nethod for
shade sel egjdrigHl 1rES1RQ" Bt 5V e pflt S5 1 Y62, 13dNki keI S¥skeMBgher Maki ng

I n accordance wth the invention, prior art systéns for naking

dental bri

por cel ai ns

activated coloration of dental restorations. Tanaka
in U.S. Patent 5,186,626 ‘discloses metal-porcelain
dental bridges; Thompson in U.S. Patent 5,240,414
discloses method for shade selectiqn in restorative
dentiétry.

Unlike systems for making porcelains in accordance
with the invention, prior art systems for making
porcelains having 1lightness +values for opaque
porcelains which are lower than the lightness values
for opacious deﬁtin porceléins, as shown in Table 4.

Metal based porcelain.dental restorations such as
cr§wns and bridges comprise a metal framework called
a "coping“, which is covered by several layers of

porcelain to simulate the appearance of natural

'teeth. The porcelain is appl'ied in a plurality of

layers, the first layer applied over the coping is
called the "opagque porcelain layer", the purpose of

which is to hide the metal framework. The second

ki



porcela" She n Replagidh ness  val ues for opaque porcelains which are
| oner th I“ i s values for opacious dentin porcel ains, as shown
in Tabl e sed porcelain dental restorations such as crowns

and bridges conprise a netal framework called a "coping", which is covered
by several layers of .porcelain to sidul ate.the appearance .of natural

teeth. The i)%%%’él AP OVEEy FRe s fg%ﬁ%al Leyehs 1§ a§@&§',edt hel%irst |ayer
applied over the coping is called the "opaque porcelain |ayer", the

pur pose of "hef¥hors destiindeaneeladnallaventfewdiie ody speveslain

| ayer applied over the first layer is called the "body or dentin porcelain

|l ayer”. Thelhody ROME®ids traysTucedidi 8 td agshHe€NEAntiQad degree simlar
to that of the dentine |ayer of natural dentition. |In addition, a second

ayer of "OpAGEOWs Doty RERUEALT YaydiOT6E! AbBulS1 UstthdiL 160N UpgLi on with
t he body porcelarn. The ""Opaciods body  porcelain 1$ nore opaque than

body porcel ain,layer and is greferabl . ]
addition, a second layer of "opacious body or dentin"

porcelain is wused 1in conjunction with the body
porcelain. The .opacious body porcelain is more
opaque than body porcelain layéf and is preferably
used under the body porcelain.or in place of the body
porcelain where the feStoration is very thiﬁ.
Préferably an incisal porcelain layer is positioned
over the body porcelain layer. The incisal porcelain
layer has a translucency approximately equal to the
transiucency of the enaﬁel layer of natural
dentitioﬁ. The outer surface is either glazed with a
very thin transparent layer, or it is baked or
polished to a high gloss.

Color is imparted to a metal-based porcelain dental
restoration by coloring the opague ahd body porcelain
layers. It is én 6bjectiv¢ in the production of
dental restorations to make the restoration resemble

as closely as possible the patient's natural teeth.



used under Thi

posi ti oned

h BpenrRe,
restoration Preferably an incisal porcelain |ayer
porcel ain layer. The incisal porcelain

a translucency approximately equal to the translucency of the

| ayer

Col or

of

natural dentition. The outer surface is either glazed with a
very thin traRSgenthy.| ajércesvamic denpakerestoraplonhdenve

S
| ayer
enanel

by

ha@in or .in place of the -body porcelain where the

has

e gh gl oss.
is inparted to a netal -based porcelain dental restoration

col ori ng t henepeduee@ndohmdycpaltel ai Mhdsty eréstdtat o BdPpELEéve in the

producti on of

d
I I ' t i ' ' t 1.
g OSE@ZeﬁfIgﬁéZ?ngérgﬁPgﬂ%gﬁ?%PS?gs%%%@%fdﬁgéﬁhfgl(ﬁﬁfaﬁﬁrr%ﬁiced

commercial ly. These restorations replace the netal coping with a ceramc

ental restorations to nmake the restoration resenble as

base, and DBRERLebRse IbtalipiRated, oFhAY &S8P hBFdR Ak Dd"PERIe to nore
closely resenble natural dentition. But even with an

closely resemble patural dentition. But even with an
all-ceramic restoration, there is obviously still a
need to match the color of. the patient's naﬁural
teeth. Oné way to éolor an all-ceramic_restoration is
to colof the ceramic base by any of several
techniques (e.g., the colof may be inborporated in
the base material itéelf, or the.base may be stained
with .a porcelain stain). The body porcelain, an
incisal 1ayer and a glaze are fired, as is the case
with metal-based restorations.

Whether the porcelain restoration has a metal base
or is all ceramic, its appafent color is influenced
by the color of the body porcelain layer and by the
color of the layer.just'beneath the body porcelain.
The 1incisal porcelain and glaze layers contribute

1ittle, if anything, to the perceived color of the

restoration because they are quite translucent or

transparent, and are, at most, only slightly colored.

h



al | - cer ahis SheetHas BeeaRewlared t here is obviously still . need to match the
color of natural teeth. One way to color an all-ceramc
restoratl r the ceranmic base by any of several techniques
(e.g., the color may be incorporated in the base material itself, or the
base nay be stained wth a paorcelain stain The body porcelaln an
inci sal | aydMSonatyrate taeth | have dranskunentasdayersh retal,- based
restorations. Whet her the porcelain restoration has a netal base or is

al | cerani @ndnel appadenidentiae,i s il | upasesratbion hemastor mefvet he body
porcel ain layer and by the . color of the layer just beneath the

por cel ai n. tgg}psidgnscall £ Qt@‘ﬁ]@% lt%y at HOMY | A %t]ﬂ)e

anyt hi ng,

to the percelv color of restor ion because

transl ucent_ or rent, and are, nost , onIy lightly. co
7 Since natdft &° %se]g?r}'rﬁpﬁ:ﬂﬁeai paq?sﬁatft‘??ntaqt % g“ﬂ‘ﬁ"eran

the restoration nust have

the translucency of the  body porcelain layer
complicates the ﬁask of inatching the color of natural
teeth. The thickness of the .body' porcelain varies
from .a rather Ehick layer in the middle to a thin
layer at the gingival or incis_al end of the
restoration_. Thus, it is normal for the body
porcel.ain layer thickness to vary from about 1/4 to 1
1/2 millimeters. Becéuse of this wvariation in
thicknes;, 1ight penetrateé_ -thé body porcelain léyer
to different depths lbe.fore it is reflected back to
the observer, and unless the layer just beneath is
exactly the samé color as the body porcelain, the
apparent color_ of the resltoratior; will vary over its
surface with the thickness of the body porcelain.
Thus, the visually discerned color of an opaque
object is determined by the amount of visible
illuminating iight reflected (from the surface of the

object) to the observer. The perceived color of a

body

ittle, if

y are quite
ored.

d dentine,



translmeetagsieenReplaced; + < s face to match as closely as possible the
appearEmﬂl mHIF HI teeth. However, the translucency of the body
por cel nplicates the task of matching the col or of natural
teeth. The thickness of the body porcelain varies froma rather thick-
| ayer in the mddle.to a thin |ayer at the gingival or incisal end of the

rest or at i onPO¥RASA1Nt dentadr weistozatine Hedymaimdie dthe nresykt ofi ckness to
vary fromabout 1/4 to 1 1/2 mllimeters. Because of +this variation

in- thickneshe |dgffupenatdfilierfrante bedymporke! diransaveent! Opdadf er ent
depths before it is reflected back to the observer, and unless the |ayer

Lppar ont  coborestaHc 1P eBRURIE) Mn ZobBELPEY ROLES Bedtp (1 the
t hi ekness of the baody pqrcelain. . Thus, the visually discerned col or of
an opaque iﬁ?@Et FET, e Ly imethuBuAr combingtiioa aof |ehenating
light reflected (fromthe surface of the object) to the observer. The
percei ved cetattered and reflected color of the translucent
layer plus the color réflected from the undérlying
layer. When the translucent layer varies in
thickness, the amount of color cdntribution from the
uﬁderlying layer w;i.ll vary inversely withl the
thickness of the translucent layer. ;I‘herefore, ﬁnless
the translucent layer and the underlying layer are
closely related in color, the perceived color.of the
restorat;.on will be dependent upon the thickness of
the body porcelain layer.
Accprdingly;' it is clear that it is desirable to
provide porcelain dental restorations 1n which the
body porcelain matches the color of Ehe layer
beneath. Here_t'ofore,. however, there has. been no
commercial dentr;ll poi‘celain restoraﬁion kits in which
the body porcelain ma'terial, when fired, matched

exactly the hue, chroma and lightness _of the fired

ceramic material of the 1layer just beneath. The



por cdjs hest Replaced or ation is mainly the result of the diffuse
refle I he translucent body porcelain |ayer covering an
under qgue, layer. Perceived color is thus a conbination of the

scattered and reflected color of the translucent |ayer plus the color
reflected fromthe underlyin I@yer. Wien the transl ucent | ayer
varies in TeFrERIRE s ,Prtlﬁé _a%BEnt SHERHICIENEP | BRYG oRBFFBm thRe
underlying layer will vary inversely with the thickness of the transl ucent
| ayer. Therkier echooh@ssr vakue rafisthe epdvrregpondiny tsteadendmride ng | ayer
are closely related in color, the perceived color of the restoration wll

be dependenéoxhgtp&meﬁ@? t hipaknGisge T tof NEoROENs P CHA NEhBN¥ET the
Accordingly, 1t is clear that it is desirable to provide porcelain denta

restorations in Lch. the, body porgel ai.n t ches .t he | or af the |ayer
beneat h.  FTeRtADr ESCHBEIaR. BERAF GRTe TR nt o T e al CHH al
porcelain restoration kits in which the body porcelain material, when

fired, matcdpedthexsmagae andueody hponaedain| cghtapedy afondsldined . ceranic
material of the layer just beneath. The

stains to different portions of the restoration to
prevent the perceived: coior .from varying to an
undesirable degree from a preselected color of a
shade guide. This was not .only5 a time consuming
task, bﬁt also the results were quite-dependent upon
the skill of the technician.

Accordiné to the invention, porcelain is produced
having é-;medetermined hue, chroma and lightness to
matqh the hue, chroma andnlightness of an underlying,
more opaque, layer. Preferably, an observer cannot
visually discern any differenéelin.hue, chroma and
lightness in a composite including a layer of the
translucent porcelain oveflying the underlying layer,
even though the translucent porcelain layer varies in
thickness.

It is an object of the invention to provide a kit

for the preparation of porcelain dental restorations



the shade gui de conponent. In order to conpensate for
th| techni cian has often had to nodify the color of the
opaque and body porcelain or apply porcelain stains to different portions

of the rest n_t Levent e or varying to
an undesrréﬁ) ﬂ egrge roﬁ?g BF%§§ %ﬁ% b%?gelggh e%ﬁ&qh u%ée Thi s
was not only a tine consuming task, but also the results were quite
dependent UPRFE PPRIALK| FETHRLG heaY®ehni Brarkit ingludes @f tkeaste i nvention,
‘porcelain is produced having a predeterm ned hue, chroma and |ightness to
mat ch the hotee chralvsleahd Idogittaiees of ofin uodistedng, tramsucmanue, | ayer.
Pref erably, an observer cannot visually discern any difference in hue,
chrom_and pbs SpbiladzC %mosae eLba6t UBRBY 13X, Alnddihed ranst ucent
por cel ai n er |ng t e under ng | ayer, even thoug e transl ucent

orcelain | ayer varies i thICk ess
P og ceramic mékerlal EBr the more opaque layer, and

Replaced )
iﬁh s BEs p rt restorations do not match the hue, chroma or val ue of

when the translucent porcelain powder and cefamic
material for the.more opaque layer are fired, the
colors of the translucent porcelain and the more
opaque ceramic layer match spectrophotometrically
such that the two colors have less than 5 degrees
difference in CIE hue angle.

It is an object of the inventioh to provide a’
system of dental porcelain powders for making crowns
- and bridges having a translo.cent por’celain layer over
an opaqgque ceramic layer, which includes a set of
powders- having a translucent powder having a
translucent hue when formed into the translucent
porcelain layer, and an opaque powder having an
opagque hue when formed into the opaque. ceramic layer,
wherein the translucent hue is within 5 degrees of

CIE psychometric hue angle of the opaque hue. In

10



It i sTBsShes; ccpReplased | nvention.to provide a kit for the preparation of
por cel orations _ 10 havi ng
a |l aye [ [ ' . '

t porcelain overlying a nore opaque ceram c | ayer

The kit

i ncl udes at Ieast one | abel ed cont ai ner of col ored
transl ucent

wder and at ast , one Iabeled cont ai ner

of

cel 0
cerani c mat ée?%ﬁ tﬁESFBF@tbﬁﬁq&§l r I0%eRt 1ghenthen£940%ans| ucent

porcel ai n powder and ceranic material for the nore opaque |ayer are fired,

the col or snadfcheask layers @renbobdr vnliformaaddt mhatobreachpater cerami c | ayer
such that the two colors have less than 5

di f ferpmcergrbel Ruitasangke.used | hek8iAn ralficd@ ©b dig i nventi on
to provide a systemof dental porcelain powders for making crowns

mat ch spectrophotonetrically

degr ees

and -

bri dges rmniggigatdwygﬁtgg@%ﬁg %rcglahﬂﬁliggg §¥§ﬂ§?9§ opaque Ceram c | ayer,

whi ch i ncl udes

ucént powder

transl ucent hue when forned into the translucent

"Porcelain", as used herein and in the dental
restoration arts, refers to the ceramic 'matéiials
used to cover the base or coping in é restoration
such as a crown or bridge. An important function of
the porcelain in a dentél restoration is to provide
the aesthetic appearance of haturai dentition.

"Céramic", as used herein, includes the porcelain
materials used in a dental restoration, as defined
above, and also includes the ceramic base of an
all-ceramic dental restoration.

"Unifbrm cdior layer" as used herein means that the
layer has éubstantially equal hué, chroma and
lightness throughoqt and is free of porcelain stains
or the like applied to only a portion of the surface
of the layer to compensate for the failure of the two
layers to match in color.

“Matching in coldr“,. as used herein, means that

when a composite is made having the translucent

11
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por"é B Replacd o opaque powder having an opaque hue when fornmed
into H amc |layer, wherei-n the translucent hue is within 5
degr chonetric hue angle of the opaque hue. In

the dental restoration of the invention the color- matched |ayers are
bot h uni form an tctj_ each ot he q,l L*a*b* units" as used herein
refers to @q:rcq_ia&,xb FHPTe aﬁ:v&ﬁlé”ﬁ’g? t b ?hé“oir?mog?%%arcc?ram S porcel ai n",
as used herein and in the dental restoration arts, refers to the
ceram ¢ matlayer,s agedobserverr caanoasevésuaa;ﬂ;yngdiiscarnestamyation such
as a crown or bridge. An inportant function of the porcelain in a dental

restorati Omdrs-urd foraiitde i htherQAldMtiant ialNSA e Blue)aidhir@madenti tion.
"Ceram c", as used herein, includes.the porcelain nmaterials used in a

dent al rest ti fi d | s ncl he ram c base
of an all -a%éi?anﬁzbhﬁ?e[s%e roe@gto ra |ocﬁdmp%%q‘% f%‘) l#%?‘g ayé—'r% as used

herein neans that the
thickness of the translucent porcelain layer may vary

over the nqrmal range of thickneslsgs for the body
porcelain layer in a porcelain dental restoration
(e.g., from about one-half millimeter to about one'
and one-half millimeters). When color is matched the
infinite optical thicknesses of the transluéent

porcelain are the same as the opaque porcelain.

BRIEF DEéCRIPTION OF THE DRAWINGS

.Figure 1 'is a graphic presentation of the
difference in lightness value for dentin, opacious
dentin and opaque porcelain. layers formed from
" powders of the invention,l and from prior art powders

listed in Table 5.
BRIEF SUMMARY OF THE INVENTION

The invention provides a kit, system and method

for the preparation of -p'or_celain " dental

12



| a e‘il‘hlhsmetwmae,an; aegdl y equal hue, chroma and |ightness throughout and is
free alns or.the like applied to only a portion of the
surfa gmm, r to corrpensatefor the failure of the two layers to
mat ch "Mat ching in color™, as used herein, neans that when a
corrp05| te I's made havi ng the transl ucent

12 por cel ai- FYSRRFAL IR 4 yi RaTeke mSCOTShaARR shiad POWARYFS: | aremn observer

cannot visually discern -any non-uniformty in the substantially equal
hue, chroma pmﬂdédghineﬁahﬁld&eccmﬂ@méfe. eveThd h@tgbtt howddy ckness of
the translucent porcelain layer nay vary over the nornmal range of

he t 0 | restoration
t hi cknesses o 4 fl&ﬂéﬂesgo{rﬁfhé' MLl PYGhet nfar{?@&c%h@ oner%]éa%tf

(e.g., from about one- half mllimeter to about one
mllinmeters). Wen col or ed th infinite optlcal t hi cknesses of

t he transl ué’é’rﬁquepoPE’éF&llﬁlé’r ei?ﬁﬁrsa &s S85OTGH aBRWAREr AR 1R

lightness value (L,) when formed into a less opaque
ceramic layer.. The third pgwder has‘ a lightness
value (L;) when formed into a most opaque ceramic
layer. The third lightness value is Qreéter than
i:he second lightnesé value, which is greater than
the first iightnéss value. The'.lightness v-alue
differences between the third lightness .va'lue (L;)
and the first lightness value (L) are less than 2.5
CIE L*a;b units. Preferably, the first_'powder has a
first hue (H,) when formed into the_ _l'east opaque
porcelain layer, the second powder has a second hue
(H;) when formed into the less opaque ceramic layer,
and the third powder has a third hue (H;) when
formed into the most opaque ceramic 1ayer.‘

Preferably the first hue (H,) and tﬁe_ second hue.
(H,) are within 5 degrges of the CIE psychometric

hue angle of the third hue (H;).

13



BRI EF BB&ShierHas Bén@eplddetE DRAW NGS Figure 1 is a graphic

pr esent difference in |lightness value for dentin, opacious
dentin elain layers forned from powders of the invention,
and fromprior art powders |listed in Table 5. BRI EF SUMVARY OF THE

| NVENTI ON The invention provides a kit, systemand nethod for t he

prepar at i OPETAJLED PHRSCRIPTION OFnTHE INVENTION
13 restorations. First, second and third powlers are provided in |abeled

containers.  Thed i irfferROWILprdAacs |4 ditessqValdeehLESEr EheWhen formed
into a | east opaque porcelain |ayer. The second powder has a |ightness

val ue (L2) en_faorned ipto S .0p ceram ayer. The_third powder
has a Iightpﬁe S%ra\%é.ﬁtjﬁe ?E[e?c?ﬁ%&vﬁ*ller}l ?%%%5‘& iﬁ%%%érgr‘r%%/ nso'paqu Bceram c

| ayer. The third lightness value is greater than the second_ Iightness
val ue, whi @Fccrdgnest erwitin @ preferred embodiment of the

invention a system of dental porcelain powdérs is
provided for making crowns and bridges | having a
translucent porcelain layer over an intermediate
ceramic layer over an opague ceramic layer. The k_it.
and system include a first set of powders having a
first, é second and a ﬁhird powder. 'Preferably-the
kit and sysﬁem include a second set -o.f powders having
é first, a slecond and Ia third powder.

The fi‘;:st powder hgs a first opacity (0,), a first
hue (Hl); first chrorﬁa (C?) and first lightness value
(L;) when formed into the. translucent porcelain
layer. The sgcond powder has a second opacity (02),' a
second hue '.(Hz), seqond chroma (C,) and second
lightness value (L,) when formed into the
intermediate ceramic layer. The third powder has a
third opacity (0;) ,l la third hue (H;,) , third chroma
(C;) and third lightness value (L,) when f_ormed' into

the opaque ceramic layer. The third opacity (0;) is

14



the first
the third |
| ess than 2.

bet ween

Thi “d The |ightness value differences
|g ~and the first |ightness value (L[err]) are
‘Preferably, the first powder has a first

hue (Herr]) mhen for med |nto the | east opaque porcelain |ayer,

powder has a second hue

t he second

(H err]) when fornmed into the | ess opaque ceramc

| ayer, andomieatesi tdhapmowdr segond tdpaad tyuelQH3Wwhikbnisf gresdernt o t he
ceramic layer. Preferably the first hue (Herr]) and the

nmost opaque

second hue t@HbEthb)fi&%thbabﬂt§ QQQrees of the CIE psychonetrlc

angle of the third hue (

DETAI LED DESO%%#@e rJN%E IClget T§§HF§¥gnthgo ﬁes a MI

and system for

para i o 0 porcelaln

accordance wth a preferred enbodi nent of the |nvent|on a
dental por céighingerdevalue {rdvi deep f Srepirrngttawwiheangespndges having

a translucent porcelain |ayer over an internedi ate

opaque cer alightages. vEdkueki {L,) and the second lightness value

(L;) is greater than the first lightness value (L;).

. The 1ightness value differences between the third

lightness value (L) and the first lightness value

(1,) is preferably less than 2.5 CIE L*a*b* units and

more preferably less than 2 CIE L*a*b* units. Each of

the first hue (H,) and the second hue (H,) are within
5 degrees of the CIE psychometric hue angle of the
third hue (H;) . |

In accordance with a preferred .er'nbod.iment. of the
invention is provided a system of dental porcelain
color tﬁatching by m_easurring reflectance of visible
light from the outer surface of a comparative dental
porcélain article at a plurality of wavelengths. A
translucent powder is formed into a dental po'rcelain
layer having an outer surface having- a percent

reflectance for each of a plurality of visible light

wavelengths. At each wavelength the ti‘ainslucent_

15
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~and sVbis 8eetiHas Beed Replackd r st set of . powders having a first, a second and a
th|rd u t“ ﬁwably the kit and systeminclude a second set of
pomders a second and a third powder. The first powder
has a |rst opacity (Jerr] a first hue (Herr]), first chroma (Clerr])
and first |ightness value (L[err]) when fornmed into the transl ucent
porcel ai n 1llagyer . pEieacontflewtanceas ia sdddférepaci fyond ¢he] ), a
sefond hue (H[err]) second chroma (C2) and second |ightness
val ue | iy er gedi ayer. The
third pomderthas a Fhi ﬁﬁgpa§F?3858F%?§])lﬂ; %E e%?E?errfé yth|rd

chroma (C3) and third |I% tness value (L3) when fornmed into the opaque

ceram c | ayemstapte
second opacity (CIerr]) which is greater

(Oferr]).

ThePr éinwealtlipn fprovides aewshadingposyeeem widh t R

Sblty (O[err]) is 15 greater than the
than the first opacity

rd

| i ght ness value (L[err]) is greater than the second |'i ght ness val ue
(L2) and t he13eQiird1aiivRS Ssdfém® to make coordinated shades

of porcelains .of varied translucency. Such
porcélains are combined to make a dental restoration
corresponding to one dental shade reference article.
In accordance with the invention is provided greater
fidelity 'in hue between the materials to be
Seqﬁentially applied to form dental cerémic'products.

In accordance with a preferred embodiment of the
inventio.n dental technicians use at least two, and
often three porcelain powders to create a crown or
bridge. An opagque porcelain pdwder is always used to
hide a metal understructure. Denﬁin and opacious
dentin porcelains are. fired on top of the opaque

porcelains to create the tooth anatomy. These latter

porcelains are translucent. After firing, the tooth

must visually match the shade guide tab designated in

a dentist's prescription.

16
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(L[ er r Jihis Pheet eplagedn the first |ightness value (L[err]). The
| i ght ne ences between the third | i ght ness value (L[err])
and the s val ue (L[err]) is preferably less than 2.5 CIE

L*a*b* units and nore preferably less than 2 CIE L*a*b* units. Each of
the first hue (Herr]) and_the second hue (Herr]) are within 5 degrees
of the ClE psP&R&Feta¥e isodorngrerdinahion has r Heeme Y(imfidred )to I n
accordance with a preferred enbodi nent of the invention is provided a

system of dmatehipgr edledidhromeL0hed NMRGRBHESs DyEMBamUrdpiel hRgt ance of
visible - light fromthe outer surface of a conparative dental :

porcel ai n a55a§I§ggﬁfgﬁggg[aHﬁd@éUéfmn@gl t$§EChié§cﬁﬁé§£g§|ucent powder

is formed into a orcelaln 'Iayer__aV|ng arr « sur?%ce havi ng a
per cent reflectance for. each of a plurality of visible Iight
mavelengths?ge e 0dtth Wekkl ®Rgt ket Rrompaf8duddi lightness. | gyer
percent reflectance is different fromthe article percent reflectance

by a subs€ahoral lgpordinates of translucent materials are

dependent on the thickness of the sample unless the
samples are thicker than the "infinite optical
thicknessﬁ. In the system of the present invention
all three color coordinates are used and the colors
are matched with samples based .on the infinite
optic%l thickness. |

In accordance with the invention to correlate the
shades ’of the translucent porceléins, shaded
porcelain powdérs ére made of three transparencies.
The infinite optical thickness of the_ most
transparent porcelain is separately determined by
making .fired sampies of progreésively greater
thickneséeé. The Tcolor coordinates and the
reflectivity of the sample for visible 1light
transﬁitted to the sample at each of severéi

individual wavelengths (preferably at ten or more

wavelengths between 400 and 700 mm) is measured with

17



coI or- henme to make coordi nated shades of porcel ains of
var i ed Such porcel ains are conbined to nake a dental
estoratlon correspondl ng to one dental shade reference article. In
accordance with the invention is provided greater fidelity in hue
between the Datarolkds spectoplssmmetddral |y SyEfeathdly f ashesdent al

H‘WMM The invention provides a shading systemwth a

ceram c products. In accordance with a preferred enbodi nent of the
nventi on qeRieledtHl £+& N1 y' 828trideedNdvel! LA LR POTCe Al N
powder s to Create a crovvn or bri An opaque porcel ain powder is always

used to derstructure. Dent i n and opaci ous , dentin
por cel ai ns Qﬁ w‘a]vreé. gﬁ?n?‘f’l%{%?)%q cheFﬁ'F’ﬂ €to ¢ ‘the tooth
anatony. These |atter porcel ains are transl ucent. After firing, the tooth
must vi sualnil ItmetiensheCicideespui e sebedesdghat epproximatentthet ' s
prescription. _ 17 Prior art
col or - coor dir¥atd ¥ ha&ptbﬁ&ﬂ”@ﬁi‘&é‘hé@s. That is, at this
thickness and thicker, the color coordinates and the
reflectivity of the samples chaﬁge very little, no
matter whether the background is white ér black.

Next, samples of each of the threelwhite porcelains_
are pressed and fired. .The scatltering—to—absorption
ratio, K/S, of these samples are measured at sixteen
visible wavelengths of 1light using a Datacolor
specﬁrdpﬁotometer. Next, pigments are added to one
of the translucent' porcelain powders. The pigments
are adjusted until fii‘ed samples of the porcelain
visually (or spectrophotometrically) match a shade
guide tab. These samples are made of approximétely
the same thickness. After the visual match (or
spectrophotometric percent reflective match at a
plurality of wavelengths) of one translucent

porcelain is obtained, a thicker sample of the

porcelain is made, at the approximate infinite

18



mat chi ng t he™

However, colo

| i ght ness.

on the thickness of the sanple unless the sanples are thicker than the

"infinite opti,cal Lckness". |n th ystem of the_.present invention all
t hree col OP%&&&% nggég ?§SUSedT§ﬁd ’?ﬁ% a8l oPgasured ek ThefABt h sanpl es

based on the infinite optical thickness. In accordance with the

i nvent i on wigmentedateoreelaimadenplet The R/Sanisucediculpsedel ains,
shaded porcelain powders are made of three transparencies. The infinite
optical tH@EKkREsES réhainik® twdSporteBaASHA| By RALGEhahIngStheparately
determined by making fired sanples of progressively Qgreater

t hi cknessesg. Ne r or ¢i,pat es.. t; r ectivity of the
sanpl e fo?hf\ﬁesri %g Ioilﬁg)httﬁ?r ané%tt%}(?stu?é?he fsé%rrplgltlétt ;é'g% Sof several

i ndi.vi dual wavel engths (preferably at_ten or nore wavel engths between 400
and 700 MmPorEetgiFre@dswshpwn in’ Table 1.

19
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uni formy di Ihishuefieg BayRepliche T ange

Preferably
of wavel engt hs

sanpl e. Eig s thickness is selected to approxinate the
infinite opti : That is, at this thickness and
thicker, the c es and the reflectivity of the sanples change
very little, no matter whether the background is white or bl ack. Next ,
sanpl es of eac, : ' | : ired. The
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19 OptiQQL__LhLGkHeSS—‘"‘ThE KIS .is measured for this pignented
porcel ai n sanpl 1a5daS i s calculated for the remaining two

por cel ai n¥t g the difference in the K/'S nmeasured for the
white por ﬁi\ﬁm QWV\M in Table 1. 20 [err]

21

The K/S values are converted to reflectivity using equation
1,:wh¢re'r is the reflectivity at each wavelength for which
K/S is calculated.
K/S = (1-r)%/2r (1)
The tristimulus wvalues of the other two porcelains are
calculated, as in Table 2, from the product of the
reflectivity at the sixteen .wavelengths' and the spectral

power and observer functions in Table 3.
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3.2320 . 15. 3830 6.6790 1.1060 34.3760 6.0960
2.6200 35 3 210 4.9380 15. 8970 0.0590 8. 6680
ﬁmR. dc .
3. 99701h 8460 1.0460 6.8100 17. 3550 0. 2370
12. 1650 ‘ k 0. 0020 16.4670 14. 1480 -0.0020 17.2330
10. 1050 2.8940 : 0. 0000 6.2260 2.5870
0. 0000 . 1110 .0. 8270 07@6@%i9%.5330 0. 2220 0. 0000
0.1200 0. 0470 0. 0000 : 24 The
tristunulas values, x, y , and Z are used to calculate the O E
coordi nates Iffa B. ETOMINg.colOr._coorajnates, _ana carpbration data for
the pignments,| forntffas ar¢ made Bhat haje the BBl or codrdinates
0.2510 0.0230 1.0900
3.2320 0.3300 15.3830
6.6790 l;1060 34.3760
6.0960 2.6200 35.3550
1.7210 49380 15.8970
0.0590 8.6680 . 3.9970
2.1840 13.8460 1.0460
6.8100 17.3550 0.2370
12.1650 17.1570 0.0020
16.4670 14.1480 -0.0020
17.2330 "10.1050 0.0000
12.8940 "6.0200 0.0000
6.2260 2.5870 0.0000
2.1110 0.8270 _0.0000
0.5730 0.2220 0.0000
0.1200 0.0470 0.0000
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desi r ed. Thi

porcel ai n
very sat

]

Eén1 predicts an opaque and opacious

s as Been
ﬁ | to "color fromw thin" and the visual

CIE tristimulus values and their calculation fromthe spectra

a given

For i nstancthesexriBitimiper wabusa) t zpyany

dentin
results are

he: principles wunderlying the wutilization of

response of

color are known to those skilled in the art of color analysis.

, PRAINC| Bl EfreOF u€edOR d ECHNOLOGY

Second Edition, John W ley & Sons, 1981, especially pages 44-46, 80-83,

and 174, angafgg

egd 1’1\@37&%' cobI Rl dS BLELMESSroROENCR AN

| NDUSTRY,

Third Ed|t|on %n Wley & Sons 1975, espeC|aIIy pages 139-169, for
di scussi ons of the nmet hod calc%iqi % i stimulus val ues.
Brai heE

Briefly, thSCRFEIRAFes) nf s ﬁRﬁ?Eﬁqg

o IPELES

spectrophotonetric data by nultiplying, wavel ength by wavel ength, the

spectra
25 power

rEprmelancansg madesdipite BRye ke r odory cceprdinates

of the illum nant, and the val ues of the

desired. Such a system predicts an opaque and
opacious 'deﬁtin L;)gréelains' chroma leads to "color
from within" and the visual results are very
satisfactory. The principles underlying the
utilization of CIE tristimulus values and their
calculaﬁion from the spectral resporise of a giveri
color are known to those skilled in the art of color
analysis. For instance, see Billmeyer and Saltzman,
PRINCIPLE-:S OF COLOR TECHNOLOGY, Seéond Editién, John
Wiley & Sons, 1981, especially pages 44-46, 80-83,
and 174, and Judd and Wyszecki, COLOR IN BUSINESS,
SCIENCE AND INDUSTRY, Third Edition, John Wiley &
Sons, 1975, especially pageé 139-169, for discussions
of the methods used to calculate CIE tristimulus

values. Briefly, the CIE tristimulus values are

" obtained from the  spectrophotometric data by

multiplying, wavelength by wavelength,' the spectral

reflectance of the sample (R), the relative spectral

24



respect iTng stdeEHSBIGARPIODSEer ver functions (P[err] Plerr] Plerr]) These

products i up for all the wavelengths in the visible region
of the spglﬂljgmm“! lilfls are avail able that give the products of the CE
standard ions and the spectral power for various CIE
illumnants (e.g., daylight, incandescent, and fluorescent) for each

wavel engt h. pole@sedfablhe aitlumedaho, Codndl adlee t Maludsst ioful ghe val ues for
standard daylight i ncandescent, and fluorescent |ight sources for the

sanpl e under,.g t]li%te: OEI UL Eﬁ.ééﬂr%gl Lﬁmﬁﬂﬁ% t(P qPE L*a*b*

coor di nat es ‘A cu ate as In equatlons ¥ L*=116%
((Y/100) [errl (1/3) -16 a*=500* (( X/ 94. 83) [err](1/3)
-(Y/ 100) [ er P! ¢ 1/Phgse praguchs— f@@*(t}(‘er‘FlG@)iFér ryP ( £P3) -3l 15ne3g
Ylerr](1/3)) (4) One trio of porcelains is prepared as descrlbed
above and coemyaletdgthsprimr thet piwidelai negichd cfs thet ap&cegamt.rom Vit a,
Inc., WIl-CeramfromWIlianms, Inc., and Ceranto |l from Ceranto, Inc.

Val ues of  big@leRessrd L’é)rai'masléh@ha?cndgm ObBe( Prodiitdd ef the

CIE standard obsgrver functions' and the spectral
power for various CIE illuminants (e.g., daylight,
incandescent, and fluorescent) for each wavelength.
These tables are used to calculate the tristimulus
values - for standard "daylight, incandescent, and
fluorescent 1light sources for ﬁhe sample under
evaluation. From the tristimulus values the CIE
L*a*b* c:)ordinates are calculated as in equations (2

- 4) as follows:

L*=116*((Y/100)*(1/3))-16 _ (2)
a*=500* ( (X/94.83)~(1/3) - (¥/100)*(1/3)) (3)
b*=200* ( (¥/100)~(1/3)-(Z/107.38)"(1/3)) (4)

One  trio of iaordelains is prepared as described
above and compared to prior art porceléins sold as
Vita Omega from Vita, Inc., Will-Ceram from Williams,
Inc;, and Ceramco II. from Ceramco, Inc. Values of

lightness (L*), hue (h*) and chroma (C*) and the

25



26 di f f &hie thr dent | n, opacious dentin and opaque porcelain
| ayers ar le 4, for ceramc fornmed froma system of dental
por cel ai n he present invention and ceram cs fornmed from

syste of pr| or art dental porcelain powders sold by Ceranto II,
Vita- Onega % %r rrj
28 Hue is t e ang rlce agﬁ%]é%l?rg%rt ﬁignﬁ&r%l zoorﬁaacf’l‘ %hde%%f'ﬁt a@fieat es when
connected to the origin_ of the
opaque porcelain layers are shown in Table 4, for
ceramic formed from a system of dental porcelain
powders of the present invention and ceramics formed

from systems of prior art dental porcelain powders

sold by Ceramco II, Vita-Omega and Will Ceram.
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e . : ’%

graph of b*Th\{@sfhﬁﬁa@Beenﬁéﬁcéds found nathematically fromequation 5. 3

Chroma is th ach point fromthe origin, and is found
mat hermat i cal | u I Il“IH]E on 6. Mathematically hue and chrona are
expressed as:

an[err}(b*/a*) (5)
Chroma = J[err](a*[err] + b*[err]) (6) For the Vita Onega
porcelain, the lightness is highest for the opaque and usually | owest
for the dentin porcelain. For Ceranto |l porcelains, the |lightness is
highest for the opacious dentin porcelains and the opaque and dentin
por cel ai ns Y af . Por ¢ellafng rmade| 1{n| gcqorldgnce with the
I nvention vail ght pessjval de L) that }{decrledasd |f rjomh t he opaque to nore
transl ucent| op@c| glig| denti hs | 3N |dentizn =Rarfcal disns| ¢ |'i ke systens for
maki ng porfcel &i hs{ rFpsac¢od dange |wilt h =tjttg “ijnentilcon,” [prlf or art systens for
maki ng por cletarms—{rayr g 1g €3S | vallugs [T qr |odadue rcel ains which are
| ower than | he 29 |l ijght ness val ues for
opaci ous defit{n pe geb?ims,gas g 18|83 8|98
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shown in 'ﬂiﬁ’slﬁheetnasBeen dstency for hue, chroma and |ightness value is
provi ded | de in accordance with the invention. Thus, the
|nvent|on ched shades for use in making porcel ains products
havi ng n ue, chroma and |ightness val ues. X, Y and Z
respectlvely are the suns shown in Table 2. The invention provides
col or mat clauwg d4st scid anglanmeapuwed ,fione phaddoriongalhesaatierial for a -
t ransl ucent porcel ain and the another powder being the nmaterial for a.
ceram c hayy .d I n t rggl@i n, such
t hat, when éﬁgﬂ@po e?gsaﬁgﬁ?ﬁr%%mgﬁgggoﬁl giﬁﬁ é#}:;nggol oré The
povvders provi ded Eé t he |nvent|on may be.,in the form of dr ovvders

d R

they may beSHRRM t HekSef Glird 08 1. @Fneﬁqu;?l JiRbam 1¥ o form a
paste. Figure 1 shows the differences in |lightness values from Table 4
i ncl udi ng |fnem 12quat ioer afi c | Gheoma figr nkle fdisrhammendefs eadh
accordance with the invention. The |ightness values of the
ceramc point from the origin, and is -found mathematically

from equation 6. Mathematically hue and chroma are

expressed as:
Hue = -fan'l(b*/a*) - (5)
Chroma = V(a*® + b*?) _ . (8)

For the Vita 6mega porcelain, the lightness is
highest for the opaque and usually lowest for tﬁe
dentin porcelain. For Ceramco II porcelains, the
lightness 1is highest for the opacious dentin
porcelains and the opaque and dentj.n porcelains. are

" similar. Porcelains made in accordance with the
invention have lightness wvalues (L) that decrease
from the opaque ﬁo more translucent opacious dentin
and .dent:in porcelains. = Unlike systems for making
porcelains in accordance with the invention, prior
art systems for making porcelains having lightness

values for opaque porcelains which are lower than the
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I nventi on I ncrease

30 IayerEh ers I n accordance with the i [ [
froma Ia nost opaque powder to a layer fornmed froma
| ess opaq Iayer formed froma | east opaque powder. The

change in Ilghtness value is substantlally nmonot oni c.

By contrast the

ness_val ues ;14. .16 and 18 .for ceran1c | ayers.

[ i f diff [ i
formed v ont OREFESET valuesl F0A CORatLous: daREs Ao gk

i @ |t

shoul d be understood that while the present invention has been descri bed

in consi derahown din aTablei4h respect to certain s
thereof, it should not be considered limted to such

pecific enbodi nents
enbodi nents but may

be used in ot beastByentit oyt hudgpaiHrema fandn TiyhtsRigd tvadfud his i nvention

and the scope of the appended cl ai ns. at

is clained is:

provided in porcelains made in accordance with the
invention. Thus, ﬁhe invention provides prematched
shades for use in making porcelainé products having
consistent hue, chroma.and lightness values.

X, Y and Z respectively are the sums shown in
Table 2. |

The invention provides color matching seéets of
ceramic powder, one powder being the material for a
translucent porcelain and.the another powder being
the material for a ceramic having a lesser degree of
translucency than thé poréelain, such that, when the
powders are fired, the_pbrcelain match iﬁ color. The
powders provided by the invention may be in the form
of dry powders, or they may be premixed with a
liquid (originally aquebus based) to form a paste.

Figure 1 éhows the differences in lightneés values
from Table 4 including line 12 for ceramic layers
forméd | from powders in accordance with the

invention. The lightness values of the ceramic
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1. A Ki tThis SheetHue B ﬁm. wdlon of porcelain dental ' restorations having a

nost opaqu underlying a | ess opaque ceram c | ayer
p05|t|oned ast opaque porcel ain |layer, conprising: a
first pomder enc osed by a first |abeled container and having a first

opacity (0[ %gg and a _first Ilghtness value (L[err]) when formed into
said |east %?J'F'E%‘Fal fxom,Rewders e dgn ncen@igdedthy a second

| abel ed contai ner having a second opacity (O[err]) and a second |ightness
val ue (L2)imkentfionneichdrdamesatromeas lapagpiefcetiédi €romayermognd a third
powder enclosed by a third |abeled container having a third opacity (03)

and a thirgdphhfBt RIS UE gLCj)ay\g}erEgﬂﬁ f?ﬁlo aSaidlg n%)‘éé?_@?aque-

ceram c | ayer, "~ said third opacity (0 err bei ng gre han sai d
seoant OPaCLbyakRl 80D Aa5 AN AR ATl St eater (e
being greater_ than said second Ilghtness val ue (L[err]) and said second
The change in llghtness value is substantially
monotonic. By contrast the lines for differences in
lightness values.14, 16 and 18 for ceramic'iayeré
formed from prior art powders are substantiélly not
monotonic.
It should be understood that while the present
invention has been described in considerable detail
with respect to certain specific embodiments
thereof: it should not be considered limited to such
‘embodiments but may be used in other ways without

departure from the spirit of the invention and the

scope of the appended claims.
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32 |ightness valuﬁslh&}hbse m ceit er than said first |ightness val ue

(L[err]). aiml wherein said:
100 percent opaqu

klt of claim?2 mhere aC|ty
percent opaque ““Fm li Umal m 1
mherein said thlrd Ilghtness value (L3) and sald flrs

(O[err]) is fr ercen

(L[err]) havwhat Usfé&dacmed is:!ightness value of tess than 2. 5 CIE L*a*b*
units. 5. The kit of claim2 wherein said first powder has a first
chroma (Cferr]) and said third powder has a third chroma (C3) and said
third chroma (C3) and said first chroma (C[err]) have a difference in
chroma of less than, 3 CIE L*a*b* units. 6. The kit, of claim1 wherein

said first pbwde® s &0Fi thie HREePRFAtiPy Wﬁeﬁ9¥ﬁ?&§F4néﬁn§ﬁid | east

restorations having a most opaque ceramic layer
underlying a less opaque ceramic layer positioned
benéath a least opaque porcelain layer; comprising:
a first powdér enclosed by a .first labeled
container and having a first'_épacity .(01), and a
first lightness value (L,) when formed into said
least opaque porcelain iayer, a .second powder
enclosed. by a second labeied container having a
second opacity (0,) and a secoﬁd iightness value
(L;) wﬁén formed into said less opague ceramic
layer, and a third pow&er enclosed by a third
labeled contéiner having a third opacity (0;) and a
third lightness value (L,) when formed into said
most opaque ceramic layer,
| said third.opacity (0;) being greater than said
second opacity (0,), said second opacity (O,) being
greater than said first opacity (0,;),
said third liéhtness.vaiue (L;) being greater

than said second lightness value (L,) and said second
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33 opaqu@hl sai d second powder has a ~ second hue (H2) when
formed int aque ceram c | ayer, Hﬂ J j"ﬂ [mm has a third
hue (Her into said nDbt | ayer,

each of said first hue (H[err]) and said second hue H[errﬂ) being within
5 degrees of the CIE psychonetric hue angle of said third hue (Herr]).

7. The kit ldightineisa 1vahkeeei(d,}aikeifig sgreaseepnthaandsabd r fipender each
conprises an inorganic pignent. - 8. A system of dental porcelain
powders for jRRffivHessS MM a1d)kridges having a nost opaque ceramc |ayer
underlying a I'ess opaque ceranic |ayer positioned beneath a | east opaque
porcelain |ayer, conprising: a first powder-enclosed by a first

| abel ed

2. The kit of claim 1 wherein said third opacity

(0;) is 100 percent opaque.

3. ' The kit of claim 2 wherein said second opacity

(0;) is from 94 percent to 99 percent opaque.

4. The kit of claim 1 wherein said third lightness
value (L;) and said first lightness value (L,) have
a difference in lightness value of less than 2.5 CIE

L*a*b* units.

5. The kit of ciaim 2 wherein said first powder
has a first chroma (C,) and said third powder has a
third éhroma (C;) and said third chroma (C;) and
said first chroma (Cl) have a diffefence ip chroma

of less than 3 CIE L*a*b* units.

6. The kit of claim 1 wherein said first powder

has a first hue (H,) when formed into said least
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cont ai n&his eplaced | st opacity (O[err]) _ : i.ght ness val ue
(L[err]) Hﬁﬂmﬁm \ to said |east opaque iﬁﬁ!ﬁﬂﬂﬂllﬂ%ﬂﬂlﬂa second
powder | _ 34 encls d | abel ed

contai ner having a second opacity (O[err]) and a second |ightness val ue
(L2) when formed into said | ess opaque ceramc |layer, and a third powder
encl osed by epatued pdmirslaich cdayernersaadi sgcandhi powdencilias (83) and a
third lightness value (L[err]) when formed into said nost opaque ceramc
layer, s88bfdt e PRACT dieh OFbriiRidn 0l Sakgh al kS abgagagcond
opacity (O[err]), said second opacity (O[err]) being greater than said
first opacit Olerr],) sai.d third lightness valu (ilgfa ei ng greater
than said se%%%ﬁ‘h‘?gl‘?‘ta}yeeé% vERGS (%r£n8°§§?’a j"g"csona %t} nEEE val ue (L2)
being greater than said first_|ightness value (L[err]). 9. The system
of clai m8 whBslei Whare |fiqgmesksdnto said most opaque ceramic

layer,
each of said first hue (H,) and said second hue

(H,) being within 5 degrees of the CIE psychometric

hue angle of said third hue (H,).

7. . The kit of claim 1 wherein said first, second
and third powdef each comprises an inorganic

pigment.

8. A system of dental porcelain powders for making
créwns and bridges having a most opaque ceramic
layer underlying 'a less opaque ceramic layer
positioned beneath a least opaque porcelain layer,
comprising: |

a first powder enclosed by a first labeled
container and having a first opacity (0;), and a
first 1lightness value (L;) when formed into said

least opaque porcelain layer, a second powder
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val ue diff & Replaced | thi rd | i ghtness value (L3) and said first

| i ght ness vil ‘ Erew ess than 2.5 C b iins. 10. The

system of d powders of claim -8 mﬂHim"d st powder
: * C L L S

has a first hue (Herr]) when forned
into said | east opaque porcelain |ayer, said second powder has a second

hue (H err])emndkosédr ey a nsecendd lasslepaqomtedmsEn c haanieg, said third
powder has a third hue (Herr]) when forned into said nbst opaque ceram c

ayer, 5865n8" SRk iy T 3b, NUadd 87 rddcany IaighesReantyiYge (H2) being

within 5 degrees of the CI'E psychonetric hue angl & of said third hue
(Herr]). . The system dental por.celain powders of _claim 8 wherein
said first p&&&]}er- asft&ﬁ"}?% eat@rrfglﬁhehles?or%aqPﬁt 0“8 Feast opaque
porcel ain layer, said second powder has a chroma (C2) when fornmed into

sai d | ess opht@yerceramdc a aydrirdappwden depodgsed by a third

labeled container having a third opacity (0;) and a
third lightness value (L;) when formed into said
most opaque ceramic layer,

said third opacity (O;) being greater than said
second opacity (0,), said second opacity (0,) being
greater'than said first opacity (0,),

said third lightness value (L,;) being greater
than said second lightness value (L,) and said second
lightnes; value (L,) being greater than said first

lightness value (L,).

9. The system of claim 8 wherein the lightness
value difference between said third lightness value
(Ly) and said first lightnesé value (I,) are less

than 2.5 CIE L*a*b units.

10. The system of dental pbrcelain powders of claim

8 wherein said first powder has a first hue (H;)
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has a chromaT(h Sfmed into said rmst ue ceramc ,
each of said t ) being greater Juuﬂrj i J‘II!HMF chroma
(err]) and s oma (C2) being first chrona
(

Cerr]), and the dlfference bet ween said third chrorra (C[err]) and said
first chroma (Clerr]) being less than 10 CIE L*a*b* wunits, o

36 12. ThewheBt ERFBRAJARER STdckleash RRREIS PPTEPRhR Ba¥VEF: her
conprising a second set of powders, said second set of powders conprising

a first powdeaid(®geondl) poaderghasf ar sbcbnghhness(Hyhl wken( Epemedl) when
formed into said | east opaque porcel ain |ayer, second powder (P[err])

having a secppd, "%’i&‘eﬁ%s‘éal Bﬁ?gfll?[e éj_.%%%\@ﬁgaf&g{ed Nt sk gyl ess opaque

ceram c | ayer, owder err | ghtness val ue

Llerr whenforrredlnto sai d st opa ceram c | ayer
(Ll D powder has a thlrdn%ue PH when ormed ylnto said

most opaque ceramic layer,
each of said first hue'(Hl) and said second hue
(H,) being within 5 degrees of the CIE psychometric

hue angle of said third hue (H,).

11. The system of dental porcelain powders of claim
8 wherein said first powder has a chroma (C;) when
formed into said least opaéue porcelain layer, said
second i)owder has a chroma (C,) when formed into
said les-s.opaque ceramic layer, said ;hird powder
has a chroma'(c3) when formed into said most opaque
ceramic layer,

each of said third chroma (C;) being greater
than said secohd chroma (C,) and said second chroma
(Cz) being greater than said first chroma (C,), and
the difference between said third chroma (C;) and
said first chroma (C,) being less than 10 CIE L*a*b*

units.
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sai d fLLsL—LF ue (L[err]) being Iess—fhaﬁ——saFd-second | i ght ness

val ue (L[ er Has eén adedian 3 CIE L*a*b* unit f| rst | i ght ness
vaIue(L essthan said third lig ﬂ r]) by
| ess than unlts 13. The syste Ialn powder s

of Claim I d second set first powder (P[err]) has a first
(H err]) hue when forrred Into said | east opaque - porcelain |ayer, said
second set second powder (P[err]) has a second hue (Herr]) when forned

into said | es3. The system of dental porcelain powé@eeguefceladinc | ayer,
sai d second set thlrd powder (P[err]) has a third hue (Herr]) when

formed into gai esé_q?Say GebB¥8 set of f@,‘g?{.érsgagae (Herr])

being within 5 egrees 0 ychonetrlc hue an sai d second hue
(Herr]) ang salna fi rgt oé &v%ﬁ bei ngfwl t hlal:l %ici_es%r ee(s)wggr .CI E
psychonet ri cSRGBPGngPet 0% aP Ted RABPTHELPY]) P
(P;g) having a lfirst lightness wvalue (L,;) when
fo:é‘med into. said least. opaque porcelain layer, a
second powder (P,,) having a second lightness value
" (L,s) when formed into said less opaque ceramic
layer, a third powder (P,,) having a third lightness
value (L;;) when forﬁed 'into said most opaque
cerémic layer;
said first lightness value (L,5) being less than
said second lightness value (L,g) by léss than 3 CIE
L*a*b* units and said first iightness value (L,g)
being less than said third lightness value (Iﬁsf by

less than 3 CIE L*a*b* units.

13. The system.of déntal porcelain éowders of Claim
12 wherein said second set first powder (P,;) has a
first (H,,) hue when formed into said least opaque
'porcelain layer, séid second set second powder (P,;)

has a second hue (H,;) when formed into said less
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14. Théhi S (FECN, &f porcelain powders of C ajm i aid second
set thirE ﬁ | lue (L[err]) is greater tuutll‘slmmaggjﬁlget second
| i ght nes ]) ‘and said second set sec c Tt al ue -
(L[err]) is greater than said second . set first |lightness value (L[err])
15. A nethod of naking orcelajn dental prosthesis, having a nost
opaque cer an?RaFYG e FETENGEYr ﬁﬁ)%df'a $atd SFSEHE SELaniRIFSYRPWESE ti oned
beneath a | east opaque porcelain |ayer, conprising: providing a first
powder encl oéRgl)byhae f ar sthitdbbed 3l aiwhen afidrhedi ngtao f s8asd opacity
(dJerr]), and a first lightness value (L[err]) when fornmed into .

38 said I_eafﬁ(gsgp@?é@ug%gfgﬁi@ 1ayefr, a second powder enclosed by a
second | abel ed container having a "~ second opacity (O[err]) and a second

lightness value (L[err]) when formed into said |ess opaque ceramic |ayer,
and a third pom%rai%nctlioxssecd Qé{ea(hgs')r %eing within 5 degrees of

CIE psychometric hue angle of said second hue ' (st).
and said first hue (H,5) being within 5 degrees of

CIE psychometric hue angle of said third hue (Hg)

14. The system of dental pdrcelain powders of Claim
12 wherein said second set third lightness value
(Lyg) is greater than saidl second set second
lightnes_g value (L,g) and said second set second
lightness value (L,s) is greater than said second

set first lightness value (L,g).

15. A method of  making a porcelain ~dental
prosthesis, having a most opaque ceramic layer
underlying a less opagque ceramic layer positioned'
beneath a least opaque porcelain layer, comprising:
providing a first powder enclosed by -a first
1ab¢1ed container and having a fi;rsi: opacity (0,),

and a first lightness value (L,) when formed into
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| abel e'nndhmtﬂa g a third opacity (03.) hird lLight ness val ue

(L3) mh said nost opaque ceran1cj] u J 'u ﬂ third

opaC|ty ater than said second op ) |d second
[er :
co

opacity err]) being greater than said first opaC|ty (O[err]),
said third |lightness value (L3) being greater than said se n Ilghtness

val ue (L[ er SPR%Ante3%F dOPBEHRd PALCEHRHds SLa¥8 e 2 LEEFPPR RAWAEreat er than

said first |ightness value (L[err]). formng said third powder into
sai d nost omEagpieserker by ca |ssmond olabelesuibsbnhatnerf diaavimmg a second
powder .into said | ess opaque ceramc |layer on said nopst opaque ceramc

|ayer, for macel dobhEstyPONYS" ahAl oa Selob?S] 1oREAES CVATE | VST O

said | ess opaque ceramc 39 16.

The rethod of ¢l af 15 MieLeln i AL RO QR AR e e

layer, and a third powder enclosed by a third
labeled container having a third opacity (0;) and a
third lightness value (L;) when formed into said
most opaque ceramic'layer,
said third opacity (0;) being greater than said
gsecond opacity f05), said second oéécity (0,) being
greater thaﬁ said.first opacity (0;),
said third lightness wvalue (L;) being greatér
than said second lightness valué (L) and said second
lightness value (Lz)'being greater than said first
| lightness value (L) .
forming said third powder into said mosﬁ opaque
" ceramic layer on a substrate, forming a .second
powder into said less opaque ceramic layer on said
most oﬁaque ceramic layer, forming said first powder
into said least opaque ceramic layer on said less

opague ceramic layer.
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17. ' THais e‘i’n 16 wherein said second opacity (O[err]) is
from94 perce ﬂ nt opaque. 18. The 15 wherein
said third (L[err]) and said fi 'Imllrm‘““u?ﬂlﬂl/l“l

(L[err]) have a dlfference in lightness value of I*es§ %thdah 2.5*CIE L*a*b*

units.
' 16. - The method of claim 15 wherein said third

opacity (0,) is 100 percent opaque.

17. The method of claim 16 wherein said second

opacity (0,) is from 94 percent to 99 percent opaque.

18. The method of claim 15 wherein said third
lightness value (L;) and said first lightness value
(L,) have a difference in lightness value of less

than 2.5 CIE L*a*b* units.
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