DENTAL - i?CC]_CIJR ‘M XTURE | NDI CATCR | nventi on The present
i nventi‘on’ réﬂates to dentistry an rt to 5 an_i npiNoved
/c

col our nixture indicator device mhlch finds par. ul ar appl'ﬁgﬁ§ T ”

sel ection of desired artificial tooth_golouring in the fabr =KE HAS BEEN
bri dges, crowns, partial dentures, and the like. Related Di yED

The present application is rggd R MixTure PabemtodNoevids 657, 399 i ssuedS<in
the nane of Neil R Hall, who is also the inventor and applicant in respect
of the present application. The noted U S. patent clains priority from
Australian applig ¢ P gOZ | odged on 23 Decenber 1983. The

di scl osure of tﬁgfﬁ%%ﬁ—%g%%ﬁggr% I ncorporated 15. herein by

cross-reference. The present invention relates to dentistry and, in particular, to

5 an improved colour mixture indicator device which finds particular
application in the selection of desired artificial tooth colouring in

the fabrication of bridges, crowns, partial dentures, and the like.

Related Disclosur
10 The present application is related to U.S. Patent No. 4,657,399

issued in the name of Neil R. Hall, who is zlso the inventor and
applicant in respect of the present application. The noted U.S. patent
claims priority from Auﬁtralian application No. ?GEOOZ_lodged onh 23
December 1983. The disclosure of the U.S. patent is itncorporated

15 herein by cross-reference.

Description of the Prior Art

" The dental colour mixture indicator gGevice and method disclosed

in the noted U.SL patent has not yet experienced zny commercial

20 success. The device is intended to assist gentists and/or dental
technicians in the selection of a desired tooth colour whea replacing
or repairing teeth or when fabricating crowns, bridées or dentures.
The device also permits proper colour mixing whers necessary to_achieve
a selected colour.

25 To aid in the description éf the present invention, Figs.'l-s of
the noted U.S. patent have, for convenience, been reproduced as Figs.

1-5 of the present specification. Thus,
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Description of the Prior Art The dental colour m xture indicator device and
net hod *di scl'osed in the noted U.S. patent has not yet experienced any
comercial 20 success. The device is intended to assist dentists and/or
dental technicians in the selection of a desired tooth col our when
replacing or repairing teeth or when fabficating crowns, bridges or

dentures. The device gl.so.permts proper col.our .xjn e _hecessary to
achi eve a sel ected coﬁ%&T} EBarem19uR?qgn§fd%$ og%éhd%? r?éﬁf@ﬁ?of t he

present inventioncolbli@Sin &-Hrof fdre€icant erhnbl.oB.a pRuENtoldar &ystedr
conveni ence, been reproduced as Figs. 1-5 of the present specification.
Thus, BFD/ 359K Fig. 2 is a representation in a second "horizontal™ co-ordinate
plane of the same range of dental colours, |
5 Fig. 3 is a schematic perspective view of the colour body of
Figs. 1 and 2 represented in a different co-ordinate system,
Fig. 4 is a front elevation of the colour mixture indicator
device, and |
Fig. 5 illustrates how the device of Fig. 4 is held over a
10 patient's teefh for comparison purposes, which was intended to allow
part of a tooth to be viewed while the rest is obscured.
The preferred form of three-dimensional colour system is a
cartesian colour system having a uniform colour scale, such as the
CIELAB psychometric colour system. In this system the majority of the
15 range of dental colours fall within a substantially ellipsoid quy 10
which is i]]ustrated‘in Figs. 1 and 2. The CIELAB system represents
colours in a three-dimensional cartesian co-ordinate system in which
the “"horizontal" chromaticity co-ordinates are designated "a" {positive
representing red and negative representing green? and "b" (positive
2¢ representing yellow and negative representing blue). Thus the positive
and negative portions of the "horizontal" axes represent opposed
colours. In this systém the "vertical" axis represents luminance or
lightness e These expressions are used interchangeably. A variant

of the co-ordinate system expresses the rectangular co-ordinates "a®

25 and “b" as polar co-ordinates "C" and "h", where "C" is the magnitude
component representing chromacity and “h" is the angular component

representing hue.
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-2- Fig. 1 is a representation of the possible range of dental colours in a
first "vertifcal" plane of a visual colour system Fig. 2 is a
representation in a second "horizontal" co-ordinate plane of the sanme range
of dental colours, 5 Fig. 3 is a schematic perspective view of the
col our body of Figs. 1 and 2 represented-ih-a different co-ordinate system
Fig. 4 is a front elevation of the colour m xture indi cat(g%i% vi ce, and

Fig. 5 illustrates how e 2B ¥e" Jf FIsﬁﬁ"gtz_a4‘-’ri’§ Hel'§eo0Ry® e hagy Eht' s
teeth for conpari somePEiROSES I MG NEen i tat @NEtEthet M jBHItOWF the range of

dental colours embraced by the body. The body 10 is approximated to
the elongate colour body shown in Fig. 3, with the intersection points

5 of the grid (defined by the a and b axes) covering a broad range of
colours; each point corresponds with one of the colours 1 to 9 shown in
Fig. 3. The horizontal cuts 26 through the colour body of Fig. 3 are
equally spaced, and therefore represent each of the colours 1 to 9 at
various discrete values of luminance, L.

10 It is also convenient to briefly restate the manner in which the
indicator device 20 is used to match tooth colour. The colour mixture
indicator device 20 shown in Fig. 4 has nine colour samples 11 to 19
arranged in accordance with the co-ordinaie system of Fig. 3 to allow
correct matching of tooth colour with one of the colours 1 to 9, or as

15 a mixture of any two adjacent.colour sampies (say, 11 and 12, or 19 and
16).

In assessing the desired colour for the artificial teeth to be
fabricated for a patient, it was intended that the dentist select one
of the five co]our mixture indicator devicss 20 (there being one device

20 20 for each of the cués or lightpess levels 26 of Fig. 3). This device
would then be held against the existing or remaining teeth 28, 29 and
30 of the patient as indicated in Fig. 5. 1t is apparent from Fig. 5
that the size of the colour samples 11 to 18 and the spaces 22 to 25,
facilitate the colour comparison since, for example, all the colours 2,

25 6, 1 and 9 of the corresponding samples 12, 16, 11 and 19 can be
directly compared with the.colour of the tooth 29. If neither of these

colours is an exact match, then an evaluation of the mixture of colours
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part of,a tooth to be viewed while the rest is obscured. The preferred form
of three-dinensional colour systemis a cartesian colour system having a

uni form col our scale, such as the ClELAB psychonetric colour system In
this systemthe majority of the 15 range of dental colours fall within a
substantially ellipsoid body 10 which is Ji}jlustrated in Figs. 1 and 2. The
Cl ELAB system represents colours in a three-di nensional cartesian

co-ordi nate system ijnapahz Chort BampROrca7 @B tmabie’ bE REOIRBLING ithy rear edndiRAd RS are
designated "a" (positive representing red and negative representing green)
and "b" (positive 2@iormeép°rre®émw<ﬁge IqObW"aSﬁEip‘ﬁégétﬁ"Ge‘Zrepresent| ng bl ue).

Thus the posi tive and negapine, AL L00s, af 4 hei 0K aontabs P kopiasent

opposed colours. In this system vertic axis represents |l umnance
or lightness "L". ?hkewt]@mrse&stmnﬂ;emmednﬂ&ednu odvecec bargeddeyseledteyar i ant

5 corresponding to a different cut 26. For cach indicator device 20 of
the set of indicator devices, the colours will range in chromaticity
with various degrees of saturafion of yellow and red in the direction
from colour sample 12 towards colour sampie 14 of the device 20.

As noted, the regular grid ascribed io the eliipsoid body 10

10 shown in Fig. 2:and transiated onto Fig. 3 is arbitrary, and was chosen.
so as to cover what was thought to be the possible range of tooth
colouring. The grid was centred on & = 3, b = 15 (with respect to the
co-ordinate system), and remained so for each cut 23.

Since the issue of the noted U.S. patent it has been recognised
i5 by the inventor that 80% of all tooth colours are matchable to the
three central colours samp]es 11, 12 and 14, or combinations of
adjacent colour samples 16-19. This unexpectedly leads to 2
. ' simplification, since the inventor has now reaiised that it is possible
to eliminate the extreme side colour samples 13 ind 15, thereby
20 decreasing the cost of the devices o the user, and meaning that the
user can stock a smaller fange of tooth restorztive materials.
On further in;estigation, the inventior discovered that the

ellipsoid body 10 representing the azsumed range of all footh coiours

1
l

A

under the CIELAB system (as represented in Fig. 2) was actual
25 constituted by a series of narrower ellipsoids located at different
tuminance levels, and that previous assumptions about the range and

nature of tooth colours were incorreci. The reason for the false
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of the co- Ol’idl nate system expresses the rectangul ar co-ordi nates "a" 25

and "b" as polar co-ordinates "C' and "h", V\here——'—‘—‘mmme
conponent representing chromacity and "h" is the| aft8IS&EEE et
representing hue. - -3- As can be seen in Fig. B a grR&PUACERIperi fposed on
the body 10. The grid is arbitrarily chdsen to cover the mgjority of the
range of dental colours enbraced by the body. The body 10 is approxi nat ed
to the el ongate colswwtidoscppeinovin h'enthlitghe Zorngi tt bootheo| oyt eodumet i on points 5
of the grid (defined bxtedkbe and axe } coVver,i Q&datpbg]%gl(g“r]t%n e of

represe ese narrower el1ipsoids te e one

larger ellipsoid 10 when nptiona]ly viewed from above the a-b plane,
for reason of actually viewing hue shifts, and seeking to bound all
5§ those hue values over the presumed luminance range.

Upon further investigation it was realised by the inventor that
as the central cb]our 1 was varied in luminance'(darkened or lightened)
the hue shift was quantifiable, which the inventor has now determined
to be approximately 3 degrees of h for every five units of luminance, L.

10 A further discovery was made by selection of the central colour 1
for each cut 26 or luminance level to be plus or minus three dagrees of
"the central colour of an adjacent cut 26. Under these resiricied
conditions up to 95%4 of all tooth colours could be reproduced by only
the three central colours 1, 2 and 4. It was also discovered that it

15 would now be possible to apply a further restriction of onily four cuts
26, each one corresponding to a spacing of five qnits of L, in order to
cover the desired 15-20 unit range. Consequently, only four devices 20
are required, and the set of colour materials needed to be stocked by
manufacturers and suppliers can be reduced.

20 The present invention takes advantage of inese important

* discoveries.

Summary of the Invention

Therefore, according to one aspect of the invention, there is
25 disclosed a set of dental colour mixture indicator devices comprising a
plurality of component indicator devices, each said component indicator

device having a plurality of colour samples located in an array and
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col ours; each point corresponds with one of the colours I to 9 shown in
Fig. 3.* The 'hori zontal cuts 26 t hrough t he col our == are .
equal | y spaced, and therefore represent each of thg Tt#$ SHEET HASHBE: at:
various discrete values of |umnance, L. 10 I t iFsEld.lﬁ@EQ:onver\ii ent
to briefly restate the manner in which _the indicator devrce 20 ts used to
mat ch tooth col our. The col our m xture indicator device 20 showmn in Fig. 4
has ni ne col our samphes dthut @ détan raan@Edthi ncode ovadigire ovith ehcht fudple
co-ordinate systemof Fig. 3 to allow correct matching of tooth colour with
one of the col our sPacef Gprt Fromsampiss 3t therefP . 4Ry PlAITR8] s2Bhtamebsour
sanpl es (say, 11 g ; I | Sdyk ur for
the artificial teg%]ﬁgtl%p[)ée&?%g}vi%g%t éogz%rér&aggzﬁggér{{ﬂ%e? {1%\1/\%@ §iyrslf\eqei'nﬁ(;dghﬁt hat

t he dentist sel ect @nerdinate system aligned with said array wherein the colour of each

5 of said samples corresponds to the colour of the corresponding location
in said co-ordinate system, the colours of the samples of each said
component device being located on a plane of said co-ordinate system
and the plane corresponding to each device being substantially paraliel
to, and spaced from, the pianes of the other ones of said component

10 devices and such that the central colour samples of adjacent planes are
offset with respect to the co-ordinate system, and whereby, in
use of the said set, a patient's tooth can be compared against any one
of said component devices and a desired dentai coiour intermediate a
selected pair of said colour samples can be mixed for fabrication by a

15 mixture of the colouring materials used to fabricate said selected pair.

According to another aspect of the inveniion, there is disclosed
a dental colour mixture indicator davice comprising a plurality of
component devices, each of said component devices having a plurality of
colour samples located in an array and arranged about a central one of

20 the colour samples with each sample spaced apart from samples adjacent
thereto, the colours of said samples being representative of colours of
a predetermined colour system having a co-ordinate system aligned with
said array wherein the colour of each of said samples corresponds to
the‘colour of the corresponding location in said co-ordinate system,

25 the colours of the samples of each said device being located on a plane
of said co-ordinate system and the plane corresponding to each device

being substantially parallel to, and spaced from, the planes of the
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of the ,five colour mxture indicator devices 20 (there being one device 20
20 for each of the cuts or lightness |evels 286 s.devi ce
woul d then be hel d against the existing or ren‘aﬁh'i&g%g@éﬁk 29 and 30 of
the patient as indicated in Fig. 5. It _ips_appdkest—tremtig—-&-t#Hat the
size of the colour sanples 11 to 19 and the spaces 22 to 25, facilitate the
col our conpari sonostiencags foOrthex‘amppheer dakicet Red cmmm e @Btr3] cdiand 9 of

t he correspondi ng sa Ieé 12, 16, 11 and 19 ca be di g¢ corrpared W th
the col our of thesi"IB’g?SW 9?’3“?'1“ Wé?etsh"é're ‘lffse[th‘é% r&?ﬂe(‘it tlhg Prdingét mat ch,

then an eval uati OE‘ysQEm,t B Meriny! GnQfse Rl QU5 BERI-SRIKee, a patient's tooth

can be. compared against any one of said component devices and a desired

5 dental colour intermediate a selected pair of said coiour samples can
be mixed for fabrication by a mixture of the colouring materials used
to fabricate said selected pair.

According to a further aspect of the invention, there is
disclosed a method of selecting a dental colour from an elongate body

10 of possible dental colours represented on a colour co-ordinate system,
said body having a longitudinal axis, and said method comprising the
steps of notionaliy cutting said body &% points zlong said axis with &
plurality of substantially baral]e\ cuts, notionzlly iocating a regular
grid of lines on each of said cuts, saig lines having intersections

15 forming an array of locations arranged zbout a centrai location,
seiecting a plura]ity of colour samples for each cut, each of said
colour samples corresponding to a colour lying at a corresponding
intersection location of the grid on said cut, the central one of the
colour samples for adjacent cuts being coincident on the Tongitudinal

20 axis of the body bui offset with respez* to an axis normal.to the plane
of thg said parallel cuts, and selecting a desired shade of said dental
colour by firstly selecting one of sais cuts, and secondly selecting
the desired shade to be either one of szid selected colour samples for
the selected cut or a colour mixture of at least two adjacent ones of

25 said selected colour samples for the selected cut.

According to yet a further aspec: of the invention, there is

provided a method of enabling selection of a dental colour from an

BFD/359K
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-4- | and 2, for exanple, can be nade by estimating the resultant col our
formed froma mxture of col our sanples 11 and none of the colours
of a particular device 20 appear to natch the
di fferent device 20 could be selected 5 corr
' 26. For each indicator device 20 of the $et o '.&é\.\r"ﬁévi ceg, the
colours will range [n chromaticity, w th various degree S =at i on of
yel low and red in EHE9E lé°(9?'i°(§rf’°|5¥‘8\r(r\% 38’]%&”&3%(%"%?" %do F A OY N our sanpl e
14 of the device 2Qo-ofginRed efbted,NEuib BBH REviBY ahoagiatdiRgd aki@, tdhe sgld | psoi d
body 10 10 shown in Fig. 2 and translated onto Fig. 3 1s arbitrary, and was
chosen so as to cowethogsatpriwisg tthogégrs afonditorphly pdEighiadd pedyget pdintoot h

colouring. The gri g]ovr\xlg‘ssa? ga{segitﬁna g'lu?ahty t())f :sug'sﬁar(t%ltlp pra%sslr?gl(:tcugs? the

notionally locating a regular grid of lines cn each of said cuts, said

w

lines having intersections forming an array of locations arranged about
a central location, and selecting a plurality of colour samples for
each cut, each of said colour samples corresponding to a colour lying
at a corresponding intersection location of the grid on said cut, the
10 central one of the colour samples for adjacent cuts being coincident on
the longitudinal axis of the body but off§et with respect to an axis
normal to the plane of the said parallel cuts so as to enable the
subsequent selection of a desired shade of said dental colour.
According fo a still further aspect of the present invention,

there is disclosed a set of dental colour materizls from which

w

artificial tooth material can be fabricated from either one of said
dental colour materials or a colour mixture of only two of said dental
colour materials, said set of dental coiour materiéls enabling
substantially all the range of naturally occurring tooth colours to be

fabricated, said set of dental colour materials comprising a plurality

~
o

6F cotours selected from an elongate body of possible dental colours
represented on a colour co-ordinate system and having a longitudinal
axis, by notionally cutting said body at points along said axis with a
plurality of substantially parallel cuts, notionalily locating a regular
25 grid of lines on each of said cuts, said lines having intersections
forming an array of locations including a central location, and

selecting a plurality of colour samples for each cut, each of said

BFD/359K
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co-ordijnate system), and renained so for each cut 26. Since the issue of
the noted U.S. patent it has been recognised 15 by the iaversl that 80%
of all tooth colours are matchable to the thrgg e ng;gtﬁmeﬁﬁﬁ%%&sanples 11,
12 and 14, or conbinations of adjacent col our éﬁﬁ% _This
unexpectedly | eads to a sinplification, sPncelit S now realised
that it is possible to elimnate the extrene side colour sanples 13 and 15,
t hereby 20 decr easiSPu hemeigstcoprespandingelpi 68lovp WHE sk CorTapRpntidani ng t hat
t he user can stock f [ [

further i nvesti gat iR Ryees MREE R kB AFUALR. HE TR EL e 3rubly 10
representing the a&swmckamﬁlmgefoafadjaelcbntt aat et auins dentder thiehdongl fmliihGg) syst em

(as represented in Fig was actually 25 constituted bx a_serijes of
narrower elli psoi d§xl§)8§tt ¢ baqy pytrefdsednyith respect to an axis n rmal to the plane

5 of the said parallel cuts.

Preferably, an artificial tooth can be fabricated from a colour
mixture of two of said dental colour materials lying in & vertical
plane of the said grid and two of said dental colour materials lying in
a horizontal plane of said grid.

10 Preferably there are four cuts spaced apart by 5 units of L and
three colour samples per plane or cut so that the abovementioned set of
dental colour materials has only 4 x 3 = 12 members. This represents a
very substantial reduction in the current range of dental colours
required to fabricate an adequate range of tooth colours which

15 typically encompasses 50-100 colour materials. The preferred offset is
in the range of from 2-4 degrees of hue towards the red Tor each 4-6
unit decrease in luminance.

According to yet another aspect of the invention, there is
disclosed a colour guide for selection of artificial tooth material

20 {rom which artificial teeth can be Tabricated, the colour guide
enabling substantially all the range of naturally occurring tooth
colours to be selected for fabrication, said set of dental colour
materials comprisfng a printed colour representation of & plurality of
colours selected from an elongaie body of possible dentai colours

25 represented on a colour co—ordin;te system and having a iongitudinal
axis, by notionally cutting said body at points along said axis with &

plurality of substantially parallel cuts, notionally locating a regular
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| um nance | evels, and that previous assunptions about the range and nature
of tooth colours were incorrect The reason for the false BFOQ 35 9K 5

assunptions appears to be that the correct toot

by these narrower ellipsoids tended to fl end int TW%SH_EETH&SQ%&E

10 when not.ional ly viewed from above fhe a-b pl f SIERLACEh o

view ng hue shifisig 8091 Re&dl NQnlep 494RGkaldaid hone tﬁUﬁlgVﬂlté‘r%gctQ?fr?sr t he
presuned | um nance range. Upon further investigation it was realised by the
i nventor that as fbmng:emtaraaly adolaatiofs \msluui/laglae@hnrrrﬂl \osqetriamcend dar kened or-

| i ght en he h ntifi
ghtened) the u rgltjzx?tta plur%l?wy of colours each of said colours

1ecthng for eac
Tying at a corresponding intersection location of the grid on said cut,

5 the central one of the colour samples for adjacent cuts being
coincident on the longitudinal axis of the body but offset with respect
to an axis normal to the plane of the said parallel cuts.

According to one other aspect of the invention, there is

disclosed a worksheet for assisting in the prescription of artificial

10 tooth material from which artificial teeih can be fabricated, the
worksheet displaying a grid for each of said pianes as referred to
above, and whereby, in use of a device referred to zbove, the resuiting
proportional combination of adjacent vertical colour samsles and
adjacent horizontal samples is noted on the worksheet, the worksheet

15 then being provided as a reference from which artificial tooth materia)

can be mixed to achieve the desired matching tooth colour for a tooth

to be replaced or restdred.

Brief Description of the Drawinas

20 Preferred embodiments of the invention will now be described with
reference to the drawings, in which:
Figs. 1 to 5 are prior art and corrzspon¢ to Figs. 1-5 of U.S.
patent No. 4,657,399 as explained above;
Fig. 6 is a representation of the ccliour dody of ail tooth
25 colours when mapped under the CIELAB systsm

Fig. 7 is a representation of the colour body at each slice or

luminance level mapped onto the a and b axes:

8FD/359K
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the inventor has now determ ned to be approximately 3 degrees of h for
every’fiveTunits of luninance, L. A further di seavery was pade by sel ection
of the central colour 1 for each cut 26 or | unijngAmesherehat®dry bl us or
m nus three degrees of the central col_oyr_of arn| adj acgptAceb 26. Wnder
these restricted conditions up to 95% of all t coreers—cout=he
reproduced by only thejd hg e aCaptdsattadhfr thelloc® andhelrarge ofaatal so

di scovered that it would now be possible to apply a further restriction of
only four cuts 26paleesctredrie weew edpbriaraet to 14M8H%8i ng of five units of L,
in order to cover ‘the_desired 15 t |t g | ¥ w@nl y four
devi ces 20 are requi ré'd’,‘ %ﬁ@owtshaer?g?%%faq@gl %{Jgﬂn&cgﬁgﬁggﬁg%e ttg be
stocked by manuf agigbseys1 RidoSsIRP) WwEthSre@putt e Nathaced. The present

i nvention takes advantage of-these inportant discoveries, SUMVARY OF THE

I NVENTION It i% an obfiket10ifs aHergsedation ofvieR-PHNE WH™ bt St one or

nor e di sadvant agee%b&fi ment;

Fig. 11 is'a front elevation of a colour mixture indicator device
constructed in accordance with a first embodiment;
Fig. 12 is a front elevation of a colour mixture indicator device
10 of a further embodiment;
Fig. 13 is a.front elevation o% a set of colour mixture indicator
devices in accordance with another embodiment;
Fig. 14 illustrates how the embodiment of Fig. 13 can be utilised

in conjunction with a worksheet to construct am artificial tooth, or

—}
(93]

repair an existing tooth; and

Fig. 15 is a representation of another embodiment for a

co-ordinate system.

Description of Preferred Embodiments

20 It will be appreciated from Figs. 2 and 3 that the body of all
tooth colours was previously assumed to be a regular elongate
ellipsoidal body 10 having a longitudinal axis normal to the a and b
axes. As has now been discovered, the body 6f tooth colours is less
regu]ar]y shaped, and constituted by a narrower ellipsoid. Fig. 6

25 shows the colour body 50 in a 3—aimensiona1 representation mapped
against the a, b-énd L axes under the CIELAB system. The body covers a

15-20 unit range in luminance, the range of "a" va}ues js approximately

BFD/359K
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the priser art.

sai d sanpl es correspong ﬁe herggg PgtHLQQ”ﬁg Eg@gﬁngggﬁpr%atl

sai d co-ordi nate system

SHEET

According to one aspect of the present invention there
provi ded a-set of dental colour mxture indicator devices conprising a
plurality of component indicator devices, each said conponent indicato
device having a plurality of colour sanphgs located in an array and
arranged about a central one of the colour sanples with each sanple sp
apart from sanpl ess gghjtaGantstt HRr@h& of e ¢OlLEUIFEmadis el 18aAPELss bei ng
representative of colours of a predeterm ned col our system having a
co-ordi nat e systemra‘riiogﬁédthﬂﬂqhﬁ toalted array wherein the col our of each of

10

15

20

25

OL]FS 0]
for the body 50, which lies generally in the L plane. The principal

axis 60 is at an angle with respect to the normal of the a-b plane.
The body 50 has notional cuts or slices, identified as D, M, L and XL,
made parallel to the a-b plane at equally spaced points along the

principal axis 60. MWhen the four ellipsoids that result from the cuts

" D-XL are viewed in cross-section, and superimposed onto the a and b

axes, as shown in Fig. 7, their relative offset between the centre
point 20 becomes more recognisable That is, the angular offsets in hue
(h) «, B, y can be seen to be equal. The dashed outlined
generally represents the locus of all a and b values taken by the
colour body over the range of L values. This locus ﬁpproximates the
colour body 10 as it was previously thought to be. As previously
noted, the.present inventor realised that what actually was being
observed was phase shifts which tended to smear the narrow ellipsoid
body 50 into one larger ellipsoid 10.

A centre point or colour 201 is again shown for each ellipsoid.
This centre colour 201 is chosen to lie on thé principal axis 60, as
can be more clearly seen in Figs. 8 and 9. Fig. 8 shows how the centre
colours 201D-201XL become less red as luminance increases (i.e. the
positive a value reduces with increasing L). This shift has been
quantified by the inventor as a three degree hue shift for every 5
luminance units, in which case oély four cuts are required to embrace
the desired 15-20 unit luminance range. The centre colours 2010-201XL

sited on the principal axis 60 at each cut D-XL répresent an
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sai d cgnpongnt device being located on a plane of said co-ordinate system
and the plane corresponding -to each device being substantially parall el

to, and spaced from the planes of the other ones of said conponent devices
and such that the central colour sanples of adjacent planes are offset with
respect to the co-ordi nate system and-wiereby, in use of the said set, a
patient's tooth can be conpared agai nst any one of said conponent devices
and a desired densmiroxishsuthreadesneedivatskifi foeleach denipyice lefelsai d col our

sanpl es can be mxed for fabrication hy a mxjure.of the .colori material s
used to fabricat e¥.'§e£F‘Ic?r§eltgectf%"5 s f;B.'Q'Aﬁ‘E:eo'Fﬁfl{r\]ﬁHS'c‘)&aﬁ% & 9°a 'beeglt%"%Pft he
present inventi onifehgra@d ivSaxNek O\dhdl@re derdeNt &10&Q| DUP-201 Xt dHe eor i Gah Or
device conprising a plurality of conponent devices, each of said conponent

devi ces havi ng a @leurgtharybypothres|degiees yighl esrecscliet 88 § d*dn array and
arranged about a central gng.Gf fhecol oo SHIRL &5 h AR ,GRTRLE Spaced
apart from sanpl es adj a%ené‘| P%ereto, thecololirs Z? sai d sarrp?%es bei ng
representative of cG@fOdsuPT0B The grid of the co-ordinate system is sized to map
onto the area of each individual ellipsoid 100 to 103 with respect to
the a and b axes. The colours at the intersection of the grid of the
co-ordinate system are identified by the numerals 201 to 207. The
t0 distance between any two adjacent colours in the b plane (i.e. the
'height' of the grid) is approximgtelj 5 units, whilst the distance
between adjacent colours in the a plane (i.e. one half of the 'width'
of the grid) is about 2.5 units.
Fig. 11 shows a colour mixture indicator device 200 which has
15 colour samples 211-217 as would be constructed from a particular tooth
restorative material and which correspond to the colours 201-207. The
shape of the colour samples may be tobth—like as shown, but could also
be other shapes, and for example, circuiar. Typically a sef of the
devices 200 comprises four deviées of tne same configuration, each one
20 representing a one of the cuts, and with a three degree hue shift
between central colour samples of adjacent ones of the devices. - The
operation of the colour mixture indicateor device 200 is the same as
previously described in U.S. Patent No. 4,657,399 in that & tooth can
be matched with one of the colour samplss 211 to 217, or to faII.
25 between adjacent ones of those colour samples; for exampie, between
samples 216 and 214, or samples 21} and 212. The device 200 is

constructed of three metal blades or handlies 251 to 253, to which each
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predet grm ned col our system having a co-ordinate systemaligned with said
array wherein the colour of each of said sanples corresponds to the col our
of the corresponding location in said co-ordinate system the col ours of

t he sanpl es of each said device being | ocated on a plane of said
.co-ordinate system and the plane correspdhdi ng to each device being
substantially parallel to, and spaced from the planes of the other ones of
t he conponent devi tasst@ner shiep CPEP&f sppdet ahtired tedholireeseidpl d8e @Pteadj acent
pl anes are offset w tQ t I pat ereby, in
use of the indicat t\é\frah%e\%?zzg@cgﬁpgahei ‘gg?&grfg%ltnE%cgon§%§£?§g%rrspg€ga¥ggai nst any
one of said conpongitiondew,cery aasdl ba stagi suecbfdemnt aly aotreutentriliesiggdesit e a
sel ected pair of said colour sanples can be m xed for_fabrication by a

m xture of the col B PHE e EET dreesadadatdrakhs Epte calaun Y&t atletepair .
According to St'llﬂ?gggpg%aﬁ%gﬁﬁF39&H£$§H9|ﬁ§QRP2h§¥ﬁﬁhb Bn LRE Enir Sy

provi ded a nethod o ting a dental colour froman el ongate body of
possi bl e dental cohaures25lepresented on a col our co-ordinate system said
body having a | ongitudinal axis, and o , ) )

Another embodiment of an indicator device 300 is shown in
Fig. 12. This device has been modified to provide only the central
three colour sampies 311, 312 and 314, with each being mounted on an

10 individual blade 317-319. The three separate blades are pivotally
fastened to each other at one end 316. This device 300 is most -
suitable for the XL luminance level, for ‘which it is believed there is
only a very small range of & and b values (see Figs. 7 and 8). It can,
however, also be used for the D, M and L levels if tooth colour

i5 matching is less crucial, for example, in Fabricating composite
restorations.

Figure 13 shows another embodiment of a colour mixture.indicator
device 420 which constitutes a compiete set of devices 400-403 for each
luminance level mounted on a common base 416. Each central or side

20 group of samples for each individual device 400 plugs into, and is
retained by the base. The samples are each mounted on an individual
blade 430,440-442,450-452,460-462, and again, each group of samples is
pivotably interconnected.. This means each group of blades and samples
can be used in a fan-like manner. The samples at the end of each blade .

25 are also rotatable in the plane éf the blade so the sample can be
oriented with a'tooth'against which it is being compared. The

individual devices 400 identified as D, M &nd L are generally similar
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sai d nmgthod _conprising the steps of: notionally cutting said body at points
along said axis with a plurality of substantially parallel cuts; notionally
| ocating a regular grid of REPLACEMENT SHEET |ines on each of said cuts,
.said lines having intersections formng_an array of |ocations arranged

‘about a central location; selecting a “pllir‘al ity of colour sanples for each

cut, each of said_cgl OLr,: respond] t yd.ng _at, a
correspondi ng i nt 5r gleecﬁvéﬁea?@cglﬁwgﬁﬂoﬁat E{; g‘{r}??j tg? %g\g%q%etnl,tyﬁ‘ﬁogaéé(ht ral
one of the col ourjssequpvsaient 66 theljdenaenBow wiiden @i mMg. avi nci dent on the

| ongi tudi nal axis of the body but offset with respect to an axis normal to
the plane of the sai dE¥drdavies 403, unigigl s dfendifiipy eachdedpyetpmgimde of sai d

dental col our by fibht 1the SSFESHNGhnfNIS BE A drdiiiehan B RREQRRAHY SCT eCTi NG
5 which are respectively more 'yellow', hence the use of "Y" and "R".

Clearly "C" refers to the central colour samples.

In use, the samples of the device 420 are to be held at arms
length adjacenf the tooth to be matched to adjudge the appropriate
lightness/ luminance level. 1t is important to view the samples at

10 arms length, as the human eye can only effectively detect variations in
luminance at that distance. The eye cannot make correct distinctions
of relative luminance at distance closer than arms length. Therefore
each central three blades and samples for the four luminance levels are
plucked out of the base 410 in turn to determine the correct luminance

15 Tlevel.

It is then necessary to determine where thé tooth colour to be
matched lies with respect to the three central vertical colour
samples. <Say the "M" luminance level has been selected, in which case
a tooth is then compared against samples MC1, MC2, MC3 to determine

20 which two samples it falls between. This represents a decision as to
the yellow/blue colour mix in the tooth coiour. It is possible to
estimate a proportion of, say, MCl1 and MC2, to be, for exampie, 25% MCi
and 75% MC2. That estimation is then marked on the work sheet shown in
Fig. 14. |

25 This step is then fo]]owed'by considering the red/green colour
mix by bringing the colour samples MY1 and MRl beside the tooth.

Again, it is possible to estimate the proportional mix to be, for
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shade to be either one of said selected colour sanples for the selected cut
or a éolouf mixture of at |east two adjacent ones of said selected col our
sanples for the selected cut. According to still another aspect of the
present invention there is provided a ngthod of enabling selection of a
dental col our froman el ongate body of possible dental colours represented

on a col our co-ordhpate 28% MeRhd 38 MRIDOAY: shastiRGich | ORBAN mHkéAbn Apd S, and
sai d method conprising the steps of: notionally cutting said body at points
al ong sai d axi s woark shegsl iand|thenefere loaitss dne idasirgd SYOHT I13efurataly asntbei onal |y

| ocating a regular grid.of Lines on each of I . Saj i ne avi ng-
i ntersections for‘r’r’it%de‘g‘ﬁmbr"%at}'?os&f Pﬁoonc?érﬁsbné %?{ragn%g%ﬁgb%uéaqa{hg%r‘??’f'pgy

| ocation; and selggtipnghearddtarh vt tigtedf a1 odopresperangl &s MEQrMeaci ahd mreach of .
sai d col our sanples corresponding to a colour lyi ng at a correspondi ng

i ntersection | ocain the wbrepéatgrardroshiossnitel aehiteve fthte Iedned a¢subhe Uf ist he

o oo o oo O ST B BRSPS A Ll pBSeg s
said parallel cutgssm asttop@pedticat mex atkpaqam@tabove with respect to 'b'
axis colours and 'a' axis colours results in the required colour being
achieved. Manufacturers of the restorative materials can fabricate
0 colours for the complete range of colour samples based solely on the
specification of each sample by the L,a,b or L,C,h co-ordinates.

It is ofteﬁ necessary to mix up different colours for the one
tooth, as a tooth normally varies in cciour throughout its length,
especially in patient's of middle age or older. For this purpose the

15 worksheet shown in Fig. 14 can be supplemented with a plan of all the
teeth in the mouth in appropriate views, with those views marked up as
to what part of the tooth is to be restored with each particular
determined mixture. The worksheet may ziso show only one 'grid'; and
the appropriate luminance level prescrited to that grid? rather than

20 having a separate grid for each luminance level.

By using the device 410, it is possible to mbre accurately
approximate the true tooth colour in a restorative material, for reason
of enabling the three co-ordinates L,a,t or L,C,h to be substantially
more accurately estimated than in the prior art. Prior art systems,

25 except for U.S. Patent No. 4,657,399 referred to above, do not in any
way arranée colours or samples in strict spaced relation to a colour

co-ordinate system.
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sel ectiop, of a desired shade of said dental colour. According to still

anot her aspect of the present invention there is provided a set of dental
colour materials fromwhich artificial tooth material can be fabricated
fromeither one of said dental colour materials or a colour mxture of at

| east two of said dental colour material¥, -said set of dental colour

mat eri al s enabl i ng substanti al | e of naturally occurring tooth

|y all the ra or . \ !
colours to be fabricat®dirdas d”gé? tt 9idht & g’@o‘l"gf}rg' et é1¥-al%s 2pft Eifar Bd by a
process conpri singstNeodheRRa®f inoPAhdwANahich OUblLl N AR GkONBFRE thody of
possi bl e dental colours represented on a col our co-ordinate system and

havi ng a REPLACEVENTaBHEET nl GRgireladianads &hei ¢evidespaddnt3go.ak@ngngaileb axi s
with a pI urali ty %]:’osssyntl)asc%haérs]t\»iﬁ% lrgst%raart?'\l/el %ilter(‘:ilét]s‘s;corresponding to each colour
sample. The restorative materials can be specified as one or more
types, such as porcelain, powders or artificial teeth.
A further embodiment of the co-ordinate system shown in Fig. 15
relates to the instance where it is very important.to attain as close a
match of footh coloyr as is possible. In this case additional
10 intermediate colours 320-323 are introduced to the exisiing co-ordinate
system at each luminance level to enable a more detailed comparison.
Even so, the principle of selecting the central colours 0 be offset by
approximately 3 degrees in hue with respect to an adjacent cut stili
applies. The intermediate colours are chosen to fall between the
15 existing colours 201-207, and their location with respec: to the
previously described co-ordinate system is shown in Fig. 15. Although .
not specifically illustrated, c]eér]y a colour mixture devicé embracing
the colours 201-207 and 320-323 could be constructed on similar lines
tp that shown in Fig. 11 or Fig. 13.
20 It can therefore be seen that the invention providzs an improved
system for matching tooth colour, which, by appropriate sslection of
the central colour for each luminance level in accordance‘with a
determined relation of hue shift with respect to luminance, results in
a reduction in the number of colqur samples, matching devices and
25 dental materials needed to be stocked. This had advantages for both
the manufacturer of the tooth restorative materials and matching

devices, and to dentists and/or dental techrnicians who can still ensure
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notional |y locating a regular grid of lines on each of said cuts, said

| i nes haviny intersections formng an array of locations including a
central location; and selecting a plurality of colours of said set of
dental colour materials for each cut, each of said colours corresponding to
a colour lying at a corresponding intersedt+on |ocation of the grid on said
cut, the central one of the colours for adjacent cuts bei ng coincident on

t he | ongi tudi nal axiBioBfref¢ratasedy mieh of ftadifh spieur huEfettlets6r anreass $onor nal
to the plane of th i rall el According to still another aspect
of the present invgpl‘?l 5&??%@?&?@. %ﬁe\?‘i‘:ﬁed an artificial tooth fabricated
fromat |east one dent altheCireddhingradseriibalonDf séneSebodifende i afhe Qb €
materials, said set of dental colour materials enabling substantially all
the range of naturdr{eptioRednd imag) i GEINMS cBP'GAYSs te 6hse skabed dattde arsarar set
of dental col our, Mgl GhiALR.OLLRARGR R¥atify PERSte GRERNE Shildeidie Steps of:
notionally cutting an el ongate body of possible dental colours represented
on a col our co-ordinate system and having a
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| ongi tudtnal axis at points along said axis with a plurality of

substanti al | ylmm’l"ugimmlwm tionally locating a reqular grid of—tines on
each of said i o medkhavi ng intersectionsj Tg_hgbp‘%@mp@mam of

| ocations including a central |ocation; and s?l ectyn aeplrxdesy of !
colours of said set of dental colour materials forlieach eht—eaeF=5f"5ai d
col ours correspondi%gms@ a colour lying at a corresponding intersection

|l ocation of the grid on said cut, the central one of the colours for
adj acent cuts being coi fed gins gefinhg thenigventdiomane axfd e t he body but

of fset with respect ‘'to an is, nermal .tg.the . f i aral.l el
cuts. According to yet gho?ﬁé?t ggﬁjg&a]oc ]?uﬁgmgirugggﬂﬁc?%\?gdﬁ?lﬁgg cg'PPé?sé"?s

provided a col our gupURaTAPRT Somphedt Piditdted dedlcoui200BpegBent Alcbmdnal a
plurality of colours for selection of artificial tooth material from which
artificial teeth camdbratgrapevient ) MEIcHPBYR! IGUicHSoENALRIRGS SabstHntial |y

al | the range of na%ogst%h'i QCEMLT 15ng &gagéya 531 LY Sndr@1 Rfe %ﬁ'tﬁ&&sﬁgior

fabrication, said colour guide pfepare a process conprising e steps
of: notionally samples (211> with each sample spaced apart from samples adjacent

thereto, the colours of said samples (211-217) being representative of
colours of a predetermined colour system having & co-ordinate system
(L,a,b) aligned with said array wherein the cofour of eéch of said
samples corrESpoﬁ&s to the colour of the corresponding location
(201-207) in said co-ordinate system-(L,a,b), the colours of the
samples (211-217) of each said component device being located on a
plane of said co-ordinate system and the plane corresponding to each
device (200) being substantially parallel fo, and spaced from, the
planes of the other ones of said combonent devices (200) and
characterized in that such that the central colour samples (211) of
adjacent planes are offset with respect to the co-ordinate system, and
whereby, in use of the said set, a patient’'s toocth-can be compared
against any one of said component devices (200) and a désired dental

_ tolour intermediate a selected pair of said colour samples (211-217)
can be mixed for fabrication by a hixture of the colouring materijals
used to fabricate said selected pair.

2. A set of dental colour mixture indicator devices as claimed

in claim 1, wherein the colour sﬁmples (211-217) of a component

indicator device (200) are fixed to an end of a handie or blade
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cutting an'Efﬁﬁgéfé”ﬁﬁﬁy—af—§655|bIe dental col ours represented on a col our
co-ordindte ng a | ongitudinal aX|__aL_Qg£ﬂ£&:along said
axis with a diﬂﬂm“mnmmmuml antially paralle “"‘Q@Mmaﬁu ocating a
regular grid ¢ nes Bn ®vach of said cuts, saild |Inﬁ§prGEDg i ntiersections
formng an array of |ocations including cent =Sel ecting

for each cut a plurality of colours, each of said colours Iy| ng at a

correspondi ng i (25e28sBChidthel Omat ey & thehRangrdsdorotnagéy dreCtdmmodihe central
one of the colours for adjacent cuts being coincident on the |angitudinal

axi s of the bodip"Pastedsf fset with respect to an axis normal to the plane of
the said par all el C'SI:[S A set of dental colour mixture indicator devices as claimed

in claim 2, wherein the common connection is formed by a base (255).

4. A set of dental colour mixture indicator devices as claimed
in claim 2, wherein the common connection is formed by a pivoting
fastener 316) so that the handles or blades are arranged in a fan-like
manner.

5. A set of dental colour mixture indicator devices as claimed
in claim 2, wherein one, two or three colour samples (211-217) each are
arranged on one, two or three blades or handles (251-253) forming each
component indicator device (200) in the said set.

6. A set of dental colour mixture indicator devices as claimed
in any one of claims 1 to 5, wherein there are three colour sanples (311,3"

per component indicator device (300) and four said component devices (300)
in the said set. |
7. A set of dental colour mixture devices as claimed in any one of claims .
wherein the said co-ordinate system is the CIELAB system, and the
said offset is approximately 3 degrees in hue (h) tower ds red Tor each
adjacent p[ane {XL,L,M,D) in a direction of decrszsing luminance (L).

8. A dental colour mixture indic%tor device (400) comprising a
plurality of component devices (400—463), each of said componsnt
devices (400-403) having a plurality of colour samples (Y1-2,Ci-3,R1-2)
located in an array and ‘arranged about a central one of the coiour
samples (C2) with each sample sp;ced apart from samples adjacent
therefo, the colours of said samples being representative of céiours of

a predetermined colour system having a co-ordinate system (L,a,b)

BFD/68A

: This Sheet Has Been Re

T




REPLACENENT S OF THE PREFERRED EMBODI MENT(S) Preferred
enbodf nent$ of the inventi g@ Ell now be described with reference to t he

dr awi ngs, M“u are prior art an ‘E 5. 1-5
of U. S. paten?q gFe‘q

‘expl ai ned above; sefitation
of the col our body of aII tooth col ours when mappgd

system Fig. 7 is a representation of the- ol our o ach slice or
| um nance | evel ? ped onto the a and b axes;
igned with said array wherein the colour of each of said samples

(Y1-2,C1-3,R1-2) corresponds to the colour of the corresponding
lecation (201-207) in said co-ordinate system (L,a,b), the colours of
the samples of each said device (400-403) being located on a plane
(XL,L,M,D) of said co-ordinate system and the plane corresponding to
each device (400-403) being substantially parallel to, and spaced from,
the planes of the other ones of the component devices (400-403) and
characterized in that the central colour samples (C2) of adjacent
planes are offset with respect to the co-ordinate system, and whereby,
in use of the indicator device (420), a patient's tooth can be compared
agains:t any one of said component devices and a desired dental colour
intermediate a selected pair of said colour samples can be mixed for
fabrication by a mixture of the colouring materials used to fabricate
said selected pair.
§. A dental colour mixture indicator device as claimed in claim
8, wherein the colour samples (Y1-2,C1-3,R1-2) of each component device
(400-403) are Tixed to an end of a blaae (450,451,452) and the other
end of each blade of each component device (400-403) is connected to a
common base (410) of the dental colour mixture indicator device (420).
10. A dental colour mixture indicator device as claimed in claim
9, wherein one, two or.three colour samples (Y1-2,C1-3,R1-2) each are
arranged on one, two or three blades (450,451,452) forming each
~ component device.
11. A dental colour mixture indicator device as claimed in_any one of claims £
to 10, wherein there are three colour samples (C1-3) per component device
(400) and four said component devices (400) comprise the dental colour

mixture indicator device (420).
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THI'S SHEET HAS BEEN - 11 - Fig. 8 is a representation of the locus of the

o repr osent | ol I MNELMMTN e’ anoe™or ™ 2 varvesgrett S Co”oi v

with respect to funfnance 5 * Fi g. 10 i § BHiPeEidETemaBEDN pf a
co-ordinate systemin one enbodiment; Fig., 11 if a frBRPLAGERati onjof a
col our m xture indicator device constructe | n accordance wtn a first

enbodi ment; Fip. AZeits) @ofdubidixele it Hevite (R QMimal i AHyCoreNMH SRR 8 to
device 11, wherein the said co-ordinate system is the CIELAB system, and the
said offset is approximately 3 degrees in hue (h) towards red for each
adjacent plane (XL,L,M,D) in a direction of decreasing luminance (L).

13. A method of selecting a dental colour from an elongate body
(50) -of possible dental colours represented or a colour co-ordinate
system (L,a,b), said body having a longitudinal axis (60), and said
method comprising the steps of:

notionally cutting said body (50) at points along said axis with
a plurality of sub§tantially parallel cuts (XL,L,M,0};

notionally locating a regular grid of lines on each of said cuts,
said linas having intersections forming an array of locations arranged
about a central location;

seiecting a plurality of colour samples for each cuf (XL,L,M,D),
each of said colour samples corresponding to a colour lying at &
corresponding intersection Tocation of the grid of said cut, and
characterized in that the central one of the colour samples (20) for
adjacent cuts (Xi,L,M,D} coincident on the longitudinal axis (60) of
the body (50) but offset with respect to an axis (L) nqrmal fo the
plané oF the said paraliel cuts; and

se}gcting a desired shade of said dental colour by firstly
selecting one of said cuts (XL,L,M,D), and secondly selecting.the
desired shade to be either one of said selected colour samples for the
selected cut or a colour mixture of at Teast two adjacent ones of said
selected colour samples for the selected cut.

14. A method as claimed in claim 13, wherein the said

co-ordinate system is the CIELAB system, and the said offset is
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10 of a further is a front elevation of a set of col our

m xture indf cator ces |n accordance w th anot her_enhodi nent; Fig. 14
il lustrates how t,mﬁium u JH"LH g. 13 can be rrt.,|°se,q|Et1t ,qu%r@EL{nGt i on
with a worksheet rtificial tooth,f or

exi sting tooth; and Fig. 15 is a representation of ntt for a
co-ordi nate system Descrrptron of PreferredibBnbodi nents 20 It wll
be appreciated from Fi 3 that |] tooth col ours was
previ ously assuned at"Bmgé'"aég‘rye JPEPe%e H't’fa?'@ E‘t"gtdﬁer?ngf BOU§IIreEasbtng a

| ongi t udi nal axi's ne ek, otqntberacﬁraﬁiob@mssmé\aumsnc@ombeen di scover ed,

the body of tooth colours is |ess
15. A method of enab]tng selection of a dental colour from an

elongate body (50) of possible dental colours represented on a colour
co-ordinate system (L,a,b), said body having a longitudinal axis (60),
and said method comprising the steps of:

| notionzlly cutting said body (50) at points along said axis with
a plurality of substantially parallel cuts (XL,L,M,D);

notionally locating a regular grid of lines on each of said cuts,
said lines having iﬁtersections focming an array of locations arranged
about a central location; and

selecting & plurality of colour samples (201-207) for each cut
(XL,L,M,D), each of said colour samples corresponding to a colour lying
at a corresponding intersection location of the grid on said cut, and
characterized in that the central one of the colour samples (201) for
adjacent cuts (XL,L,M,D) coincident on the longitudinal axis (60) of
the body (50} bui offset with respect to an axis (L) normal to the
plane of the said parallel cuts so as to enable the subsequent
selection of & desired shade of said dental colour.

16. A set of dental colour materials from which artificial tooth
material can be fabricated from either one of said dental colour .
materials or a coiour mixture of at least two of said dentai colour
materials, said set of dental colour materials enabling'substantially
all the range of naturally occurring tooth colours to be-fabricated,
said set of dental colour materials comprising a plurality of colours
selected from an elongate body (50) of possible dental colours

represented on a colour co-ordinate system (L,a,b> and having a
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regul agly, sha e |tuted by a narrower ellipsoid. Fig. 6 25 shows

'system The body covers 2o o
" values is approxinmately BFDASSSHEETHHAS Sk

t he col our body 50 i M% rrenS| onal representation mapped agai n;t t he a,
dl

EEt
"b" vBEBLACEBMmI ns

b a0 L ey

Has Been Re I’acéd - - 5 units whilst the range of

about 10 units as previ ously t hought to be- ¥ig. 6 al so Shows a
longi tudinally ext e’lno%-iqui%gf ra]ﬂsp?gm a)lg_lv Sno?‘onéﬂy cutting said body (50) at points

along said axis (60) with a plurality of substantially paraliel cuts
(XL,L,M,D), notionally locating a regular grid of lines on each of said
cuts, said Tines having intersections forming an array of locations
including & central location, and selecting a plurality of colour
samples (201-207) for each cut (XL,L,M,D), each of said colour
samplescorrespoﬁding to a colour lying at a corresponding iﬁtersection
location of the grid on said cut, and characterized in that the central
one of the colour samples (201) for adjacent cuts (XL,L,M,D) is
coincident on the longitudinal axis (60) of the body (50) but offset
with respect te an axis (L) normal to the plane of the said parallel
cuts.

17. A set of dental colour materials as claimed in claim 16,
wherein the said co-ordinate system is the CIELAB system, and the
offset is approximately 3 degrees in hue (h) towards red for each
adjacent cut (XL,L,M,D) in a direction of decreasing luminance (L).
18. A set of aental colour materials as clained in claim 16 or 17,
wherein there are four cuts kXL,L,M,D) spaced apart by approximately
five units of luminance (L).

19. An artificial tooth fabricated from a colour mixture of
dental colour materials as claimed in any one of claims 16 to 18.

20. An artificial tooth as clazimed in claim 19, wherein two of
the mixed dental colour materials lie adjacent'in a vertical plane (b)
of the said grid and two of the mixed dental colour materia]s lie
adjacent in a horizontal plane (&) of the said grid.

21. An artifical tooth as claimed in claim 19, wherein a colour

mixture of only two of said dental colour materials are mixed, and
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for the bady rally int K ,\g{lnmpal 5

axis 60 is at pect to th %%gﬁj;%= a- b.ipl ane. The
body 50 has no wuﬁ!mﬂiﬂl lzﬂlces i denti fi __—aild XL, made
parallel to th ual |y spaced points along the principal axis
60. When the four ellipsoids that result fromthe cuts DXL are viewed in
cross-section, and superinposed onto the a ant' b 10 axes, as shown in Fig.
7, their relative offisaly N8t WesRedtae cseawnstmmtm%@erbﬁfeom§e ApnLe ,

recogni sable That is, the angular offsets in hue (h) [err] can be seen to
be equal. The dashedriissl phed Gereralid gridepr ébentiscenheln vbouszeftablphana and
b val ues taken by th(e cgl our h‘ﬁy over the range of L values. This |ocus
approxi mates the 15 3¢ 95 10 as it was previously thought to be. As
Er eviously noted, the-pr @zserrt cbTVEPE Qe foRakieefbnt dFakrtyhiat a1aedodiRinh 6 r1¥AS

ei ng

from which artificial teeth can be fabricated, and characterized in

‘ that the colour guide enabling substantially all the range of naturally
occurring tooth colours to be selected for fabrication, safd set of
dental colour materials comprising a printed colour representation of a
plurality of colours selected from an elongate body (50) of possible
dental colours represented on a to]our co-ordinate system (L,a,b) and
having a longitudinal axis, by notionally cutting said body at points
along said axis (60) with a plﬁrality of substantially paraliel cuts
(XL,L,M,D), notionally locating a regular grid of lines on ecach of said
cuts (XL,L,M,D), said liges having intersections forming an array of
locations including a central location, and selecting for each cut
(XL,L,M,D) a plurality of colours, each of said colours lying at a
corresponding intersection location of the grid on said cut, the
central one of the colour samples for adjacent cuts (XL,L,M,D) being
coincident on the longitudinal axis (60) of the body (50) but offset
with respect to an axis (L) normal to the plane of the said parallel
cuts.

23. A colour guide as claimed in claim 22, wherein the said
co-ordinate system is the CIELAB system, and the offset is
approximately 3 degrees in hue (h) towards red for each adjacent cut
(XL,L,M,D) in a direcfion of decfeasing luminance (L).

24. A worksheet for assisting in the prescription of artificial

tooth material from which artificial teeth can be fabricated, the

BFD/68A
U

eet Has Been Replaced
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observed was ended to snear the narrow ellipsoid body

50 intd bhe* Iarg A centre poi ffFoor—corour—20+S) agai n
shown for each e l!l‘@ﬂm@ilkﬁm s centre col QuitBEHEE ARHEERNtIo |ie on
the princi pal ax e nore clearlyl|lseen REPHAGED 3 and 9. Fig. 8
shows how the centre col ours 201D 201XL bec@éme Tess red as 1 um nance
increases (i.e. the si.tive val ue uce \Mthlncre Sin s shift
has been quantifi ecc)lrkg%eg:hbé“" énfsﬁr"‘ééch ed(ejvéé?seés ?%‘mg |?tdf‘(9'r*every 5
25 lumi nance uni &ed dispInhheR ;qasem@nbﬁ/ghcaarfoatéa& Frafe I @KIUHeREbyL, Oi neidar ace
.the desired 15-20 unit |um nance range. The centre col ours 2010-20XL sited
;on the principal &kit8e gesractiandhvicat. thexiespEpreRRer tipnaBrpptgBaiion of

adjacent vertical colour samples and adjacent horizontal samples is

v

noted on the worksheet, the worksheet then being provided as a
reference from which artificial tooth material can be mixed to achieve
the desired matching tooth colour for a tooth to be replaced or

restored.

BFD/68A



-13- approxjmte three degree hue shift for each |um nance |evel.

Therefore, The four cuts DXL are par al | el

a and b axes, and the central colours 201D 201XL are
anot her by three degrees with respect to the L axis.
chosen co-ordinate system centred about the centre c
the co-ordinate systemis sized to nap onto~ t3
el lipsoid 100 to 103 with respect to the a and b axes.
i ntersection of the grid of the co-ordinate systemare
nunerals 201 to 207. The 10 di stance between any two

e area of each

wth respect to the plane of the

|I1d| Vi auar—
—colours_at. the

inessHEEe LAY RENE |

the b plane (i.e. the ABSTRACT

A dental colour mixture

j aCerHEmMQICRE S | n:ij

‘ndicztor zZasvice is described.

In an embodiment, the dental

colour mixture indicator device

indizator

devices (400-403) each

(420) comprises four component
retained by a common base (41C..

(400-403) has an array of colour sz—ples

individual blades (430,440-447,

biades able to be plucked from

tosth. Zack zolc.r sarcie {4

[¢2]

comparison with
corresponds with an artificial zooi- matsriatl,
comparison,
colour matching of a resterative tcoih.

The arrayed coiour samplizs
corresponding location on 3 cc¢’

colours (201) of each componens ind® zator je

from other ones of ceatra‘

co-ordinate system. This me

than in the prior art to sncomzzss tne whzie body of

(Fig. 13)

BFD/68A

450-252,623-462)
Y-

and, on the basis-of

a mixture of the respeczive Tooth materials

systam.

£zch component indicator device

{¥Y1-2,.C1-3,R1-2) mounted to

with each group of

the zase 7210) For the purposes of a

2.C1-3.R1-2)

(JJ

the

allows correct

(¥ =-2,C-3,R1-2), coincide with a

The centratl

vize (400-403) are offset

- of samples are required

tocih colour.

R
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" hei ght'

is about 2.5 units. Fig. 11 shows
whi ch has 15 col our sanples 211-2
particular tooth restorative nmat e
201-207. The shape of the col oy,
coul d al so be other shapes, and f

t he devices 200 conprises foyr de

20 representing a one of the cuds
bet ween central col our sanpl es of

+£{ the grid) i's apprOX|nater 5 units,
adj acent ool olrs in the a pl ane (i

whil st the di stance bet ween

one half of the "wdth' of the grid)
a colour m Xxture i (e [=)VA) 01
17 as mould be constrk@ﬁgaggﬁg %EE&
i al and whi-eh corretnnnd cal ouf|s

sanpl es

Typi cal ly a set of
me configuration, each one
ree degree hue shift
The

operation of the col our m xture, ipndicator e 200 is the sanme as
preV|oust described in U S. Patent No. 4,657,399 in that a tooth can
3 r FI1G. 7
-5 4 6 & 10 1z 5
6. 4
20 A
15 <}
FIG.2
10 4 P
- =

\
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be matched with one of the colour sanples 211 to 217, or to fall 25

bet weerr adj acent ones of those col our sa

sanpl es 216 and 214, or sanples 211 and
of three netal blades or handles 251 to
- has two or three col our sanples affixe

."]betmeen
211 THITBHEGE is constructed
258 WW%&QD/ 359K .- .14

d tfreTTee-end. The outer bl ades

252 and 253 are pivotably nmounted to b

o-that, optionally, the
abﬂkigaAgn P y y

PN

can be swung out of the way of the—certs
in matching the tooth colour with only

a—blade—251T—tp enabl.e betteraccess
o .

) =,
= |
26 LZé
20
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three central col our sanples 211, 213 and 215 nounted on the central handle
251. Anét her?* enbodi nent of an indicator device 300 is shown in Fig. 12.
Thi s device has been nodified to provide only the central three col our
sanples 311, 312 and 314, with each being nounted on_an =adi-vi dual

bl ade 317-319. The three separate bl-ades are ff 1a8s 8BEY Y0 each

ot her at one end 316. This device 300 is nost '
| um nance level, for which it is believed therq , mal | range
of a and b values (see Figs. 7 and 8). It can, however, also be. used for
the Db Mand L levels if tooth colour 15 matching is less crucial, for
exanple, in fabricating conposite restorations. Figure 13 shows anot her
enbodi nent of a colour m xture indicator

FIG.6

. This Sheet Has Been Replaced




device 420 which constitutes a conplete set of devices 400-403 for each

| um nance lsevel nounted on a common base 410. Each-central or side 20
group of sanples for each individual device 400 plugs into, and is retained
by the base. The sanples are each nmounted on an i ndividual bl ade

430, 440- 442, 450- 452, 460- 462, and agai n, each group of sanples is pivotably
i nterconnected.. This neans each group of bl ades and sanples can be used in
a fan-1i ke manner. The sanples at the end of each blade 25 are also .
rotatable in the plane of the blade so the sanple can be oriented with a
tooth against which it is beinghconpared. The individual devices 400
identified as D Mand L are geénerally sim‘I%%)BFEV359K

L v

L0,

(D)

CFIG. 7
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to the device 200 shown in Fig. 11, while the device indentified as XL is

equi jal ent to the device 300 showmn in Fig. 12. Each device 400-403 uhi quely
|dent|f|es each col our sanple as shown.. The |e gl AT B Nor e :
‘red” than the right sanple 5 which are respé wHwesyEﬁBﬁ dw , hence

the use of "Y' and "R'. Cearly "C'" refers to tle cemE s <
In use, the sanples of the device 420 are to be=reHd ar ns Iength
adj acent the tooth to be matched to adjudge the appropriate |ightness/

| um nance level. It is inportant to vi%glthe sanples at 10 arns length, as

t he human eye can only effectxvely et ect riations in |um nance at that

di stance. The eye cannot nake ccrr€§ T Xﬁctions of relative |um nance at

FIG.8

———— —— ~

FIG. 9
> b
This Sheet Has Been Rep

L
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each central three blades and sanples for the four |um nance |levels are
pl uckeg outsof the base 410 in turn to determ ne the correct |um nance 15

level. It is then necessary to determ ne where the tooth colour to be

mat ched lies with respect to the three central ve W-‘es Say
the "M |um nance | evel has been selected, in whi %\" é Jthen
conpared agai nst sanples MJ, M2, MC3 to determ he_20 SiF Two s | es

it falls between. This represents a d@éision as to the yell ow bl ue col our
mx in the tooth colour. It is possibl 0 estimate a proportion of, say,
MCl and MC2, to be, for exanple, 25% and 75% MC2. That esti mation IS
then marked on the work sheet shown N Kig\14. 25 This step is
then foll owed by considering 2% ‘ 3

FIG.10
b 206 -
> a 205
200
22
21
2 |
2t * FIG . 1
216
4253
252 —
251
o} o 255
_—
This Sheet Has Be
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m x by bringing the col our sanples MYl and MR1 beside the tooth. Again, it
IS posséblesto estimate the proportional mx to be, for BFQ 359K - 16 -
exanpl e, 25% Myl and 75% MR1l. This estimation is then marked on the Work
sheet, and therefore |ocates the desired col our ac
intersection of those two points. A dental technici aﬁ”'@a?ﬁttEﬁeW\&BEﬁNy* m X
up.the restorative materials corresponding to MJ , __REPLAGED VR bfu t he
appropriate proportions to achieve the desired result. Tt 15 a5 ect

result of the allocation of .the strictly paced co-ordi nation

FIG.12

FIG.15

This Sheet Has Been Replaced

AT




systemthat a proportional mx as specified above with respect—-te-:'b' axis
col oursscand 'a' axis colours results in the requi 7§§#@E¢Hmsﬁﬁﬁmdhieved
Manuf acturers of the restorative materials can fafricatge@LAcEDuUrs fior the
conpl ete range of col our sanpl es based solely on {k == ' f each
sample by the L,a,b or L,C h co-ordinates. It is often necessary to m x up
different colours for the one tooth, as a tooth normally varies in colour

t hroughout its length, especially in patient'@ of mddle age or older. For
this purpose the 15 worksheet shown in Fig. 14 can be supplenented with a
plan of all the teeth in the nouth in approprijate views, with those views
mar ked up as to what part of the tooth is t restored with each
particul ar deternmined mxture. The worksheet may al so show only one 'grid",
and the appropriate | um nance Ievel<ﬁfe§%§j ed tjo that grid, rather than

FI1G.13

XLy
S
yLc

| g |

20



20 having a separate grid for each lumnance level. By using the device
410, 'ijeis epossible to nore accurately approxi mate the true tooth colour in
a restorative material, for reason of enabling thg=three ‘cﬁ,‘_f%gm nates L, a,
b or L,C h to be substantlally nore accurately es,i‘n’ﬁi S hal kN theu prlor
art. Prlor art systems, 25 except for U S Pat eng
to above, do not in any way .arrange col ours or sanyg -s In strict spaced
relation to a colour co-ordinate system BFD/ 359K - 17 -
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A further’aid to the device shown in Fig. 11, Fig. 12 and Fig. 13 is a
col our chart (not shown) mhlch dlsplays in printed for
sanples in like relation _as the-dewices 500, 300, 400,

cross-matches with reg qﬁﬁggmggmmmaﬁﬁmt cor r espondi ng (bégi

sanple. The restorati v natqmgguACEian be lspecified as o
such as porcel ain, powk teeth. A further enbodi ment of the

co-ordinate system shown in Flg 15 relates to the instance where it is
very . inportant to attain as clo ggt g@f@ﬂ@ 1§§B gggv- CRS 1S possible.

. In this case addltldﬂEN'fadpﬁﬁéSﬁggﬁ b @P g gre i ntroduced to

. the existing co-ordinate systemat each |lum nance |level to enable a nore

' detailed conparison. Even so, the principle of sel ecting the central

col ours to be ABHSTRACDHY apprOX|nater 3 degrees in hue with respect to an
adj acent cut still

A dental colour mixture indicator device is described.

In an embodiment, the dental colour mixture indicator device
(420) comprises four component indicator devices (400-403) each
retained by a common base (410). Each component indicator device
(400-403) has an array of colour samples (Y1-2,C1-3,R1-2) mounted to
individual blades (430,440-442,450-452,460-462), with each group of
blades able to be plucked from the base (410) for the purposés of a
comparison with a tooth. Each colour sampie (Y1-2,C1-3,R1-2)
corresponds with an artificial tooth maferia], and, on the basis of the
comparison, a mixture of the.respectivé tooth materials allows correct
colour matching of a restorative tooth.

The arrayed colour samples (Y1-2,C1-3,R1-2), coincide with a
corresponding location on a colour co-ordinate system. The central
co]ouré (201) of each component indicator device (400-403) are offset
from other ones of central colours with respect to the colour
co-ordinate system. This means a fewer number of samplés ére required

than in the prior art to encompass the whole body of tooth colour.

(Fig. 13



applii es. The intermediate colours are chosen to fall between the 15

exi sting colours 201-207, and their |ocation with respect DI EX] Y
descri bed co-ordinate systemis shown in Fig. 15. Althou LF%S#.R? & T|%§S‘%Ty

illustrated, clearly a colour mxture devih)r:e enbraci ng the col. u‘[s@@l&@?
end 320-323 coul d be constructed on simIdW91ines to that o B T it

or Fig. 13. 20 It can therefore be seen that the invention provides
an i nproved system for matching tooth col our, which, by appropriate
selection of the central colour for each |um nance | evel in accordance with

a deternined relation of huée &hift with re to lum nance, results in a
reduction in the nunber ofggolour sanples. ' devices and 25 dental
materi al s needed to be stocked. This haf 19ed°for boththe
manuf acturer of the t(')otLh restorative maferialg and mat chi ng
S0
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30 FIG. ]
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devi ces,
BFDY 359K

pati ents.
i nvention,

of match of tooth colour but at a | esser expense to thenfel ves aﬂjﬁi‘%
The foregoing describe only some enbodi nents o mme A
and nodi ficati ons,

and‘to dentists and/or dental

t echni ci ans who cahR=——stil l—enstr-e—

obvi ous to those skilled

- 18- || EPIICEMENT-SHEEE |

made thereto W t hout departlng fromthe presgﬂk)lnventlon BFEV359K
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CLAIM5 1. ‘A set of dental colour m xture indicator dey
: plurality of conponent indicator devices, each saidllcq
device having a plurality of colour sanples |ocatedl
arranged about a central one of the col our sanples : oF;
apart from sanples adjacent thereto, the colours of Is&d il el ng
representative of colours of a predeteBH?ned col our system having a co-
ordinate systemaligned with said array wherein the col our of each of said
sanpl es corresponds to the col our of the corresponding |location in said
co-ordi nate system the colours of the sanples of each said conponent

devi ce being located on a plane of said co-ordinate system and the pl ane
correspondi ng to each device being substantially parallel to, and spaced
from the planes of the other ones of said conponent devices and




{

L@E@Mgsmamwser

such that the central col our sanples of adjacent planes
irespect to the co- ordinate system and whereby, in use t he "BS et, a
patient's tooth can be conpared agai nst any one of said r@é@ﬁ?eﬁ? 31&
and a desired dental colour internediate éﬁ%elected pair sai Ul ‘
sanpl es can be mxed for fabrication by a mxture of the coloring materials
used to fabricate said selected pair. -2. A set of dental colour m xture

i ndi cator devices as clained in claim1l, conprising a plurality of blades
each having a first end and a second end, the col our sanples of at |east
one of the conponent indicator devices in the said set being fixed to said
first ends of said bl ades, d neans providing a conmpn connection at the
second ends of the blades. 3; A set of dé&ba?ﬂtblour m xture indicator
devices as clainmed in claim#, mhﬁpgi@ t\he ' co n connection is formed by a
base. 4. A set of dental colour 1 ’ [ [
claim 2, wherein the

Y
o




common ‘connection is formed by a pivoting fastener so that the bl ades are

arranged in the shape of a fan. 5. A set of dental colour ToT?
i ndi cator devices as clained in claim2, wherein a first nuihékgﬁngggﬁﬁﬂﬁfT-
and three inclusive of colour sanples are arranged on each bb@g 1 7 0CT 1996

REPLACENMENT SHEET second nunber between one and three incI d Of - hlgdes e

form ng each conponent indicator device in thg é{gl d set. 6. A set of
dental col our m xture indicator devices as cl { din clal m 2, wherein
there are at |east three col our sanpl es per conponent indicator device and
four said conponent devices Li_n the said set.

FIG. 8




7. A set of dental col our m xture devices as clai med|frJC ct 3] Nerenn
» the'said co- ordinate systemis the Cl ELAB system and t#kf%éﬁéggﬂFgng ﬁ
approximately 3 degrees in hue towards red for each ad qﬁﬁnaﬁgqﬁne R a
direction of decreasing |uminance. 8. |n conbination M1 CteSer-"gr
dental col our m xture indicator devices of claim1, a worksheet tor
assisting in the prescription of artificial tooth material from which
artificial.teeth can be fabri.cated, the W/Bksheet displaying a plurality of
grids for each plane for noting the resulting proportional comnbination of
adj acent vertical col our sanples anqgﬁgjacent hori zontal sanples on the
wor ksheet, whereby the worksheet pro es a reference fromwhich artificial
tooth material can be m xed to achiev he desired matching tooth col our
for a tooth to be replaced or restorefl. L9. A dental colour mxture
i ndi cat or device conprising a plurali conponent devi ces, each of said
conponent devices having a plurali ur sanples located in an array
and arranged about a cent28% #ples with each sanple
spaced

FIG .10
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apart sfrom sanpl es adjacent thereto, the colours of said _sanples_being
representative of colours of a predeterm ned col our sy ¥ﬁ?lﬁéﬁ _
co-ordinate systemaligned with said array wherein thgjco o*r %ﬁ? &
sai d sanpl es corresponds to the col our of the correspcw@%gg_llc d996 n
said co-ordinate system the.colours -of the sanples oflke SEId” :
being | ocated on a plane of said co-ordinate system and the pl ane
correspondi ng to each device being substantially parallel-to, and spaced
from the planes of the other ones of chﬂ%onponent devi ces and such that
the central col our sanples of adjacent planes are offset with respect to
the co-ordinate system - -and whereby, in_use of the indicator device, -a
patient's tooth can be conpared againsﬂ%&ﬁ% one of said component devices
and a desired dental colour internediate a selected pair of said col our

———e ]

FIG.12

FIG. 15
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21 sanples can be m xed for fabrication by a m xture of the coloring
materials used to fabricate said selected pair. 10. A dentaf Qur mxture
i ndi cator device as clainmed in.claim9, wherein the colour ¢

conponent device are fixed to an end of a blade and the oth
bl ade of each conponent device is connected to a conmon bas

colour m xture indicator device. 11. A dental col our m xtur
device as clainmed in claim 10, wherein a first nunber between one and three

i ncl usi ve of colour sanples are arranged of/gach of a second nunber between
one and three inclusive of blades form ng each conponent device. 12. A
dental colour m xture indicator device as clainmeg in claim10, wherein
there are at |east three col our sanples per conpgnent device and four said

conponent devi ces

FIG.13




conpri $e the dental colour m xture indicator device. 13. A dental col our
m xture indicator device as clainmed in claim9, wherein the sai d
co-ordinate systemis the ClELAB system and the said of §
approximately 3 degrees in hue towards red for each adja eﬁﬁphwgﬂ@EﬂﬁsﬁEET
direction of decreasing |lumnance. 14. ‘A nethod of sel ectjji ng a ¢dgn
colour from an el ongate body of possible dental colours Esehted™
col our co-ordinate system said body having a |ongitudi nal” axis, an
met hod conprising the steps of: notionally cutting said body at points
along said axis with a plurality.of substantially parallel cuts; notionalFy
|l ocating a regular grid of lines on each of said cuts, saidlines having
intersections formng an array of |ocatiofg arranged about a céntra

| ocation; selecting a plurality of colour sanples for each cut, each of
sai d col our sanples corresponding to a colour lying at a corresponding
intersection |ocation of the grid of

o

|
2
Y
FIG.14
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said cut, -the central one of the col our sanples for adjpasent_cuts belng
c0|nC|dent on the longitudinal axis of the body but of‘sntpﬂxég
-an axis normal to the plane of the said parallel cuts;Jland
Dat e sel ecting a desired shade of said dental col our b
one of said cuts, and secondly selectingthe desired stragde—tg
of said selected colour sanples for the selected cut or a colour e of

cur 15, AUeRRS 3BbaRiIR A 1P e MRS, SURCRUBMY vRORE, Rkl JiE

Syst em ' Sn&ﬂ?@wg} Iﬁﬁ ﬁiXStEﬁ‘&Bd &' BienliCinfR kit Bhd ?ﬁke@@ﬂfp?&&ﬂ”f’é ShhenSndifdiaflgs | "

hue towards re each
viewed from above the a-b plane, for reason of actually viewing hue shifts, and seeking

to bound all those hue values over the presumed luminance range.

Upon further investigation it was realised by the inventor that as the central colour
1 was varied in luminance (darkened or lightened) the hue shift was quantifiable, which
the inventor has now determined to be approximately 3 degrées of h for every five units
of luminance, L.

A further discovery was made by selection of the central colour 1 for each cut 26
or luminance level to be plus or minus three degrees of the central colour of an adjacent
cut 26. Under these restricted conditions up to 95% of all tooth colours could be
reproduced by only the three central colours 1, 2 and 4. It was also discovered that it
would now be possible to apply a further restriction of only four cuts 26, each one
corresponding to a spacing of five units of L, in order to cover the desired 15 to 20 unit
range. Consequently, only four devices 20 are required, and the set of colour materials
needed to be stocked by manufacturers and suppliers can bé reduced.

The present invention takes advantage of these important discoveries.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a set of dental
colour mixture indicator devices comprising a plurality of component indicator devices,

" each said component indicator device having a plurality of colour samples located in an
array and arranged ébout a central one of the colour samples with each sample spaced
apart from samples adjacent thereto, the colours of said samples being representative of

. colours of a predetermined colour system having a co-ordinate system aligned with said
| array wherein the colour of each of said samples corresponds to the colour of the

corresponding location in said co-ordinate system, the colours of the samples of each
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adj acent cut in a direction of decreasi ng | um nance. 16

enabling selection of a dental colour froman el ongate

dental colours represented on a col our co-ordinate systiem sal

a longitudinal axis, and said nethod conprising the st
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subsequent selection of a desired shade of said dental

the said set, a patient's tooth can be compared against any one of said component devices
and a desired dental colour. intermediate a selected pair of said colour samples can be
mixed for fabrication by a mixture of the coloring materials used to fabricate said
selected pair. |

According to another aspect of the present invention there is provided a dental
colour mixfure indicator device comprising a plurality of component devices, each of
said component devices having a plurality of colour samples located in an array and
arranged about a central one of the colour samples with each sample spaced apart from
saiqples adjacent thereto, the colours of said samples being representative of colours of a
predetermined colour system having a co-ordinate system aligned with said array .wherein
the colour of each of said samples corresponds. to the colour of the corresponding’
location in said co-ordinate system, the colours of the samples of each said device being
located on a plane of said co-ordinate system and the plane corresponding to each device
being substantially parallei to, and spaced from, the planes of the other ones of the
component devices and such that the central colour samples of adjacent planes are offset
with respect to the co-ordinate system, and whereby, in use of the indicator device, a
patient's tooth can be compafed against any one of said component devices and a desired
dental colour intermediate a selected pair of said colour samples can be mixed for
fabrication by a mixture of the coloring materials used to fabricate said selected pai'r.

According to still another aspect of the present invention there is provided a
method of selecting a dental colour from an elongate body of possible dental colours
represented on a colour co-ordinate system, said body having a longitudinal axis, and
said method comprising the steps of: notionally cutting said body at points along said

axis with a plurality of substantially parallel cuts; notionally locating a regular grid of
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each of said colour samples correspondlng to a colour lying at a corresponding

intersection location of the grid of said cut, the central one of the colour samples for
adjacent cuts being coincident on the longitudinal axis of the body but offset with respect
to an axis normal to the plane of the said parallel cuts; and selecting a desired shade of
said dental colour by firstly selecting one of said cuts, and secondly selecting the desired
shade to be either one of said selected colour samples for the selected cut or a colour
mixture of at least two adjacent ones of said selected colour samples for the selected cut.

According to still another aspect of the present invention there is provided a
method of enabling selection of a dental colour from an elongate body of possible dental
colours represented on a colour co-ordinate system, said body having a longitudinal axis,
and said method comprising the steps of: notionally cutting said body at points along
said axis with a plurality of substantialily parallel cuts; notionally locating a ;regular grid
of lines on each of said cuts, said lines having intersections forming an array of locations
arranged about a central location; and selecting a plurality of colour samples for each
cut, each of said colour samples corresponding to a colour lying at a corresponding
intersection location of the grid on said cut, the central one of the colour samples for
adjacent cuts being coincident on the longitudinal axis of the body but offset with respect
to an axis normal to the plane of the said parallel cuts so as to enable the subsequent
selection of a desired shade of said dental colour.

. According to still another aspect of the present invention there is provided a set of
dental colour materials from which artificial tooth material can be fabricated from either
one of said dental colour materials or a colour mixture of at least two of said dental
colour materials, said set of dental colour materials enabling substantially all the range of
naturally occurring tooth colours to be .fabri_cated, said set of dental colour materials
prepared by a process comprising the steps of: notionally cutting an elongate body of

possible dental colours represented on a colour co-ordinate system and having a
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grid on said cut, the central one of the colours for adjacent cuts being coincident on the
longitudinai axis of the body but offset with respect to an axis normal to the plane of the
said parallel cuts.

According to still another aspect of the present invention there is provided an
artificial tooth fabricated from at least one dental colour material of a set of dental colour
materials, said set of dental colour materials enabling substantially all the range of
naturally occurring tooth colours to be fabricated, said set of dental colour materials
prepared by a process comprising the steps of: notionally cutting an elongate body of
possible dental colours represented on a colour co-ordinate system and having a
longitudinal axis at points aloﬁg said axis with a plurality of substantially parallel cuts;
notionally locating a regular grid of linés on each of said cuts, said lines having
intersections forming an array of locations including a central location; and selecting a

-plurality of colours of said set of dental colour materials for each cut, each of said
colours corresponding to a colour lying at a corresponding intersection location of the
grid on said cut, the central one of the colours for adjacént cuts being coincident on the
longitudinal axis of the body but offset with respect to an axis normal to the plane of the
said parallel cuts.

According to yet another aspect of the presenf invention there is pro{rided a colour
guide comprising a printed colour representation of a plurality of colours for selection of
artificial tooth material from which artificial teeth can be fabricated, the colour guide
enabling substantially all the range of naturally occurring tooth colours to be selected for
fabrication, said colour guide prepared by a process comprising the steps of: notionally

cutting an elongate body of possible dental colours represented on a colour co-ordinate
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corresponding intersection location of the grid on said cut, the central one of the colours
for adjacent cuts being coincident on the longitudinal axis of the body but offset with

respect to an axis normal to the plane of the said parallel cuts.
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Figs. 1 to 5 are prior art and.correspond to Figs. 1-5 of U.S. patent No. 4,657,399
as explained above;

Fig. 6 is a representation of the colour body of all tooth colours when mapped
under the CIELAB system;

Fig. 7 is a representation of the colour body at each slice or luminance level

mapped onto the a and b axes;
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degrees in hue towards red for each
samples with each sample spaced apart from samples adjacent thereto, the colours of said

samples being representative of colours of a predetermined. colour system having a co-
ordinate system aligned with said array wherein the colour of each of said samples
corresponds to the colour of the corresponding locétion in said co-ordinate system, the
colours of the samples of each said component device being located on a plane of said
co-ordinate system and the plane corresponding to each Qevice being substantially
parallel to, and spaced from, the planes of the other ones of said component devices and
such that the central colour samples of adjacent planes are offset with respect to the co-
ordinate system, and whereby, in use of the said set, a patient's tooth can be compared
against any one of said componexilt devices and a desired dental colour intermediate a
selecte& pair of said colour samples can be mixed for fabrication by a mixture of the
coloring materials used to fabricate said selected pair.

2 A set of dental colour mixture indicator devices as claimed in claim 1, comprising
a plurality of blades each having a first end and a second end, the colour samples of at
least one of the component indicator devices in the sziid set being fixed to said first ends
of said blades, and means providing a common connection at the second ends of the
blades. |
3. . Asetof deﬁtal colour mixture indicator devices as claimed in claim 2, wherein the
common connection is formed by a base. |
4. A set of dental colour mixture indicator devices as claimed in claim 2, wherein the
common connection is formed by a pivoting fastener so that the blades are arranged in
the shape of a fan.

5. A set of dental colour mixture indicator devices as claimed in claim 2, wherein a

first number between one and three inclusive of colour samples are arranged on each of a
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indicator device in the said set.

6. A set of dental colour mixture indicator devices as claimed in claim 2, wherein
there are at least three colour samples per component indicator device and four said
component devices in the said set.

7. A set of dental colour mixture devices as claimed in claim 1, whefein the said co-
ordinate system is the CIELAB system, and the said offset is approximately 3 degrees in
hue towards red for each adjacent plane in a direction of decreasing luminance.

8. In combination with the set of dental colour mixture indicator devices of claim 1, a
worksheet for assisting in the prescription of artificial tooth material from which artificial
teeth can be fabricated, the worksheet displaying a plurality of grids for each plane for
noting the resulting proportional combination of adjacent vertical colour samples and
adjacent horizontal samples on the worksheet, whereby the worksheet p.l'ovideé a
reference from which artificial tooth material can be mixed to achieve the desired
matching tooth colour for a tooth to be replaced or restored.

9. A dental colour mixture indicator device comprising a plurality of component
devices, each of said component devices having a plurality of colour samples located in
an array and arranged about a central one of the colour samples with each sample spaced
apart from samples adjacent thereto, the colours of said samples being representative of
colours of a predetermined colour system having a co-ordinate system aligned with said
array wherein the colour of each of said samples corresponds to the colour of the
corresponding location in said co-ordinate system, the colours of the ;samples of each
said device being located on a plane of said co-ordinate system and the plane
corresponding to each device being substantially parallel to, and spaced from, the planes
of the other ones of the component devices and such that the central colour samples of
adjacent planes are offset with respect to the co-ordinate system, and whereby, in usé of
the indicator device, -a patient's tooth can be compared against any one of said

component devices and a desired dental colour intermediate a selected pair of said colour
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sai d par aldaglples of each component device are fixed to an end of a blade and the other end of
each blade of each component device is connected to a common base of the dental colour
mixture indicator device.
11. A dental colour mixture indicator device as claimed in claim 10, wherein a first
number between one and three inclusive of colour samples are arranged on each of a
second number between one and three inclusive of blades forming each component
device.
12. A dental colour mixture indicator device as claimed in claim 10, wherein there are
at least thrqe colour samples per component device and four said component devices
comprise the dental colour mixture indicator device.
13. A denital colour mixture indicator device as élaimed in claim 9, wherein the said
co-ordinate system is the CIELAB system, and the said offset is approximately 3 degrees
in hue towards red for each adjacent plane in a direction of decreasing luminance.
14. A method of selecting a dental colour from an elongate body of possible dental
colours represented on a colour co-ordinate system, said body having a longitudinal axis,
and said method comprising the steps of:
notionally cutting said body at points along _'said axis with a plurality of
substantially parallel cuts;
_. notionally locating a regular grid of lines on each of said cuts, said lines having
intersections forming an array of locations arranged about a central location;
selecting a plurality of colour samples for each cut, each of said colour samples
corresponding to a colour lying at a corrgsponding intersection location of the grid of
said cut, the central one of the colour samples for adjacent cuts being coincident on the
10n§'1tudinal axis of the body but offset with respect to an axis normal to the plane of the

said parallel cuts; and
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selecting a desired shade of said dental colour by firstly selecting one of said cuts,

and secondly selecting the desired shade to be either one of said selected colour samples
for the selected cut or a colour mixture of at least two adjacent ones of said selected
colour samples for the selected cut.
15. A method as claimed in claim 14, wherein the said co-ordinate system is the
CIELAB system, and the said offset approximately 3 degrees in hue towards red for each
adjacent cut in a direction of decreasing luminance.
16. A method of enabling selection of a dental colour from an elongate body of
- possible dental colours represented on a colour co-ordinate system, said body having a

longitudinal axis, and said method comprising the steps of: |

notionally cutting said body at points along said axis with a plurality of
substantially parallel cuts; _ _ .

ndtionally locaﬁng a regular grid of lines on each of said cuts, said lines having
intersections forming an array of locations arranged zizbout a central location; and

selecting a plurality of colour samples for each cut, each of said colour safnples
corresponding _td a colour lying at a corresponding intersection location of the grid on
said cut, the central one of the colour samples for adjacent cuts being coincident on the
longitudinal axis of the body but offset with respect to an axis normal to the plane of the
said parallel cuts so as to enable the subsequent selection of a desired shade of said dental
colour.
17. A set of dental colour materials from which artificial tooth material can be
fabricated from either one of said dental colour materials or a colour mixture of at least
two of said dental colour materials, said set of dental colour materials - enabling
substantially all the range of naturally occurring tooth colours to be fabricated, said set
of dental colour materials prepared by a process comprising the steps of:

notionally cutting an elongate body of possible dental colours represented on a
colour co-ordinate system and having a longitudinal axis at points along said axis with a

plurality of substantially parallel cuts;



- 26- wor ksheet—bei-rg-—for—use-wi.th the set of devi ces as clfai ifg—claiml -
and di spl ayi g pI ur al Tﬂﬂof grids for each plane, and REBYACEMENT SHEET

t he respecti sulting proportional conbination of adjacent
vertical col Jacent hori zontal sanples

nam&cﬁcu‘ill 1
wor ksheet, the vvorksheet t hen being prov3ded as a referen : EBS """"
artificial tooth material can be m xed to achieve the deS| red rratchl ng

tooth col our for ooth.to.be re
notlonaliy ocating a regulaP g?i gf (hes roensé'fc q’ saB(i: ts A%nd lines hav1ng

intersections forming an array of locations including a eentral location; and

selecting a plurality of colours of said set of dental colour materials for each cut,
each of said colours corresponding to a colour lying at a corresponciing intersection
location of the grid on said cut, the central one of the colours for adjacent cuts being
coincident on the ldngitudinal axis of the body but offset with respect to an axis normal
to the plane of the said parallel cuts. |
18. A set of dental colour materials as claimed in claim 17, wherein the said co-
ordinate system is the CIELAB system, and the offset is approx1mately 3 degrees in hue
towards red for each adjacent cut in a direction of decreasing luminance.
19. A set of dental colour materials as claimed in claim 18, wherein there are four cuts
spaced apart by approximately five units of luminance.
20. An artificial tooth fabricated from at least one dental colour material of a set of
dental colour materials, said set of dental colour materials enabling substantially all the
range of naturally occurring tooth colours to be fabricated,ﬁ said set of dental colour
materials prepared by a process comprising the steps of:

notionally cutting an elongate body of possible dental colours represented on a
colour co-ordinate system and having a longitudinal axis at points along said axis with a
plurality of substantially parallel cuts;

notionally locating a regular grid of lines on each of said cuts, said lines having
intérsections forming an array of locations including a central location; and

. selecting a plurality of colours of said set of dental colour materials for each éut,

each of said colours corresponding to a colour lying at a correspdnding intersection
location of the grid on said cut, the central one of the colours for adjacent cuts being
coincident on the longitudinal axis of the body but offset with respect to an axis normal

to the plane of the said parallel cuts.
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21. An artificial tooth as claimed in claim 20, wherein two of the mixed dental colour
materials lie adjacent in a vertical plane of the said grid and two of the mixed dental
colour materials lie adjacent in a horizontal plane of the said grid.
22. An artificial tooth as claimed in claim 20, wherein a colour mixture.of only two of
said dental colour materials are mixed, and wherein the two dental colour materials
either lie adjacent in a vertical plane of said grid or lie adjacent in a horizontal plane of
said grid. \
23. A colour guide comprising a printed colour representation of a plurality of colours
for selection of artificial tooth material from which artificial teeth can be fabricated, the
colour guide enabling substantially all the range of naturally occurring tooth colours to
be selected for fabrication, said éolour guide prepared by a process comprising the steps
of: _ . ' |

notionally cutting an elongate body of possible dental colours represented on a
colour co-ordinate system a;1d having a longitudinal axis at points along said axis with a
plurality of substantially parallel cuts;

notionally locating a regular grid of lines on each of said cuts, said lines having
intersections forming an array of locations including a central location; and

selecting for each cut a plurality of colours, each of said colours lying at a
corresponding intersection location of the grid on said cut, the central one of the colours
for adjacent cuts being coincident on the longitudinal axis of the body but offset with
respect to an axis normal to the ﬁlane of the said parallel cuts.
24. A colour guide as claimed in claim 23, wherein the said co-ordiniate system is the
CIELAB system, and the offset is approximately 3 degrees in hue towards red for each

adjacent cut in a direction of decreasing luminance.
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DENTAL COLOUR MIXTURE INDICATOR DEVICE

ABSTRACT

A dental Eo]our mixture indicator device is described.

In an embodiment, the dental colour mixture indicator device
(420> comprises four component indicator devices (400-403) each
retained by a common base (410). Each component indicator device
(406—403) has an array of colour samples (YI—Z,CI;B,Rl-Z) mounted to
individual blades (430,440-442,450-452,460-462), with each group of
blades able to be plucked from the base (410) for fhe purposes of a.
compar{sqn with a tooth. Each colour sample (Y1-2,C1-3,R1-2)
corresponds with an artificial ;ooth material, and, on the basis of the
comparison, a mixture of the re'spective tooth materials allows correct
colour matching of a restorative.tooth.

The arrayed colour samples (Y1-2,C1-3,R1-2), coincide with &
corresponding 1ocation:on a colour co-ordinate system. The central
colours (201) of each cqmponent indicator device (400-403) are offset
from other ones of central colours with respect to the colour
co-~ordinate system. This means a fewer number of samp]és ére required

than in the prior art to encompass the whole body of tooth cblour.

(Fig. 13)



