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METHOD AND SYSTEM FOR PROVIDING FEEDBACK DATA
USEFUL IN PROSTHODONTIC PROCEDURES ASSOCIATED- WITH
 THE INTRA ORAL CAVITY -

FIELD OF THE INVENTION o
This mvennon relates to a system and mcthod for providing feedback
information that facxlltates and that may pro’nde guidance for prosthodormc | '
procedures in the intra oral cavity, i.e., procedurcs involving the installation and .
. | definition of dental prostheses. In par'ti‘cular,‘th'e invention relates to such systems

and methods that are computerized. _'

BACKGROUND OF THE INVENTION
, Prosthodontics is the dental spec1ahty concerned with amﬁcml
replacements o-_f missing parts of the mouth and _}aWS, in particular of teeth and
parts thereof. | | | |
In prosthodonnc procedures des1gned 0 u:nplant a dental prosthesis in the
intra oral cavity, the dental site at which the prosthe51s is to be implanted in many
* cases needs to be measured accurately and studied caréﬁllly, éo that a prosthesis :
such as a crown or bridge, for example, can be properly des1gncd and
dunenSmned to fit in-place. A good fit is of the highest 1mportance to enable
mechamcal'stresses to be prOperly transmitted between the prosthesis and the ..
jaw, and to prevent infection of the-gums and 50 on via the interface bemreen the
prosthesis and the dcntal site. '
- In the prior art, the dental site is prepared by the dental practmoner and a-
| ﬁositwe model of the sx@e is constructed using known methods. Alternatwely, the
dental site may be scanned to provide 3D data of the site. In either case, th'Le.
" virtual or real model of the site is sent to the dental lab, \%}hich mamifaétures the

01539618\3-03 .
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prosthesis Based on the model. waever, if the model'is deficient or undefined in
certain areas, or if the pr_eparation is not optimal for receiving the prosthesis, the .
dental technician has a more difficult job ahead than otherwise, and may result in

| léss than optimal design for the prosthesis. In some circumstances, the model is
rejecied and the denta) practitioner must re-scan the dental site, or must rework

the preparation, so that a suitable prosthesis may be produced.

' SUMMARY OF THE INVENTION

Herein, "dental rnatenal" refers to any material assocxated wﬂh dental '
strucmrcs of the intra oral cavity, mcludmg but limited to natural dental materials-
such as for exémple enamel, dentine, pulp, dental roots, and non-natural dental
matenals such as for example metallic and non-metallic ﬁlmgs, restorations,
crowns, bridges, copings, preparations, and 50 on. ' e

Herein, "dental 9],1nj.c refers to the mterface between a dental practmoner _
and a patenvt,Aand thus includes any physical entity,’ in particular a chmc, in which
there is interaction bethen a dental patient and a dental practitioner. While
"déntal practitioner” typi.cal.ly‘relfe'rs to a dentist, docior or-dental technician, it
also includes herein all other caregivefs that may interact with a dental patient
during the course of a dental treatment. While "dental patient” typlcally refers to -
a person requiring the dental services. of a dental pract1t10ner, it also includes
herem any person regardlmy whom it is desired to create a 3D numencal model
of the intra oral cavity thereof, for‘exam.ple for the purpose of practlcmg the same

or for carrying out research. ‘ o I

The term "prosthe51s" is herem taken to mclude any restoratlon and any
onlays, such as crowns and bridges, for example, and inlays, such as caps, for
example and avy other artificial partial or complete denture.

While the term "preparanon" typically refers to the stump (including the
finish line and sboulder) that is left of the tooth that is to be replaced by the

01539618\3-03
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prosthesis - typically a crown - and ‘on which the crown islto be mourlted, the
term herein also includes artificial stumps, :pivots cores ‘and posts, or other .
devices that may be xmplanted in the intraora) cavzty in such a position or in a |
posxtmn that js optimal for implanting the crown. _

The term "prosthodontlc procedure" refers, inter aha, to any procedure
mvolvmg the intraoral cavity and dlrected to the design, manufacture or:
installation of a dental prosthesw ata dental site within the mtraoral cavity, ora
real or virtual model thereof, ordirected to the design: and preparat:on of the
dental site to receive such a prosthes1s A '

The term "numerical entlty is used herem synonymously with \nrtual

model and other such terms, and relates to a virtua) representatlon of a real
- object, typlcally a dentmon or at least a part of mtraoral cavity, or of a real model

" thereof, for example

The present inventjon, in a first aspect thereof, relates to a method for_ )
prowdmg feedback data useful in at least one prosthodontlc procedure assocxated .
wrth the intra oral cav1ty compnsmg _

(a) providing at Ieast one numerical: entlty representatwe of the three-

- dimensional surface geometry of at least part of the intra-oral cavity; '

'(b) mampulatmg said entity to provxde des1red data of a type useful in at |
leasr a first said procedure, , _ :

(c) determlmng at least one relatronshlp between said desned data and,
said first procedure; and o o -

(d) generating feedback data representatlve of sald at least one .
relatlonshlp ' . '

Typ1ca1]y, in the saxd prosthodontxc procedure, dental matenal has been: :
prevxously removed from said part of the intra-oral: cawty by means of a second |
procedure |

' Optlonally, step (c) compnses testmg an adequacy of said desired data for ,

perfornung said first procedure accordmg to at least one predetermmed '

01539618\3-03
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~ parameter, a#d step (d) compr.ises generating feedback data representative of said
~ adequacy. | '

The method isv typically directed at a said first procedure comprising
mounting at least one dental prosthesxs with respect to a dental preparanon
compmsed in said mtraoral cavity and provided pnor to step (a). '

In a first embod:ment of the mventron, said desired data relatcs to the
oeometry of a ﬁmsh line associated thh said dental preparation. Step (c)
compnses determining whether or not the sald finish line geometry is smtable for

| recewmg a prosthesis accordmg to predetennmcd parameters; said feedback data
in step (d) comprises a suitable message advising whether or not said finish lme
geometry is suitable, according to said' determination in step (c). In step (c) it

- may be dctémiined that the said finish l‘.ine» geometry iS not suitable for receiving -

a prosthesis according to- predetermmed parameters and m such a case the
method may further comprise the step: |

(e) prov1dmg suggested changes to said ﬁmsh line geometry such. as to

' provide a new finish ljné geometry that is suitable for receivin'g a prosthesis
accordmo to predetermined parameters. ' - N o
The suggested changes may be calculated accordmg to predetermmed
_ - rules. Further, the suggested changes may be.d1sp1ayed on a two—dunens;on,al
| - 3 represéntatidn of said dental preparation, wherein saﬁd new finish line geome‘@
‘ | is superimposed over said tepresen.t;tioﬁ. The location of Said existing finish line
geometry may be higlfniightcd with respect to said new finish line geometry.

The method may further comprise repeating steps (a) to (d) after fusther
material has been remox}ed from the preparation to confor;n'.a-ﬁnish. line thereof
to said new finish line geotwetry. o ! | 4 . " .

‘The method may. further édmpﬁSe.repeaﬁng steps (a) to (d) concurrently -
with each step of a material removal operation, said material removal opéraﬁon'
being adapted to conform a finish line of said ptepéra.tion to said new _fmish' iine

- geometry, ‘v‘vherein step (&) is pe’rfdmied at each step of ‘said maten'a.( reméval

- operation.

01539618\3-03
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In a second crn,bodi,mén.t, the desired data relates to an insertion path
geometry ‘for said prosthesis with respect to said dental preparatioh‘ and
surrounding dental tissues. Step’(c) compﬁses determining whether .or not the .
said insertion path geometry is suitable for ‘en,ablin.g s_aid prosthesis to be
mounted with respect to said dental | preparatior}. The feedback -data may -
comprise a suitable message édvising whether or not éﬁid insertion path geometry -
is suitable, according,tov said detemligation in step (cj. In step (c) it may be |
detertﬁined that the said insertion'path geometry is not suitable for- Teceiving a
prosthesis accordmg to predetermined- parameters, and the method may then |
ﬁlrther comprise the step: ' ‘

(f)- providing suggested changes to said dental preparation such as to .

| provide a new insertion path geometry that is sultablc for receiving a prosthesxs '
accordmg to predetermmed parameters. ‘

The suagested changes may be determmed on the basis of identifying
overjapping areas between the prosthesm and the preparatxon, and providing
guldance as to correspondmg changes required in at least one of said prosthesis

‘ and said preparanon Further the sug crested changes may be chsplayed on a two-
dimensional representatlon of said dental preparation, wherein said new msemonA
| ‘path geometry is superimposed over said representanon

* The method may further comprise repeating steps (a)vto (d) after further‘

~ material has becn removed from the preparatlon to conform said preparatxon to'
. said new mser&on path geometry.

The method may further compnse repeatmg steps. (2) to ) concurrently
with each step of a material rem,qval operation, said material removal operation
being adapted to said preparatic'm'to’ said pew insertion path geometry, wherein
step (e) is evaluated at each step of said material removal operatxon : R

~ The prosthesis in. the second embodlmcnt of the invention is typlcale a

_crown or bndge

01539618\3-03
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- In é fhird’ embodiment of the ihvention, the desired data relates to at Jeast
én.e predetermined dimension between said dental preparation  and said

,prdsthesis. Step (c) comprises deter_mjning whether or‘n.o‘t the said at least one
dimension is suitable for enabling 2 prosthesis to be received according to. - |
predetermined parameters. The at least one dimension typically relates to a |
characteristic thickness of said prosthesis. The said prosthcsxs may comprises a
ceramic cap that is mountable over a metal copmg bonded to said preparation, or |
a porcelain fused to metal (PFM) cap, for cxample
| The feedback data typically comprises a sultable message advising
whether or not said at 1east one: d1mensxon is suxtable, accordmg to. saxd"‘
determination in step (c). In step (c) it'may be determined that the said at least
“one dimension is- not su1tab1e for recelvmg a prosthesns according to
predetermined parameters, and further comprises the step: - '

. (e) providing suggested changes to preparation geometry such as toj :
provide a dunensxon that is su1tablc for recelvmg a prosthems according to -
predetermined paramcters , '

The suggested changes may be determmed takmg into cons1deratlon the
type of prosthes:s to be implanted at said preparation. The suggested changes
may be displayed on a two-dimensional reprcsentatlon of said dental prepa.ranon,
wherein said ‘changes to preparation geometry are superimposed over. saxd
rcprescntanon | | | |

’ Optmnally, the method may further comprise repeatmg steps (a) to (d)

- after further materml has beer removed- from the: preparatlon to conform saxd : |
prepaxanon to said new preparation. geometry. '

Optnonal]y, the method may further compnse repcatmg steps (a) to (d)
_concurrently with each step of a material removal Opcratlon, said materlal :
removal opcratxon being . adaptcd to conform said preparanon to said ncw

' 'preparatmn geometry, wherem step (e) is evaluated at each step of said material

removal operat1on

- 01539618\3-03
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, l“or al) embodiments, step (a) is typ1cally performed by scanning said at .
"least part of said intra oral cavity using a suxtable 3D surface scanner. '
- According to a second aspect of the jnvention, in step (c) said relationship
E may be insufficiently determined due to inc’omp]ete deﬁnition of n'umcrical' entity
prov1ded by step (a). The method may then further compnse “the - step of .
~ determining the locauon of at least one area of said mtra oral cav:ty where 3D
»deﬁmtlon thereof is -required for enablmg step (c) to be performed.: Sa1d -
* determination of the location of said at least one area may be performed by
'smtable algonthms The said at least one aroa is displayed. on a two-dimensionsl
* representation of sald dental preparation, whercm said at least ore area is
supenmposed over saxd represcntatlon ‘ |
The prosthe51s typlcally compmscs any one of an mlay, onlay, crown, -
* bridge or restoration. , ‘
Optlonally, step (b) compnses simulating said procedure first with respect
to said pumerical entity to provzde said desired data.
| According to the second aspect of the mventlon, step. (a) compnses the
steps of: ' '
‘ scanning 2 part of sald intra-oral cavity to prowde a 3D numerical ent1ty
thereof . , . k
determining whether a definition of said 3D rumerical entity is sufficient
for enablmg step (c) to be performed; 4 ' |
lf said deﬁnmon is msufﬁclent, adv1s1ng a user to contmue scannmg a. .
dlfferent part of said mtra-oral cavity, and repeatmg step (u) until said deﬁnmon .
s sufﬁc1ent, wherein step (V) is perfonned y -
1f said definition is-sufficient in step (ii), proceedmg w1th step (v);

adv:smg a user that said deﬁmtlon is sufﬁcxent, and proceedmg with steps h

() o (d).

. Optionally, in step (a), said numerical entity further eom.prises color deta
of said part.of the intra oral cavity, and step (b) -eom:prises: differentiating parts of

01539618\3-03
-10-
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said entity according to whether the said color associated therewith is correlated

with soft tissues or hard tiasues of the intra oral cavity. |
. Optionally', step (a) may‘be performed in one locarion., and at least one of
sreps (b) to (d) may be performed in at Jeast one different location. |
- Optionally, step (d) is proyideii substantially in, real-time with ‘reSpie‘ct'to . .

step (a), or within a short time period thereof, typically in he order of seconds or .

fractions of 2 second

Accordmg to the second aspect of the invention, a method of provrdmo-

feedback data useful in at Jeast one prosthodontrc procedure associated with the

. intra oral cavity, comprises: -

(1) providing at least one nwnerical entity representatrve of the three- .

- dimeénsional surface geometry of at least part of the intra-oral cavity that has bcen ,

prevmusly modified by means-of a ﬁrst part of said procedure ‘

(i) mampuldtmg said entity to provrde deswed data useful in at Jeast a
second part of said procedure; ’ .

(iii) testmg adequacy of said desired data for performmg sard second part
of said procedure; and , ‘ A |

(iv) generating feedback data repreéentative of said a'dequacy.‘

Typically, the first part of said procedure comprises a dental material

removal operation in said .intraéoral cavity. F urtherﬁpical!y, step (ii) comprises :

. manipulating said entity to determine sufficiency of definition of said numerical

. entity in step (i) with respect to- said_first -said procedure, and . providing

sufficiency data representative “of said sufﬁciency, and step (iii) comprises

determining at least one relationship between said suﬁ’rcxency data and said ﬁrst
procedure In one application of the method accordrng to the second aspect of the
mvenUon, the desired data may relates toa measurc of surface data definition of
said entity. ' o

01539618\3-03 ,
' -11-
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In the third aspect of the invention, the feedback data is essentially used

' m an mteract:ve manner together with a material removing process to facﬂltate

the performance of a procedure with. respect to the intraoral cavxty

. The present inventijon also relates to a system for providing feedback data
- useful m at least one prosthodontic procedure associated with the intra oral cavity
~compnsm@ S | | o
(A). ‘scanner means for provndmc at .least one numencal entity -
representanve of th.e three-dimensional surface geometry.of at- least part of the
intra-oral cawty . | ,
“(B) microprocessor means for mampulatmg saJd entity to provxde desired
 dataofa type useful in at Jeast a first said procedure, and for detenmmng at'Jeast
| one relationship between saJd desired data and said first procedure; and
€) output means for outputtmg feedback data representative of said at |
least one relatmnslup generated by said microprocessor means. .
The scanner may comprises a confocal scanner, for examp]e Preferably, .
the scanner compnscs a capablhty for provxdmg color data as well as gcometnca] |
data of a surface. T yplcally, the output means compnses a visual and/or aud1o‘ o
dlsplay means. The Microprocessor means js adapted for operatxon accordmo to

the method of the mvcnnon

BRIEF DESCRIPTION OF THE DRAWINGS -

In order to understand the invention and to. see how: it may be carried out in
practice, a preferred embodunent w111 now be described, by way of non-hrmtmg
example only, W1th reference to the accompanymg drawmgs, in wmch

Flg 1 is a block dlagram Jllustratmg steps of a method accordmg to the ;
first aspect of the mventzon ‘

" 01539618\3-03
-12-
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Fig: 2 is a block diagram illustrating elements of a system according to the
) presept invention. . ' -
Fig. 3 1llustrates a numerxca] entity of the mtraoral cavxty obtamed w1th the
system -of Fig. 2. _ . . ‘
Fig. 4 illustrates a vutual crown prosthesis with respect to a v1rl:ual
preparation area. - '

.Fig. 5 illustrates d;menswna.l parameters assomated with the crown of Fig. |

'Fig. 6 illustrates the insertion path. for a crown prosthesis with respect to a
 preparation. | | | S
Fig. 7 illustrates the insertion path for another crown prosthesis with
respect to a'preparation, constrained to follow the insertion patb. defined by the .
internal surface of the prosthe51s | o
Fig. 8 ﬂlustrates the insertion path for the prosthesxs of F1g 7 with respect
toa preparatlon constrained to follow the insertion path defined by the external -
' surface of the prosthcs:s | - ' | o
Fig. 9 111ustrates an auxiliary prosthesis for use Wlth the preparauon stump -
‘ havmg an undercut.. '
- Fig. 10 iljustrates a bndge prosthes1s havmg a sultable the msertlon path :
thh rcspect to a preparation. ‘
an 11 xllustrates a bndge prosthes1s havmg a non-suxtable msertxon path -
for with resPect toa preparauon : '
Fig. 12 is a block d;agxam lllustratmg steps of'a method according to the

" second aspect of the mventlon

01539618\3-03
-13-
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DETAILED DESCRIPTION OF THE INVENTION
- Fig. 1 illustrates a method 10 for providing feedback data useful in at least |
one pxosthodootic procedure associated with the ’intra oral cavity, in accordance -
" ‘with a first aspect of the invention. The method comprises the following basic |
steps: , - . o
Step 11: provxdmg at Ieast one numerical entity representatxvc of the three-
dimensional sirface geometry of at least part of the intra-oral cavity from which .
dental material has been removcd -
- Step 12: mampulatmg said ennty to prov1de desired data of a type useful in
at least a first said procedure ' '
Step 13: determining at least one re]atlonstup between said desm:d data
and said first proccdurc ‘
Step 14 generatmg feedback data’ represematlve of sald at -least one

relationship.

"Ihus in the first aspect of the invention, fhe feedback data is essentlally
" used to facilitate the performance of a prosthodontic procedure with respect to
the mtraoral cavity, o ,
Preferably, steps 11 to 14 are carried out in a relatlvely short space ‘of tlme‘
| more preferably in real time or close thereto. '
For all embodiments, the first step 11 of the method accordmg to the
-' present -invention relates to proyldmg at least one nume_ncal entity that is
representative of the ttuee-dini.eneioﬁal surface. The said numerical entity is
typically at least "three-dimensional”, that is,“each data >point‘ of the data set
com.pr.iseS‘ at least three prime 1 independeht variables relating to- spatial |
co‘ordinates; ofa Sl&face, typically defined along 'orthogonal Cartesian axes, X,'y, |
z. Altemativeiy, these variables may be defined along ‘poler axes or any other |
geomjeti'ic.syStem in which a surface 'may.b'e‘ described. 'I'hﬁé,‘the nun‘lex}'ical

cntity ‘typically comprises a data set having a plurality of at least 3-dimensional

0153961813-03
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Recek:l.ved: 11/25/04 9:02; @72 3 7109310 -> Nath and Associates PLLC; Page 14

REINHOLD COHN 972 3 7109310 11/25 '04 15:40 NO.222 14/36

-12 -
arrays — (x, y, z), wherein each array represents the x, Yy, z, geometrical

coordinates.

Any suitable means may be used to providé the numerical entity.’ Fig. 2
_illustrates the main elements of the systemm 50 .according to the present inventjon,
- comprising a suitable scanner 31, a microproce‘_ssor or compﬁter 52, and a display
- means 54. According to the invention, digitised wthrec-'dimensiona‘.l 3D)
mforma’uon W (Fig. 3) of the patient's intra-oral cavity, or part thereof, is created
by the system 50 using scanner 31. Preferably, the 3D digitized data of the
intraoral cavity is obtained, mcludmg the dentition and associated anatomlcal
: : structures of a pahent The scanning means 31 may mcludc for example a hand-_
, held scanner that is used by the practitioner or other user to acquire the 3D data.
- Advaﬁtagéou$ly, a probe fof det‘ermining three dimensional structure by confoéal-
" focusing of an array of light beams may be used, for example as manufactured '
* under the name of PROSTHOCAD or as disclosed in WO 00/08415, the contents
'. of which are mcorporated herein in thelr cnt:rety
- The system 50 is typically located at a dental clinic, and may be lmked to'
one or more service centers 23 and/or dental labs 26, via a comrounication means
or netwbrk such as for example the Internet or'ot‘her sui.table‘ communications
medium such as an intranet, local a'ccess‘ network, public switched felephon’e
networlc; cé,ble network, satellite ‘cbmmﬁ_n‘ication‘ system, and the like, indicated
by the cloud at 24. Optionally, it is also possible for some dental Jabs 26.to be
liriked td_ each othei', via the same one or a different one of said communication -
_ 'm.ediuni, for example when such denta) clinics or labs form part o.f a common -
commercial entity. Further optionally, such interlinked dental labs 26 may be
| further linked with other entities, for 'cxarr‘lple a head c.li.nic or head lab,
"compnsmg a centralized data base (not shown) |
Typically, the design and manufacture of dental apphanccs for use in the
. intraoral cavity may be eventually carried out at the dcntal lab 26 or at the service

centre 23, or alternativgly one or both of these activities may be shared between

01539618\3-03
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the two; in. each case the design and manufacture are preferably based on the
original 3D data of the oral cavity prevxously obtained. Thus, exchange of data
between the system 50 and the dental lab 26 and/or service center 23 may be
useful jn creating an optimal geometry for a prep}aration be.ingimade m the . -
intracral cavity that enables the best prosthesis to be designed therefor, for.
~ example. | | | , " | o
The. dental lab 26 typica].]:y comprises” a lab'o‘r_atory,' or a design or
. manufacturing entity that may provide direct technical seryices to the dental -
clinic i in wluch the system 50 is:located. Such, services may include, for example,
scanping, manufacturmg, analyﬂng the preparation in the intra oral cavity to
* mark the . location of the finish line, for example, as disclosed in ‘USSN.
10/623,707 and WO 04/008981, also assigned to the present assignee, and the -
A conténts of which are incorporated herein in their entiféty, and so on. The dental
lab 26 is typically characterized as being equipped or ovthciwise‘able to design |
part or whole prostheses, and/or to partially manufactﬁre or assemble the same,
- partjcularly where close tolerances are relatively less cﬁtical On the other hand,
while the service center 23 is also equ1pped to design part or whole prostheses
and/or to fully or partially manufacture and/or assemble the same, it is
. partzcularly suited to do any of these actlvmes where close or tight tolerances.are.
in fact critical and/or difficult to achieve. | ” |
 While the service centre 23 and dental labs 26- may be located in 2 .
different g{quraphwalr 20ne to the dental clinic, for example, different coun.tnes,
’differmt-bities in :thc same country, different héighborhobds m the same city, or -
‘even diffcrent buildings in the same neighborhood, they may. alsd Be housed in
the same bu11d1ng, and in any case mamtam thelr separate functions and
| capabilities, as described herein.. ’

The system 50 may also be linked to one or more consultation centers 27,
also via network 24, wherein such consuitation centers 27 may comprise dental
experts, for example, that may provide feedback data to the user of system 50
based on data n*ansmltted therefrom to the centers 27, according to the invention.

01539618\3-03 .
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- According to the present iﬂ_vention, step 11 is carried out after a materjal
removal operation has been applied to a part of the intra oral cavity. Such a .‘
material removal operatio'nv may be executed using any suitabl.e machining tool
that js. adépted for material removal, and may include inter alia mechanical tools

" such as drills for example, laser tools such as for example laser drills or cuttefé
ultrasonic too]s such as for example ultrasomc cutters, and 50 on. Alterpatively or
additionally, the material removal operauon may compnse a-loss of dental

' material, occumng, for examplc, via dlscase, mechanical forces such as a blow to
}the teeth for example and $o0 on. - ‘

Such a material removal operation may be dlrected for the purpose.of, or . - -

may require, ‘prosthodontic procedures, and may include the construction of a
'denta.l preparation at a dental site, so as to receive a prosthesas such as a crown '
A'for example or for prov1d1ng a dental filling or restoration thereat. 4
Altematxvely, the 3D digitized data may be. obtamed in any other suitable - .
manner, mcludmo other suitable intra oral scanmng techniques, based on optxcal
.methods, direct contact or any other means, applied dlrectly to the: patient's -
dentjtion. Alternatively, X-ray based, CT based, MRI based, or any other type of |

} scanning of the patient's intra-oral cavity may be used. The dimensional data ‘m’ay |
be assocxatcd with a complete dcntmon, or of a part;al dentltlon, for example

‘suchasa preparation only of the intra oral cavity. _ |
Typlcally, the 3D digitized data is obtained m. a manner sucli that 'énables :
the data to.be: ‘procured from the pauent and analysed according to the mvcntlon'
‘ durmg a regular visit of a panent to a practitioner. ‘
Thus, advantageously, -such a scanner 31 makes use of ¢onfocal imaging -
' for providing an accurate three-dimensional representation of the target surface =
. w1thm the intra-oral cavity. | |
Optionally, the pumerical entxty may further comprise a fourth prime |
: independent van-able, relatmg to a color parameter that 1s expressed numerically

and is associated with the spatial coordinates. The color parameter may itself be

01539618303
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comprised of independent prime color vari ables ~ for example relating to the red,
blue and green (RGB) components associated with the color. parameter
vAltematwely, the color parameter may be expressed in terms of the Hue,
Saturation and Intensity (HIS). Alternatively, any other color para.meter may be i
used, including 'perameters that provide a measure of intemal reflectance and
translucency, or any other optlcal property of teeth. Thus, sucha nurnencal cntrcy’ :
typ1ca]ly comprises a data set havmg a plurality of 4-dimensional arrays — (x, 'y,
z, c), wherein each array represents the X, y, z, geometnca.l coor‘dmates, and
‘wherein-c represents the cofor value, of a point on a surface within the intra-ora
cavify; Any suitélblel means may be used to provide this numerical entity. For =
example, a ‘t‘hree-dim,ens'ional‘ surface scanner with color capabiliﬁ.es-,may ‘be
used.- Thus, advﬁntageously, such a scanner makes use of ‘confc}cel imaging for
previding an accurate three-dimensional representation of the target su;faee o
- within. the intra-oral cavity. Color values may.the'rx added to each data poiat of
. this data set by obtaining a two-d'imensionall color image of the téi'get surface,
and then meppi_ng the color values of the two-dimensional imege onto the three- -
dimensional "image", for example as described in :co-pending' apph'cations =
ass:gned to the present ass1gnee USSN 60/580 ,109, entitled "METHOD FOR'_ |
PROVIDING DATA ASSOCIATED WITH THE INTRAORAL CAVITY",
‘apd USSN 60/580,108, entitled "METHOD AND APPARATUS FOR
'COLOR IMAGING A THREE-DIMENSIONAL STRUCTURE". These

. reférences are incorporated herem in'their'.entiret‘y by reference thereto. - -

Whale only a limited' number of embodxments of the present invention
accordmg to a first aspect are now described hereinbelow, it may be. apprec1ated
that the method of the invention may be used fqr a very wnde variety of -
applications in which’ feedback data may be- obtained for'ﬁse in procedures
associated with the oral cavity. '

There are a'number of cxemplary procedures for which the method 10 is-of

-pamculax ut111ty [n one such example, the procedure relates to the provxs;on of a

" 01539618\3-03
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- prosthesis, such as a crown or bridge, for example, and ihlays, such as caps, for . -
example, and any other artificial partial or complete deniure. In each‘case,- an
aréa in the intra oral cavity needs to be prepared for receiving the crown, bri dge
and s0 on. In the case of crown prostheSJS, one tooth site needs to be prcparcd
‘while for a bridge prosthesis, two preparatlons need to-be created, one at each of

" the abutment teeth for anchoring the bndge Inlays require a dlfferent type of

’. preparation at the tooth site. -

Réferring to Fig. 4, a vn'tual reprcscntatlon of such a crown, oenerallyi
designated 100; has an internal surface 120 and lower edge 130 that needs to be
very. precwely defined and manufactured to match the preparation 80 and finish
line 84, respectively, in the intraoral cavny 200 of a patnent If the crown 100 is .

'. to comprlse a coping 160, the said internal surface 120 is that of the coping 160.

Thc crown 100, which may be formed from a plurality of Jayers, preferably
necds to have a natural Jooking ap_pearan,c_e. Further, the d,lmensmns of the crown .
100, in particular the definition of the external surface 140 depends on external
factors and needs to be such as'to enable the crown 100 to fit between the

“adjacent teeth A' B. and to provide proper occlusion with-the teeth: D of the
facing jaw (Fig. 3). | o '

‘At the .very least, the external surface 140 of the crown is such as to -
provide certain critical linear dimensions that comply with at least one of the .

| target width 6r fa‘rget height of a site or Jocation on the jaw on which the crown is

* to be fitted. The target width may include the mesiodistal size of a tt;oth that is
being r,epléced by the crown 100, and may be’ defined such as to‘provid‘e
adequate clearance between the crown 100 and adjacent teeth A, B; when the. -
crown 106 is fixed onto the corresponding preparation in the ‘in.trac)ral cavity. The

'target height" of the crown 100 may be defined such as td.prc;vide adeqliéte .
occlusion with the "working side" of the tbbth and avoiding interfering contact
between the crown and teeth of the opposite jaw when the crown is fixed onto the

correspondmg preparatxon 80 in the mtraoral cavity.

- 01539618\3-03 .
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An outer shape for the external surface 140 may be-chosen in a h.urnbcr of
ways. For:eXample,Aif the original tooth that the crown 100 is replacing is still -
available, and the outer surface thereof is of a reasonable form, this or.iginai tooth

‘may be scanned and the 3D data of the surfa;e'obtainéd. If necessary, this k1) |

- data 'may. be considered as a starting poih.t, and the final shape of the external -
surface 140 is obtained by ménipulatin.g this data as requifed by the technician or
other user that is desigxiing the surface 140. Alternatively, if the patient has a

. reasopably healthy tooth on the same jaw but on the adjacent quadrant at a -
- position corresponding to where the crown is to be fitted; the 3D data of the
‘surface of this tooth is obtained. Optionally, this tooth may be scanned as

deécxibed herein 'to obtain the 3D spatial coqrdiﬁates thereof, Lmless this data may -
already be ‘available from the 3D data of the oral cavity 200 stored in the
précessor 52. Typically, such 3D-data would need to be transformed to provide a

. - ‘latera) inversion of the coordinates, suitable for a prosthesis in the other half of .
the jav&. Alternatively, a suitable profile for surface 140 may be chosen and

- obtained from a Jibrary 35 that comprises the 3D spatial profiles of shapes or -
proﬁ.les of the outer surfaces of a plurality of crowns and teeth. If necessary the
relative size and shape of the surface 140 may be adjusted by the user to better

match thé.'other teeth in the jaw. Then, the chosen surfACe is adjusted in any

suitable manner, either manually, automaticélly, interactively or inany other .-

_manner, in order that the required target dimensions of surface 140 will fit within .

a control volume that defines the maximum dimensions of the crown' 100, as < -

- required to conform to the s'r}ace available in the intra oral cévity, 200. . In
particular, the control volume may be chosen such-as to provide adequate
clearance. between the crown and adjacept teeth, and adequate occlusion with. the

. opposite teeth; when the crown 100 is properly fixed onto the preparation. |

7 The processor 52 also has suitable software to define the inner surface 120
‘according to predetermined parameters. These parameters take into account the - -
geometries of the external surface of the preparation .80<includin.g ﬁmsh line 84, -

the spacing required between the coping (if one is to be used with the ¢rown) or -
01539618\3-03
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~ the internal surface of the crown (if no coping is used) and the preparaﬁon to
accommodate the adhesive or cement that is used to provide. the bond between -
the two. The processor 52 may also' comprise suitable software to provide the
-external shape of such a copio.g 160, and thus provide a complete geometrical
: fepresentaﬁon or 3D data of the coping 16_0,'digitally. The external surface of the
coping 160 may be deﬁn_ed in‘ any number of ways. Typically, at Jeast a majority . 4.
'of the external surface of the stump 82 is displaced from the internal surface’
. thereof by a uniform amount to provide an ‘appro'xim'ately constant thiclcrg.ess
throughout. However, the thickness of the coping 160 may vary for a number of
~ reasons. For example, it may be necessary in some cases. to provide a coping that .
‘is stronger in some parts than in others, reflecting the activity that the crown 100
will be expected to engage in — as a molar, incisor, canine and S0 on.
» The design of the external surface 140 and the interal surface 120 may be
executed'by the proeess'or 52 at the dental cvlinic, or alternatively at the service .
.center 23, or 4t the dental lab 26. If at the latter, and if use is made of a Jjbrary of
- 3D spatial pfoﬁles of shapes or profiles of the outer surfaces of a plurality of -
’crown,s and teeth, then the dental lab 26 can make'use of library of fhe ‘service
centre 23, via communications network 24. Similarl};, 'f the design is carﬁed out |
at the dental clinic, the processor 52 may also make use of the library of the -
service centre 23 via communications network 24. Altematlvely the system 50‘v
‘may have its own digital library 35 of 3D spatial profiles of: shapes or proﬁles of |
the outer surfaces of a plurality of crowns and teeth operatwely connected to a
: processor 52 or other computer as illustrated in Fig. 2, which comprises d1sp1ay '

54 and user interface 59 such as a mouse and/or keyboard.

Referring to Fig. 4, in a first embodiment of the invention, the meth‘od 10
is adapted for providing feedback data. regarding the definition of the finish line
84. In particular, it is desired to receive such feedback data referring to the

.~ quality and cleamness of the finish line 84, and optjonally including the shoulder
85. Thus, having scanned the intraoral covity 200, in particular the target zone

01539617.8\3-03
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including the preparation 80, finish line 84 and shoulder 85, the processor 52
then manip’iﬂates the resulting numeric:il entity W to identify the finish line 84.
This may be done using any suitable algorithm. For this purpose, it may be
: advantageous for the entity W to also include color combonents for oach surface
- . point defined therein. The differentiation of dental surfaoe color between the hard
tissues and the soft tissues may be helpful in automatically defining the finish
A'line, asAde'scribod in. the aforesaid co-pending application entitled "METHOD - .
' FOR PROVIDING DATA ASSOCIATED WITH THE INTRAORAL -
CAVITY". Generallj, the shoulder type (e.g., porcelain shoulder, metal collar -
and so on) should match and be suitable for the prosthesis it is desired to implant
at the dental site. | . S
. The geometry of the finish line 84 and optionally shoulder 85 may then be i
analysed by the processor 52 according toupredEtermj.n.ed rules, to establish the
~ relationship between the virtual finish line thus identified, and the ﬁinction which
the fipish line 84 and optionally shoulder 85 is to play in the mounting of the - = -
prosthesis to the preparatlon Such rules may compnse for example one or more
| of the following:- -
the finish line is continuous about thé full periphery of the preparation; |
the thickness of the shoulder 85 i.e., the radial dimension between the
edge of the finish line 84 and the preparatlon 80, lies within a. predetermmed |
range; '
’ ~ the th)ckness of -the shoulder 85 is substantially uniform along tbe
 periphery thereof; . | o |
- there are no abrupt changes in slope of the finish line 84 along the
periphery thereof; ' o
The type of prosthesis to be lmp]anted
It may then be established by the processor 52 whethcr the finish line 84
and/or shoulder 85 comply with such rules, and can then provide feedback data
to the user. Such ‘fcedback data may take many. different forms. For example, in

the positive, i.e., that the finish line, for éxample, is adequate, the processor 52

) 01539618\3-03
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may be ‘adaptéd tolranémif a signal via display 54. Such a signal may Bc apn audio
or visua) sngnal such as for example the sound of a bell 51 of a pamcular :
frequency or a colored hght source 53 such as a green light, ‘which may light up ‘
3 and remain }lt or may blink, or the SIgnal may. be more complex, such as for
_example a message on a screen stating that the finish ]me is suitable. -
In the negative, i.c., in cases where the finish line is not suitable accordlng
' 1o the aforesaid rules, for example, the feed back data may comprise indications
| to the user as to where to modify the finish line 84 or shoulder 85 to achieve
better results. In this context, an image of the numerical entity may be displayed -
in the display 54, with the finish line 84 and optxonally also the shoulder 85
hlghhghted thereon. Then the zones of the finish lipe that requms ﬁlrthcr work
may be comrasted with respect to the fi nish line 84 and/or the shoulder 85, for
~ example by coloring such zones in a dr.fferent color to the rest of the image.
Optionally, .zones may be_Clered differently accofding.to the type.of work
required. For exmnple,\zones deficient with respect _to. rule (a) above may be
colored in red, while those deﬁ;ient with respect to rule (b) are colored in blue, |
and 50 on. | | |
 Thus, suggested’ changes to the ﬁmsh hne may be d15played on a two-
fdnncnsmnal representation of said dental prepatanon. via display 54 wherem :

said new ﬁmsh line geometry may be superimposed over said representauon

B Modification of the finish line 84 and/or shoulder 85 typically re:quir'cs a -
material remdving operation' and after doing so, the intra oral cévify 200 ma.ny be I'
re- scanned to provide a second numerical entity. The second numerical entity, in

' partwular the portions thereof rclatmg to the finish line 84 or shoulder 85, may
then be analysed as before to determine whether the finish line 84 or shoulder 85
are acceptable accordmg to the predetermmed rules, and without reference to the |

.original entity w. Alternatively, the second numerical entity may be compared

with the origiha_l entity W, and ahy deyiatidns between. the two entities may be

01539618\3-03
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highlighted in display‘ 54 in order to facilitate the next cycle of modification to
the finish line. ' o
Alternatively, the processor 52 may si’mpl} diéplay the numerical entity v
and the highlighted ﬁmsh line 84 and/or shoulder 85 on dlsplay 54, and this may
at times' represent sufficient fecdback data for enabling the user to inspect the -

' image thus ereated and to determine in a subjective manner whether the finish
line and/or the shoulder are suitable or not. In all cases, the processor 52 is
suitably programmed to enable the numerical entitjes to be viewed at any suitable
angle and /of-magnification. -

Option,al.ly,' the pumerical entity W may be transmitted to one or more
remote Jocations, such as for example a service center of dental lab 26, to be -
analyscd there by a computer ('n‘ot shoWn), or by a skilled technician or another
user. The computer or skilled technician at the dental lab 26 may then

© communicate the results of the amalysis :to the ori'ginal. user via yth.e_

e cothu:r._lication network 24, or a different coxﬁr,nmxicatidﬁ netwo_fk, for examplé ‘
- via cellular phone. These results may be in the form of numerical information - - -

that may be displayed, for example, or verbal instructions on how to proceed.

_ In a second embodiment of the in;\éention, the ‘method 10-is adaptéd, for
providing'feedbéck data reg_ardix_lg the suitability of the preparation to accept a
prdsihesis of a predetermined type. Altémativcly, the method 10 according to this
embodimérit 'is‘adapted for providing- feed back dafa -regarding the type of .
‘ p)‘OStheSlS that may be suitable for use with the preparatlon 80. In pamcular it is
desired to receive such' feedback data referring to at least one prede'termmed
.dimension, such as for example a characteristic thickoess of a prosthesis with
respect to the geometry of the preparation and the adjacent feeth AandB. |
Thus, havmg scanned the intraoral cavity 200, in particular the target zone
 including the preparat:on 80 and adjacent teeth A and B, as described above,
mutatis -mutandis, the pl;ocessor 52 then mampulatgs the. resulting numerical

* entity W to identify the external surface 125 of the stump 82 of preparation 80 -

" 01539618\3-03
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(Fig. 4). This may be done, for example, by first identifying the finish line and
shoulder, for example as described above, and then.i;olatin.g the coping surface
enclosed by the perimeter defined by the finish line and/or ‘shoulder. "I‘hen, an.
| extemél,crown surface 140 is chosen or designed for the crown, such as to ﬁt
~ properly in the space between the adjacent teeth A,'B,,as described hereinbefore.
Tﬁcn the rélationship between the external surface 125 (which is typically closely
correlated to the mtemal surface 120 of the crown '100) or of the internal surface.
120, and the external surface 140 may then be analysed by the processor 52 . .
accordmg to predetermined rules. This serves to establish the relationship
between the thickness (referred to coliectively herein as t) of the walls of crown
100, and the material from which the real crown (based on such a virtual crown
IQO) is to ‘be produced as-a function of the external surface 140 of the stump.
Typicaliy; such a relationship is dependent on the material from which the real )
crown is to be made. Referring to Fig. 5, such rules may compnse for example
one or more of the followmo - 4 , |
. ~ the occlusal- gmowal thickness t betwécﬂ the apéx 121 of the oﬁter surface
125 (or of the inner surface 120) and the apex 141 of the crown 100;
. the mes:al distal thicknesses ta, ta, between the outer surface 125 (or of the
. inner surface 120) and the extemal surface 140 of the crown, 100 at various
f occlusal-gmg;va] distances;
the labial- lingual thickness. t;, ts, between the outer surface 125 (or of the .
inner surface 120) and the extcmal surfacc 140 of thc crown 100 ‘at various .
occlusal-gmgwa] distances. The smtablhty of the stump 82 itself may also be
analysed by suitable rules, to determine, for example, if ‘it has sufficient
o mechanical strength to éupport' the crown or other prosthesis thereon. -Fof X
example, the volume of the stump- and/or otber critical thicknesses thereof r‘n:ay
~ be determined by the‘ processor 52. In another example, the stump may be
analysed to determine whether here are any -discontinuities or undercuts that
would provide insertion path problems, and these. may be highlighted and
brought to the attenuon of the user.

01539618\3-03
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It may then be established by the processoi 52 whether the geometry of the |
stump 82 complies with such rules and can then provide suitable feedback data
to the user. Such feedback data may take many dlfferent forms. For example in"
the posmve, i€, that the stump 82 is adequate the processor may be adapted to
send a corresponding sxgnal to display 54. Such a s1gna1 may be an audio or
vnsual sxgnal such as for example the-sound of a bell of a particular frequency « or
a colored light such as a green light, which may light up and. remain ht, or may" L

" blink, or the signal may be more complex, such’ as a message on 3 screen statmg o
that the ﬁmsh line is suitable. Of course such a 51gnal should be different from e
}‘  that provided with respect to the first ernbodxment descnbed above when both ,
© are avallable to the user. ‘
In the negative, i.e., in cases where the stump 82 is not su1table accordmg .
to the aforesaid rules, for example, the feed back data may comprise mdu:zaltlons~ |
to the user as follows:- : _
. To advise the user as to where to modify the stump 82 to achxeve bcttcr.
results: In this context, an image of the numencal entity W may be d1splayed in "
the display 54, with the stump bighlighted theréon. Then, the zones of the stump

- that require further work may be contrasted with respect to the stump 82, for
example by coloring such zones in a different color. Optionally, zones may be, o
colored d1ffcrent1y accordmg to the type of work required. For cxample zones -
def' cient’ with respect to rule (a) above may be colored in red, whjlc those_
defi cmnt w1tb respect to rule (b) are colored in blue and so on.

To adv:sc the user that the stump 82 as 1s, provides a crown thickness that }
' is too ~thlck, and that thcreforc a ﬁlmg composxtlon needs to be added at least- to-

some port;ons of the stump The display 54 can then show where to add the
| composition, and when this is done, the mtra oral cavity 200 may be rescanned to
determme haw and where to modify the stump. Alternatwely, if the stump 84 is -
totally unsuitable the processor 52 provides a suitable signal to be dlsplayed by
display 54, and it may be necessary to rcplace the stump 84 with a pivot, core or
‘ post
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To adyi.se the user that although' the stump is un;uitab];e for use with a"
prosthesis made from one material (pre-defined), it may be suitable if the stump |
is ﬁ),ade from a different m.aten'al. Eor exampl.e, a stump made from PFM

- (Porcelaim Fuéed Metal) can be thinner than a w_hble ceramic crown. Th'crefore,v
if a PFM crown was originally decided upon, it may be advisable to switch'to a
whole ceramic croii/n, and the processor 52 can determine whether the stump‘82
would be suitable for such a crown. o , | o

Mod1ﬁcatlon of the stump 82 typica]ly requires a material removmg .
operation, and after doing so, the intra oral cavity may be re-scanned to provide a -
Qsecbnd numerical entity. The sgcond numerical entity, in particular the portioﬁs
thereof relating to the stump 82, may then be analysed as before to determine -
whether the geometry | of the stump 82 is acceptable according to the

‘ vprcdetermine;d rules, and without reference to the original entity. Altemla'tively.,
| such a second numerical entity may be compared with the omgmal entity, and :
B any deviations between the two_may be highlighted in display 54 in order to
facilitate the next cycle of modification to ‘the stuip 82. -
Altematwely, the processor 52 may simply dlsplay the numerlca.l entlty
and the highlighted stump 82 on dl,splay 54, and this may at times represent
sufficient feédbéck f‘;)'r enabling the user to inspect the image thus created-and to
determme ina subjectlve manner whether the stump 82 is suitable or not.
Optionally, the numencal entity may be transmxtted to a remote locatlon‘
“such as for example a dental lab 26, to be-analysed there by a computer (not -
shown); or by a skilled technician or another user. The computer or skilled |
. technician may then communicate thé results of the analysis to the driginal ﬁsef
~via the commumca’uon network 24 to prowde feedback data to the original user

regardmg the stump 82.

In a third embodiment, the method 10-is adapted for provxdmg the user

thh feed back data regardmo the insertion path with respect to a preparatlon or -
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preparations that is/are being created at a dental site for receiving a prosthesis
such as a crown or bridge. ‘ , '
Taking the relatively simpler case‘ of a crown first, the method 10
comprises the first step of providing a humerical entity of the intraoral cavity,
| incl.uding in particular the part of the cavity comprising the preparation.
Optionally, and preferably, the numerical entity also comprises 3D data of the -
) teeth A B adjaéent to the preparation 80. The 3D numerical entity may be
‘provided in a similar manner to that described herein, mutatis mﬁian'dis '
' ,, In the next step, it is desired to determme whether the preparanon is -
suitable to receive a crown. prosthes1s One aspect of such a determination is to
advise the user whether the prcparatlon 80 provides an adcquate insertion path
for the crown. In this connection, the processor 52 fj rst 1dennﬁes from the entﬁy .
W the external” surface 125 corresponding to the part of the preparatlon onto
| ~ which the crown is to be mounted (Fig. '4), and smtablc algorithms for this
. pm:pos_e‘may be created, possibly as described above for the second embodiment, -
| © mutatis mutandis. Then, a virtual model 100-of the crown ié either created,by tﬁe‘
proéessor 52, or input thereto By the user or a third party such as 'Ser\?ice center 6r -
dental clinic 26, for example Alternatively, this process may be commenced -
with a virtual mode] of the coping 160. The crown model 100 must be sized such
as to fit between the adjacent tee’ch A, B, and thus be in abutting contact
| therewith when properly mounted onto the preparation 80. The crown model 100 _
may be a full 3D model, comprising an external 3D surface, or may simply =
cbmprise key dimensional paiam.ctérs,,such as for example the mesiodistal width
‘of the tooth between the adjacent teeth' A, B. The crown model 100 also
comprises a full 3D represen.tétion of the internal 3D surface 125, which is -
typically substantially complementary to the external surface 120 of the - :
preparation, optionally taking into account an adhcswe layer thxckncss that is to
be. mtroduced betwcen the preparation and the said mternal surface. The
‘ processpr 52 then' calculate;s the insertion path for the internal surface 120. of the
virtual crown 100, and then checks’ whether this path: is also ‘suitablc,pfo.r the
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external surface 140 of the virtual crown 100. Alternatively, the processor 52
calculates the insertion path for the external surface 140 of the virtual crown 100,
and then checks whether this path is also suitable for the interna) surface 120 of -
the virtual crown 100. Jdeally, ﬁe insertion. path of the virtual crown 100 as a
»mmmwMMMMWMMMMWWmMWMWMWWWmm
j 'preparatlon without colliding with or unduly mterfenng with other dental
surfaces at or in the vicinity of the preparation.

For example, referring to Fig. 6, the geometry of. the preparation - 82
approximates a right frustro-conical cone, and the central axis 101 thercof is
more or less perpendicular to the occlusal plane OP. In this ‘example, the
ins‘ertion'paﬂi IP, of the internal surface constrm'ns the external surface 140 to
path IP;, which enables the external surface of the v1.rtua1 crown 100 to be guided
to the mounted position on the preparatlon without mterfermg or colliding with
other parts of the dentition. In-the Example illustrated in Fig. 7, the geometry of
the preparation is approximately that of a sl.an.ti‘ng fmstro~(:onvex cone, wherein
the central axis 101 thereof is at a minimum angle o to the occlusal plane. In this

'~ example, the insertion path IPy' of the iriternal surface coﬁstraihs the external
Surface to path IP,', which would result in the external surface 140 of the vm:ual |
~crown 100 colliding with adjacent tooth B, and it would be 1mposs1ble o fit a
- real crown correspondmg to the virtual crown 100 with such a preparation -
geometry. Similarly, in the example illustrated in Fig. 8, the insertion path IP,"
- of the ext'efnal sﬁrfacc constrains the internal surface to path IP‘l"', which would ~
result in an undercut part 105 of the virtual crown 100 colliding, with the stluﬁp |
82, and it would be impossible to fit a real crown corresponding to the virtual -
" .crown 100 with such a preparation Geometry T ’
Optionally, and pamcu]arly when the geometry of the preparanon is
similar to that shown in F1g 8, another type of plan may be considered in place -
. of or in conjunction with a material removal plan. Having a slanting frusto-
“conical proﬁle for the'prepafation typically requires material to be rernoved until '
a substantial part of the overhanging portion 88 of the stump 82 is removed. Such
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a procedure may result in over-weakening of the stump 82. Instead, and
‘according to the invention, it is possible to create an internal surface of the virtual
crown 100 that js not fully correlated to the external surface 125 of the stump 82,
but onl.y.partially‘ correlated thereto, along areas thereof that are non-overlapping

. in the direction of the insertion path, é.g., in which there is no undercuts:
However; regarding the oveﬂ.apping areas of the stun;ip 82, i.e., the part of the
stump overshadowed by the ovefhanging’ portion 88 in the direction of the
insertion path, it is instead possible to create a portion of the inteinal surface 120
of the crown 100 corresponding thereto that is designed not to interfere or n. any
.way cqllide'with"th.é overlapping areas of the stump 82 when the same is
: installed via the appropriate insertion path The overlapping aréas or zobes tefer . .
to pOrthIlS of the crown 100 which would need to be removed to prevent
colhsxon of the internal surface 120 of the crown 100 with the stump 82.
However, this would leave a substantial Acav1ty between the part of. the
preparation and the éorrespondin.g part of the internal surface of the crown. This

 cavity is preferably filled by manufacturing an éuxi’liary prosthesis 121 having .
the shape of this ca;zity, and then bonding the auxiliary .pros.thesis to the stump :
82, as illustrated in F ig. 9. Alternatively, suitable cement or filler material may be

_ bonded to the overlapping areas, and these areas ‘then subjected fo a material ;
removal operatxon to provxde the desued result. Particularly in such a case, but
also for the prewous case in which an auxiliary prosthesis for the cavity is
bonded in place the modified stump may be scanned to check the new geometry
of the modified preparation. '

| The msemon paths for. prostheses are preferably substantially rectlhnear'
to ease the user's task in duphcatmo the path when maneuvering the real crown :
onto the preparation. However, it is also possible. to calculate insertion paths in

- which there is one or more change in the direction thereof and/or in which the
crown (i.c., first the vutual crown, and then the real crown) can be rotated about :

one or more of three orthogonal axes.
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In sdme cases, thcfe may be a plurality of possible insertion paths for the
ibternal 'surféce or particularly for the external surface, and the processor 52 can
attempt to match such paths. '

' When more than one matching pair of mternal and extemal msernon patbs :
match, the various alternatives may be presented to the user by means of display
54, Additjonally or alternatively, the processor 52 fnay determine - which. .
matching pair is optimal, based on rules, or may present the different options in
ascending or. descending order of preference, according to any predetermined
criteria, such as for example fcquiring a nlinim.uin. n.urnbé; 6f direction or

rotational changes in the path. - |

Preferably, display 54 dxsplays an ‘image of the dental 51te 200, together . |
with the predlcted insertion path of the internal surface and that of the external
surface constramed thereby, or vice versa, and the processor 52 also prov1des the
necessary input to the d1sp1ay 54 to h1ghh,,ht any part of the adjacent teeth A,. B
and/or preparaﬁoﬁ. 80 that interfere with the particular insertion path. .
Altematively, or additionally, whén a situation such as thdse illustratéd in Figs.
"7, 8 arises, the processor 52 may generate a suitable warning signal, audio and/or
visual, warning the user that the insertion path foi' the current prepa:'atioﬁ

> geometry is not sultable and that remcdxal actjon. is required. |

In partlcular, the processor may be programmed to determine posSIble,
‘plans for removing addmona] denta] material from the preparation 80 to-enable a
suitable. insertion path to be provx.ded. This may be accomplished in a number of
ways. F dr example, .t‘he processor may. determine a particular suitable péth for the

external surface 140 of the virtua) crown 100, for example the simplest and most
direct path, and then identify the zones of thé; prép'aration which would ﬁeed to be’

-removed to prevent collision of the internal surface of the crown therewith,
Berein. referred to as the "overiappmg zones". However, since the interna) surface .
of the crown is a function. of the external gco@,ebry of the pf,eparation, this
procedure is preferably accomplished in a reiterative manner. That js, once the

processor 52 identifi ies the overlapping 7ones, and removes, in a virtual manner, a
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small part of the ovcrlappmg zone. The amount of rcmova] may be preset by the
" user, and any increment is possible. Prefcrably, such. an ‘amount may be
" correlated to the minimum removal of material that is normally possible in an
analogous real life siltuation. The processor 52 then adjusts the geomeﬁy of the
- internal 'surface of the virtua] crown 100 to take into éccoﬁnt the new preparation.
geometry, and examines the insertion path of the inner surface with respect to the '
pew preparation geometry. If there is still interference between the internal
surface and the preparation, more material is rembvéd in the virtual sense, the
geometry. of the internal surface 120 adjusted, and the new .internal surface
ingertion path re-examined for collision. Additional cycles may be performed
until the external surface 125 of the preparation. is suitably modified to be |
compatxble with the insertion path | o
| In some cases the result of such a virtual procedure may not be acceptable
for a real crown, for example too much material needs to be removed, and: this
wou]d provide a much weakened stump 82, according to pre—known rules .
Accordingly, the vu'tual procedure may bc repeated each time startxng'
| w1th a different insertion path. for the external surface 140, until a reasonable B
prcparat)on geometry is arrived at that is cornpatible with the external msemon
path and that is also reasonable according to such rules. '
Addmonally or alternatively, other vmual procedures for modifying thc
' gcomctry of the preparation' may be accomphshed For example such a |
procedure may involve a combmatlon of reducing the overhanging port:on, and
adding an auxiliary prosthesis 121 ‘
However it may be possnb]e, that, given the condition, of the preparation.
and the topolooy of the adjacent dental surfaces, no reasonable . modified .
preparation geometry can be found. Such an outcomc;s also feed back data that
is presented to the user. | | | " | .‘ | | .
Thus, the geometry of subh. a preparation is optionally, and preferably,
. analysed according to such rules, and a suitable Wmning provided to the user ‘

when. the geometry of preparatioh is inherently unsuitable. The warming niay be
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audio/ar,)‘d or visual, and ma'y. be simple, such as a bip or series of bips, ora
flashing light or lights, or may be_ coniplex for éxamp].e an audio or a visual
mcssage,' created by the processor 52, actually describing the reason for the .
;varnj.ng. For exzimple, such a warning could comprise an audio and/ot visual
message stating "'Wamin,g! The stump geometry is defective!". Where such
warnings -A are audio, the display 54 préferably' com.priseé optional ear phone or
headphones that enable thg ﬁser to hear the messége’, but not the patient, since:
such a message niay caﬁsc ‘unnecessary alarm. or anxiety to the patient. Such
| 'earphones or heédphoncs may be operatively connected to the processor 52 vié
suitable cables,’ or v_ié remote link such as an infrared transmitter/receiver system,
or may be i.ntegrated into. display 54, for example. A similaf an.ai,ysis and
warning, where necessary, may be provided at the beginning of the exercise, and
thus alert the user that the original Prepafati on is unsuitable, preferably 1istiné the -
reasons. In either case, wherc the present or vu'tua.lly modified preparatlon is
inherently unsuitable, the processor 52 may be programmed to provide
recommendatjons, such as to remove the pr_eparanon comp_letely, and to replace it
with a pivot core or post '-.
On the other hand, lf the processor 52 detemunes one or.more matenal
s removal plans for the preparatlon 80 which - theoretically yield a reasonable}
,preparation geometry compatxble w1th a possible insertion path the d1fferent
plans may be displayed to the user, who can the choose one plan. Preferably,
- each plan.comprises displaying the overlapping areas of the preparation that o
" require: to be modified, and the nature of the insertion, path that is required for
maneuvering the prosthesis mto place. Both factors need to be welghed by the -
user before deciding how to proceed The aforementwned overlappmg areas can
" be dxsplayed over an 1mage of the dentltlon (prov;dcd from the 3D enuty W) and -
preferably such an 1mage can be m.ampulated, for example on a screen, to enable
- :the user to fully study the plan. A o o
Once a preparatlon modxﬁcatlon plan is’ Chosen, the user can modify the

real preparation arca in the intraoral cavity as- closely as p0551b1e to ‘the
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‘ overlappiﬁg areas marked in the virtual model (3D numerical entity). At any
‘point in the matérial removal procedure, the user may re-scan the inﬁaoral cavity
“to check on the progress. For this purpose, the processor 52 may be further
p'rogramméd to effectively dverlay the new numerical enfity over the 4original
entity, in particuldr to.high_l'ight the differences in geometry between the arcas in-
which actual maferia]‘ removal hasIOCcurrcd and the overlapping areas which

were earmarked by the proccdurc for material removal. Further, the processor 52
may be further programmed to detect with respect to these entities where
material stjll needs to be removed, and where too much material has been

_ removed. This may be displayed in display 54 on an image of the intraoral

| cavity, and the ﬁnder»m.odiﬁed areas r’na'y»be displayed in one color, say gréen,

and then over 'modiﬁed areas may be“displaycd in a different color, say red.

- Preferably, should the presence of oi/ef-mo'diﬁed areas be detected, ie., areas :
‘where tdo much materjal has been removed, thé processor 52 recalculate_s the
 insertion path and advises. the user whether the ’origin!al. modiﬁcatioﬁ plan is still
"posvsible, or whether the excess ‘mater'ial removal requires a modification of the
“plan. Such a modification in the plan may be determined in a similar manner to

the original plan, as"described above, mittatis mutandis. Of couréc, it is also - .

_possible that the over modiﬁedl areas have now rendered -the -preparatioh‘
‘unsuitable accordmg to the aforemen‘uoned rules, and -the prcparatlon must be,
replaced with an artificial pivot, core or post. ‘ |

 The methodology described above for an insertion path has been described
with. respect to a crown that is directly bonded onto a prcparatlon, such as for
example a metallic crown. For other types of crowns (for e;cample céramic -
crowns) that require a coping, the m.eth.od(is modified to take -account of the -
coping geometry‘ Thus, the external ‘sm"face 125 of thevstump' is displa.cedf

~outwardly to create a virtual representatlon of a constant thickness coping. .
| Alternauvely, any other suitable means may be used to deﬁne the coping extemal

' surface. The internal surface 120 of the crown is then defined wlth respect to the
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external surface of the coping, and is typically compl,émen.tary thereto, oﬁtioﬁally'
taking into account a thin layer of adhesive, '
The above method may also be adapted for the purpose of prov1d1ng a

suitable msernon path for the coping itself, mutatis mutandis.

. The inethod ology described above for the insettion path ofa crown may be
~ used, mutatis mutandzs, for any devtal restoration or dental prosthesis. In the-case - "
ofa bndge in particular, preparations have to be created in the abutment teeth on-
either side of the missing tooth, and the geometries of both preparations peed to
be cdnsidcred'simultaneously in relation to the insertibn path of the bridge as a
_‘umt Thus, refernng to Fig. 10, the preparatlon geometries illustrated allow the -
. ‘bridge 150 to be mounted v1a an insertion path 151, while the preparatlon .
geometries illustrated in Fig. 11 do not provide a common insertion path for the
~ bridge 150'. Thus, in order for the insertion path'for the bridge 150 to be suitable,
‘the individual insertion paths for the two preparations must be parallcl and
‘moreover, such an msertxon path must be such as to avoid collision of the bndge |
with the adjacent tceth_ A’ and B'. In the ana1y51s and design of modlﬁcatlon
plans for such cases, the processor 52 may provide one or more plans for the
modification of one or both of the preparations, substantxa]ly as described above
for a crown, mutatis mutandzs While the cases illustrated in Fxgs 10 and 11
- relate to a 3-unit bndge the aforegomg relates, mutatzs mutandzs, toa multlple‘

~ unit bridge as well.

The Fig. 12 illustrates a method 10" for providing feedback data useful in

~ at Jeast one prosthodontic pfocedﬁré‘ associated with the intra oral cavity, in
. accofdance with a second aspéct of the invention Jn the second éspeét of the
invention, the method is concerned with ensuring that numerical entity W
hsufﬁcwntly defines the area of interest of the intraoral cavity. The method 10'

comprises the following basic steps:
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Step 11': providing at least one mnnerical entity representative of the three-
dimensional surface geometry of at least part of the intra-oral cavity from which
dental material has been removed.

Step 12': manipulating said entity to determine suff jciency of definition of

| said pumerical entity in step 11' with respect to a first said procedure, and
provldmg sufficiency data representative of said sufficiency.

- Step 13" dctermmmg at least one relationship between smd sufficiency
data and said first procedure.

Step 14': generating feedback data representative of said at least one

rel at10nsh1p

~ Preferably, steps 11' to 14' are carrled out in a relatzvely shoxt space of
 time, more preferably in real time or close thereto
~ For all embodiments, the ﬁrst step 11' of the: method according to the B
present mvent1on relates to providing at least one numerical entlty that is
representatlve of the three-dimensional surface, This step is carried m a sumlar o
manner to step 11 of Fig. 1, as descnbed above, mutatis mutandis.
‘ Thus in step 11', scanner. 32 of system 50 (Fig. 2) scans the area of interest
of the intraoral cavity and a numerical -entity correspondmg -to the surface
scanned is created by processor 52. and optxonally displayed by display 54. As
with the ﬁrst aspcct of the mventxon, the data from the scanner may be
transmitted toa dental clinic 23, service centre 26, or consultancy centre 27, inter . -
aha, for - creanon of the numencal entity, which. 1s then' txansrmtted to the

processor 52.

- Instep 12' the processor 52 (or mdeed another computer in the aforesa1d
dental chmc 23, service centre 26, or consultancy centre 27, inter alia) analyses

~ the pumerical entity to determine the sufﬁmency of definition, of the numencalA
entity. The numencal ent)ty may be obtained in a single scan, or altematlvely, the
pumerical entity is originally created by takmg multiple scans of the target area,

and stitching the numerical entjties thus obtained together. In any case, the
015396183-03 ‘
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~ processor 52 first checks whether the numencal entity lacks surface data in any
particular part thereof. Such a lack of data may be due to the user not passing tbc
scanner over the full zone to be scanned, for example, or by taking multiple scan
in wich there is insufficient overlap, for example.. ’
When multiple scan are employed, then, in step 11', the scanﬁer 31 may be
used. for bb‘taining high resolution. kn.um.erical sub-entities representative of the
surface topography Vwithjn the intra-oral cavity. Accordinély, different zones of |
‘ the;, intraoral cavity are sequentially scanned with‘ scanner 31 to. provide the
corresponding sub’ entities. Some of these zones typically partially overiap with
| ~all the other zpnes, while other zZones may only overlap With one or two other
zones, and thus theoretically the cbrr’esponding sub-entities should have a portion.
of their data identical to one another within the overlép zone. However; since the
- scanner itself moves in orientation ahd position from scan to scan,. the
coordinates relatlng to these overlap zones will usually vary between adjacent
""scans, even ‘though they relate to the same spatlal feature. Nevertheless, by .
1dent1fymg the overlap zone within the ent1t1es the spatlal relatlonshlp between-
the entities may be established, and the vanous entities stitched tovether or
combined to form a global numerical entity that comprises the full geometry and
color representation of the target zone. The largér the overlap zone, the greater )
the accuracy with which the different zones may be synchronized or stitched
together spatially. Where the sub entities include color data of the intraoral cavity
200, the actual stitching technique may applied 'tc‘r data points corresponding to . |
the hard tissues therein, which have a different -color to the' soft tissues such as
gums, for example as described in the aforesaid co-pend1n° application entitled
"METHOD FOR PROVIDING DATA ASSOCIATED WITH THD :
- INTRAORAL CAVITY" : .
. The zones that are scanned should preferably together fully span the target :
zone of interest, however it sometimes happens that a part of the target zone is
‘missed out, and thus after the stitching pr.oce'ciure is completed, the global

numerical entity thus formed still lacks surface data in some areas. According to
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the inventjon, such areas are identified in steps 12' and 13' by the proéessor 52

which determines that the density of data points in some parts of the entity is

below a predetermincd value, indicative of alack of data thcreat for example.
Addmonally or altematlvcly, havmg prowdcd to the processor 52 the type«

of procedure for whxch the numerical enut'y is requxred the processor can analyse

~ the numerical entity in a different manner to determme whether it is sufﬁcmntly

defined for this purpose. For- example, having found quantitatively there is
sufficient data, it js now necessary to determine if qualitatively the data is .
sufficient.- o ' ‘

For ex.ample, if the numerxcal entity is to be used in the context of a crown

prosthesis, for example as descnbed above for the first aspect of the mvcnuon. it

 is important for the finish live to be well defined. Sometimes, parts of the ﬁmsh 3

hne may be deﬁned ona denta] surface that is close to orthooona] with rc5pect to

" the occlusal plane If a confocal-type scanner is used at 3] for provxdm0 the

surface data for this part of finish line, it is poss;ble for the accuracy of definition

" of the finish Jine to be diminished the closer to parallel the output face of the ..
-+ scanner js with respect to the occlusal plane. Greater accuracy could be obtained -

 in the scanner is tumed to face the aforesaid dental surface close to face-on rather -

than cJose to edge-on. Accordingly, the proéesSof 52 may determine whether the

" definition of the finish line is sufficiently. good, and this may be done by"

comparing the orientation of the scanner 32 with respect to the aforesaid dental

surface, according to preset criten'a, for. examplc Thus, in step 13', the 'processor E

* . 52 determines whether data is rmssmg, or whether the accuracy of the data of the

numerical cnnty is insufficient.

- Jo step 14/, fcedback data 15 generated to alert the user as to how to corroot

for the insufficiency of deﬁnition For example, in the case where some surface

‘ areas of the entity are missing, the processor 52 first 1dent1ﬁes the xmssmg areas

- for the user, and then. may compute the best angle and position for the scanner 31

to scan the intraoral cavxty such as to provide the thissing surface data. This

information may be provmded by display 54, for example by providing a graphical

015396181303
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injage of th.e entity, with‘the deficient areas marked hereon, and then arrows or
. markers with respect thereto showing the desired position of the scanner 31. of
s ooursc, it may be that more than one scan is required to make up for the missing
data, and the processor provides the required feedback ‘data to deal with each -
" scan, | ‘ o o , |
Similarly, in the case where some surface areas of the er‘rtity require better
def mtron, the processor 52 may compute the best angle .and posmon for the
S - scanner 31 to scan the mtraoral cavity such as to provrde better ‘definition of -
o those areas. This information may also be provided by display 54, for example by g
providing a graphical image of the entity, and then arrowe or markers with -
respect thereto showing the desired bositiorr of the scanmer 31. As before more
than one scan rnay be required to provide tbe higher accuracy data, and the -
, processor provrdes the reqmred feedback data to dea) with each scan. Other parts |
requiring specral definition may include, for example, undercut -zones of the
preparatlon | - ' o o -
| Furthermore the processor may be programmed to alert the user when the
entrty is sufficrent]y well defined for the: -purpose for which it is needed In such a
case the feedback data i is de1gned to alert the user that the scan is complete, and» .
may comprtse a distinct visual or audio signal, similar but distinguishable from:
. other audro/vrsual signals provrded by dlsplay 54, as descnbed herein, mutatrs '

mutandzs

It should be noted that the method 10' according to the second aspect of the .

: invention may be carried out in step 11 (Fig. 1) of the first” aspect of the"
E ,mventlon, such as to ensure that the entity provrded in step 11 is suﬁ' cient for
‘steps 12 to 14 thercof. | o

| Thus, in the eecond; aspect of the invention, the feedback data may

‘essentially be used to facilitate the acquisition of data that ‘rﬁay ‘be used to |

construct the numerical entity for subsequent use, for example accordmg to the

- first aspect of the mventlon
01539618\3-03
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Accordmo to the first and second aspects of the invention, the entity o

- obtained by scannmg via scanner 31 is dlsplayed in real time via dlsplay 54, and

. when the scanning is comp]ete and acceptable, feedback data is provided alerting
‘the user to this fact. ' | | "

Further, the present invention, according to the first and second aspects
thereof may be used solely to obtain verifi catxon that a partlcular preparanon 15'
in a suitable condmon for xmplantm ga prosfhesxs ,

" Further the analysis of the scanned data, whether locally or at a remote site.

- such as for example the semce centers 23, dental labs 26, and 50 on, typlcallyA
via suitable algonthms, may also use the followmg parameters: the type of
'restorauon requlred patlent parameters ~ age, sex, onom, dental condition
(implants in the scanned area, root cana.ls, soft tlssue CODdlthII, and so on) 3

'budget for the procedure, and so on.

~ In the third aspect of the invention, the feedback data is essentially used in
én interactive manner togéther with '_a material remoVing pfbccss to facilitate the" V
_performance of a procedure with respect to the intraoral cavity.
For example, vthé processA for removing dental material to create the ‘
‘preparation. may be éﬂz’eéted in a pumber of stages, at the end of each material -
| remox_"ing stage the preparation area being scanned and diép]ay.ed'in real time to
- guide the déntai pr.aétitibner as fé h_ow to proceed to the next stage, such as to . ‘
provide an optimzﬂ prcpar:atiori geometry. In particular, when the prosthesis isa -
'bfidge, the system guides the practitiOngr to provide the.one' of the preparation
- zones, and_the'n'based on. this geometry calculates an optimal geometry for the
'second preparation zone required for the bri‘dge; and Cbrrespondingly guides the - ',
practitioner accordingly. At each material removing stage, the processor 52 re- |
cvaluates the full picture, and may ‘suggest that the ﬁrst preparatlon be modified

| mstead of or in addition to the second preparatlon

0153961 8_\3 -03
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At Jeast the first aspect of the invention may be used with respect to 2

 positive model of a dentition, in a similar manner to that described above for a

 real dentition, mutatis mutandis.

While the method of the invention has been describ.e'd,v based on a -
representation of surface information, the three dimensional entities iﬁ the oral
cavity, such. as for example the teeth gums' and so oﬁ, and also the 3D entities

that are created by the system 50, including the preparation 10, for example, may
be. descnbed instead by sohd rcpresentatlons or any other topographncal or

geometncal representations.

In fhe method clajm.sb that follow, alphabetié characﬂers and Roman numerals"’
‘used to designatélclaim‘steps are bfpvided for convenience only and do not unply :
 any particular order of performing the stcpé | o - '
Finally, it should be noted that the word “compnsmg as used throughout the
- " appended clalms isto be interpreted to mean “ncluding but not lnmtcd to”

While there has. been stown and disclosed excmplary emboduncnts in -
' '_ accordance with the invention, it will be appreciated that ‘many changes may be

made therein without departmg from the spmt of the mventwn

015396 8\3-03
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CLAIMS: |
1. A method for providing feedback data useful in. at least one
prosthodontic procedure ass.ociated with the intra oral cavity, comprising: |

(a) providing at least one numerical entity represen.tatiﬁve of the three-

- dimensional surface geometry of at least part of the intra-ofal cavity; ‘

| (b) manipulating said entnty to provndc desired data of a type useful in at
Jeast a first said procedure; - , ’ | '

(c) dctermmmo at least one relationship' between said desired data and ;
said first procedure and | ' ' ,

©(d) oeneratmg fcedback data representanve of sa1d at - least one

 relationship.

2. Method racccrdin,g to claim 1, wherein dental material has been
previously ren-mv‘ed from said part of the intra-oral ‘cavit.y by means of a second
. procedure.. , ’ o o
3.  Method: accordmg to claim 1, wherem step (c) compnses testing ‘an.
adequacy of said des:red data for perforrmng said f rst procedure accordmv to at
least one predeterxmncd parameter. ' |
4. . Method according to claim 3, wherein step (d) compnses generatmg' N
L fcedback data repr&scntanve of said adequacy '

5. Method according to claim 3, wherein said first procedure comprises
mounting at-least one dental prosthesis wiili respect to a dental preparation

comprised in said intracral cavity and provided prior to step (a).

6. - Method accordmg to claim 5, wherein said des1red data relates to the

geometry of a finish lme assocmted with said dental prcparatxon

© 015396183-03
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9. . Method according to claim 6, wherein step (c) comprises determining

whether or pot the said finish line geometry is suitable for receiving a pfosthesis

according to predetermined parameters.

8. Method according to claim 7, wherein said feedback data in step-(d)
compnses a suitable message advising whether or not said finish line geometry is
~ suitable, accordmg to said determination in step (c). .
‘ 9. Method accordmg to claim 7, wherein in step (c) it is. determmed that the
said finish Jine geometry is not suitable for receiving a prosthe51s according to
predetermmed parameters, and further compnses the step: L
(e) providing suggested changes to said finish line georﬁetry such as to
provxde a new finish line geometry that is suitable- for recelvmg a prosthesm
according to prcdetermmed parameters. '
10. Method according to ‘claim 9, wherem said suggested changes are_'
calculated accordmg to predetermmed rules.. o ’
11. . Method accordmg to claim 9, whercm said sug géSted changes are
d1sp1ayed on a two-dimensional representatlon of saxd dental preparation,
wherein said new finish line geometry is superimposed over said representation.
" 12.  Method according to claiin 11, wberein’é location of said existihg ﬁnish :
} hne geometry is hlghllghted with respect to said new ﬁmsh line geometry
13. " Method according to claim 9, further compnsma repeating steps (a) to* |
(d) after further material has been removed from the prcparauon to conform 2

ﬁmsh line thereof to said new ﬁmsh line geometry.’

‘14, - | Metho.d according to claim 9, furt.her -coﬁpd.sing repe;aﬁng steps (a) to |
'(d) concuirehtly with each 'stép of a material removal operation, said material
removal oﬁeraﬁon being adapted to conform a finish line of said preparétion' to
sajd new ﬁmsh line geometry, wherein step (e) is performed at each step of sald

materl al removal operation.

015396183-03 |
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15.  Method according to ciairn“S, wherein. said desired data relates to an.
insertion péth geometry for said prosthesis with respect to said dental preparation
and surrounding dental tissues. .' ,

'16. Method according to claim 15, wherem step (c) comprises detenmmng
whether or not the said insertion path geometry is suitable for enabling said
prosthes1s to be mounted with respect to said dental preparatlon ‘

17, Mc'thod according to claim 16, whercm said feedback data comprnses a-
suitable message advising whether or not said insertion path geometry is suitable,
aécording to said determination in step (c). o o
18. = Method accordmg to claim 16, wherein in step (c) it is determined that |

* the sa1d insertion path geometry 15 not suitable for receiving a prosthesis -
accordmg to predetermined parameters, and further comprises the step:

® prowdmg suggestcd changes to-said dental preparatxon such as to
prov:dc a new msertlon path geometry that i is su1tablc for recenvmg a prosthesxs K

| according to predetermined parameters. 4
19. Method accordmg to claim 18 whcrem sald sugg gested changes are

' determined on the bas1s of 1dent1fy1ng- ovcrlapp1n<7 areas between the prosthems

-and the preparation, -and provxdmg gu1dance as to correspondmg changes
required in at least one of said prosthesm and said preparation. o

- .20. 'Memod.accqrdmg to_ claim 18, wherein said s_uggested changes are
displayed on a two-dinien;siondl; representation of said dental preparétﬁon,

. wherein“ said pew insertion :path geometry is superimposed .over ‘ said

representation.

21..  Method accordmg to cla:m 18, further comprising repeating steps (a) to
(d) after further material has been removed from the preparatlon to conform said
preparation to said new msemon path geometry.

22, Method according to claim 18, further compnsmg repeatmg steps (a) to

. (d) concurrently with each step of a material removal operation, said material

removal operation being adapted to said preparauon to said new insertion path

01539618303
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geometry, wherein step (e) is evaluated at each step of said material removal
operation. ' '
23. Method according to claim 15, wherein said prosthesis is any one of a

crown or bridge.

2. . Meﬂmd according to ciaim 5, wherein sajd desired data relates to at least
one predetermined dimension between. said .dental preparation aod - said
prosthesis. ) - | '
25. Method accordmo to claim 24 wherein step (c) compnses detenmmng:
- whether or not the said at least one dlITlGTlSlOﬂ is suitable for enabling a prosthesis
A to be recewed according to predetermmed parameters. ‘ '
N | 26. Metbod according to claxm 25 wherein said at least one dlmensxon relates
toa c_haractenstic thickness of sald prosthesns. | |
- 27. : Method according to claim 25, wherem said prosthesis comprises a -
ceramic cap that is mountable over a metal coping bonded to said preparatzone
28. Method accordmg to claim 25, wherem saxd prosthcms compnses a
o porcelam fused to metal (PFM) cap.

29. ) ‘Method according to claim 25, wherein said feedback data comprises a-
suitable message advising wh.ether or not said at least one dimension is suitable; |
" according to said determination in step (c). . | ‘
30. Meih’od according to claim 25' wherein-in. step (¢) it is determined' that
~ the said at lcast one dlmenswn is not suitable for recelvmg a prosthems according
to predetermmed pa.rameters and further compnses the step: - B
(e) providing suggested changes 0 preparation geometry such as to
provide a dimension that is sultable for- recelvmg a prosthesxs accordmg to :
predetermined parameters. ,
" 31. Method according to claim 30, wherein, sa.td suggested changes are.
. determined takmg into conmderanon the type of prosthesis to be  implanted at |

 said preparatlon
01539618\3-03
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32. Method accordmg to claim 30, wherein said suggested changes are
-displayed on a two—dlmen_swnal representation of said dental preparation,
~ wherein said changes to ;preparati:on geometry are superimposed over said
representation. ' | :
33. - Method accordmg to claim 30, further comprxsmg repeatmo steps () to
(d) after further material has been removed from the preparatlon to conform said |
prepa.ratlon to said new preparatlon geometzy ,
34.. ‘Method according to ¢laim 30, further comprising repeating steps (a) to '
(d) concun'ently with each step of a material removal .operation, said materjal
removal ~operation being’ adapted to “conform saxd preparatlon to said new
preparanon geometry, wherem step (e) is evaluatcd at each step of said rnaterxal

removal operaxxon

3s. " _ ‘Method accordihg to"c.:lairn 1,‘wherein sfep (@) is pefformed by scaﬁhfm.g'-
said at leaét part of said intra oral cavity using a SUitable 3D surface scanner.

| 36. Method according to cIaJm 35, wherem in step (c) said relanonshlp is
msufﬁmently determined due to mcomplete deﬁmtlon of numencal enuty
provxded by step (a). ' ,

37 Method according to claim 36, further _comprising the step of o
determmmg the location of at least one area of sald intra oral cavity where 3D ‘
deﬁmnon thereof is rcqmred for e'nablmg step (c)to be perfOrmed

. 38.  Method according toclaim 37, wherein said detemunatlon of - the
jocation of said at Jeast one area is per.formed by suitable algonthms. ’
39. Method according to claim 37, wherein said at least one area is displayed- .
on a two-dimensional representation of said dental pmparatlen, whercm said at

least one area is supenmposed over said representanon

01539618\3-03
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40. Method according to claim 5 wherein said prosthesis _éomprises any one -

" ofan inlay onlay, crown, bridge or restoration.

41.  Method according to claim 1, wherein siep ®) 'compyrises simulating said

procedurc first with respect to said numerical entity to prc')\}ide said desired da'ta,

42. ,‘ Method according to claim 1, wherein step (a.l)‘comprises the steps of:
| (i) sca.nmng a part of sald mtra-ora] cav1ty to provide a 3D nuxnerxcal
entity thereof ' _
(ii)v detenmnmg whether a definition of sajd 3D numencal entity is
sufficient for enabling step (c) to be performed; | |
© (iii)- . if said definition is 1nsufﬁc1ent, advising a user to"contirla,ue Scanninga
© different part of said intra-oral cavity, and repeating step (if) until said
 definition is sufficient, wherein step (v) is performed; -
(iv) if said definition is sufficient in step (ii) proceeding with Stép ™);
- (v) advising a user that said dcﬁmtlon is sufﬁcmnt, and proceedmg wnh' .
. steps (b)to (d). .

43, Method accordmg to claun 1, wherem in step (a), Sald numencal entxty o
farther compnscs color data of said part of the intra oral cavity. . .
: 44. Method aocordmg to claun 43, wherein step (b) compnses d:fferentxatmo ‘
~ parts of said entity accordmc to whethcr the said color associated therewnh lS.._

correlated with soft txssues or hard txssues of the intra oral cav1ty

45, ~ Method as claimed in élaifn 1, wherein step (a) is pbfforméd in one
locatlon, and at | east one of steps b) to (d) are pcrformed in at’ least one different ‘

locatlon

.46.  Method according to claim 1, wherein step (d) is provided substaﬁtially '
" in real-time with respect to step (2). |

01539618\3-03 4
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47..  Method of providing feedback data useful in -at least one prosthodoritio
procedure associated with the intra ofal cavity, oomprising:
(i) providing at least one numerical ‘cnti.ty representative of the three-
dimensional surface geometry of at least part of the intra-oral cavity that has been
- prevmusly modxf ed by means ofa ﬁmt part of sald procedure; |
(i1) mampulatmg sa1d entity to prov1de desired data useful in at least a
-second part of said procedure;-
- (iii) tcstmg adequacy of said desired data for pc:rformmo said second part
of saJd procedure; and
A (v) gcncratmo feedback data representatwe of sald adequacy.
b . 48.  Method according to claim 47, wherein said first part of saJd procedure
| compnses a dental material rcmova] operation in said intra-oral cav1ty
49. - Method accordmg to c]alm 47, wherein step (i) compnses manipulating
sald entity to determine sufﬁc1ency of deﬁmtlon of said numerical entity in step. |
() w1th respect to said first said procedurc and provxdmg sufficiency data '
" representative of said sufficiency, and wherein step (111) comprises detenmnmg at
least one relationship between said sufficiency data and said first procedure
50.  Method according to claim 47, wherein said dcsxred data rclates toa
measurc of swrface data deﬁmtlon of saJd entity. '

51 System for prov1dmg feedback data useﬁll in at least one prosthodontic
procedure associated w1t11 the intra oral cav1ty compnsmg
(A) scanner means for providing at least one - numencal entlty
representatwe of the t.hree-dlmenswna.l surface geometry of at least part of the
g Jntra-oral cavity ; _ o .
_ (B) microprocessor means for manipulating said entity to provide deohed~
-~ data of a type useful in at least a first said procedure, and for determining at Jeast
one relationshivp‘between said desired data and said first procedure; and

'01539613\3—03 ,
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(C) output means for outputtmg feedback data representatwe of sald at

.vleast one relationship generated by saJd mlcroprocessor rneans

52. Systern. according to claim 5], wherein - said scanner compriées a
confocal scanner. | , B o ‘

53. - - System according to | élam"52 wherein ‘s;aid scanner comprises a
' capabxhty for providing color data as well as geometrical data of a surface.

54. System according to claim 51, wherem said output means compnses a
wsual and/or audio display means. A A

55. System according to claim 51, wherem said rmcroprocessor means is
‘aglaptcd for operation apcordmg to a method as defined in any ope of claims 1 to- .
50.

01539618\3-03
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