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METHOD AND SYSTEM FO~ PROVIDING FEEDBACK DATA 

USEFUL IN PROSTHODONTIC PROCEDURES ASSOCIATED-WITH 

. THE INTRA ORAL CAVITY 

FIELD OF THE INVENTION 

This invention relates to a system· and method for providing feedback 

information that facilitates _and that may provide guidan_ce for prosthod.ontic 

procedures in the intra oral cavity, i.e., procedures involving the installation and . 

definition of dental prostheses. In particular, the invention relates to such systems 

an.d methods that are computerized .. 

BACKGROUND OF THE INVENTION 

Prosthodontics is the dental speciality concerned with artificial 

replc!,c~~ents of missing parts of the mouth and jaws, in particular of teeth and 

parts thereof. 

In prosthodontic procedures designed to implant a dental prosthesis in the 

intra oral cavity, the dental site at which the pr9sth;esis is to be implanted in many 

cases needs to _be measured accurately and studied carefully, so that a prosthesis 

such as a crown or bridge, for example, can be- properly designed and 

dunensioned to fit in ·place. A good fit is of the highest importance to enable 

mechanical · stresses to be properly transmitted between the prosthesis and the 
. . . 

jaw, and to prevent infection of the-gums and so on via the interfac~ between the 

prosthesis .and the dental site. 

In the prior art, the de11tal site is prepared by-the den.tal practitioner, and_a · 

positive model of the si~e· is constructed using kn.own methods. Altemati~ely; the 

dental sjte may be scanned to provide 3D data of_ the s_ite. ;In either case, the 
.. 

virtual or real model of the site is sent to the dental lab, which manufactures the 

ois~96IS\3-03 
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prosthesis based on the model. However, if the modeI·i.s deficient or undefined in 

certain areas, or if the preparation is not optimal for receiving the prosthesis, the . 

dental tecim:ician. has a more difficult job ahead than otherwise~ a:n.d may result in 

less than optimal design for the prosthesis. In some circumst.ances, the model is 

rejected and the den.ta) 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 material" refers to any material associated· with dental · 

structures of the intra oral cavity, including but limited to natural dental materials· 

such as for example enamel, dentine, p~lp, dental roots, and b.on-riatural dental 

materials such as for example metallic and non-metallic filings, restorations, 

crowns, bridges, copings, preparations, and so on. 

Herein, "dental clinic" refers to the interface between a dental practitioner . 

and a patent, and thus includes any physical entity, ·in particular a clinic, in which 

there is interaction between a dental patient and a dental practitioner. While 

"dental practitiori.er" typically refers to a dentist, doctor or· dental technician, it 

also includes herein .all other caregivers that may interact with a dental patient 

during the course of a den.tal treatment. While "dentai patient" typically refers to 

a person requiring the dental services. _of a dental practitioner;· it also includes 

herein any person. regarding whom it is desired to create a 3D numerical model 
. . 

or'the intra oral cavity thereof, for example for the purpose of practicing the same 

· or for carrying out research. 

The term "prosthesis" is herein taken to include any restoration and any 
' . 

onlays, such as crowns and bridges, for example, and inlays, such as caps, for 

example, and any other artificial ~artial or complete denture. 

While the _term "preparation" typically refers to the· stump (including th~ 

finish line and sboulder) th.at is left of the tooth that is to be replaced by the 

01.539618\3-03 
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prosthesis - typically a crown - and ·on .which the crown. is. to be mounted, the 

tenn herein also includes artificial stumps, pivots, cores ·and posts, or other 

devices that may be implanted in the in.traoral. cavity in such _a p~sition or in a 

position. that is· optimal for implanting the crown. 

Toe term "prosthodontic procedure" refer.s, inter al.ia, to any procedure 

iovolvin.g the intraoral cavity and directed to the design, . manufacture or · 

installation of a dental prosthesis at a dental site within th:e intr~oral cavity, or a 

real or virtual model thereof, or · directed to the design. and preparation of the 

dental site to receive such a prosthesis. . · 

The term "numerical entity" is used herein. synonymously with virtual 
' . . 

model ~d other such tenns, and relates. to a virtual representation of a real· 

object, typically a dentition or at least a part of jntraoral cavity, or of a real model 
. . . .' . '. r 

.·· thereof, for example. 

Th.e present invention, in . a . first aspect thereof, relates to a method for 

providing feedback data useful in at least one 'prosthodontic procedure associated 

with the intra oral cavity, comprising: 

(a) providing at least one numerical entity representative· of the three­

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

'(b) manipulating ·said entity to provide desired data of a type useful in at 

least a first.said procedure; . . 
' ' . 

(c) determining at least one relationship between ·said desired data and 

said fir.st procedure; and . 

. (d) generating feedback dat.a repres~ritative of said at least on.e 

·relationship. 
. . . . ' 

. Typically; in the said prosthodontic procedure, dental material has been . 
. ·. . . . 

previously removed from said part of the in.tr.a-oral· cavity by means of a second 

procedure. 

Optionally, step (c) comprises testing an adequacy of said desired chlta for 

perf omti.ng said first procedure according to at -least one predeter.mined 

015396] 8\3-03 
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param.eter, ~d step ( d) comprises generating feedback data representative of said 

adeq_uacy. · 

Th.e method i~ typically directed at a said first procedure comprising 

mounting at least one dental prosthesis with . respect to a dental preparation 

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

In a first em~odiment of the invention, said desired data relates to the 
geometry of a finish line associated with: said dental preparation. Step (c) 

comprises determining whether or not the said finish line geometry is suitable for 

receiving a prosthesis accordin.g to predetermined parameters; said feedback data 

in step (d} comprises a suitable message advising whether. or not sai.d finish line· 

geometry is suitable, according to said detennination in step (c). In step .(c) it 

may be detemiined that the said finish line geometry is not suitable for receiving 

a prosthesis according to predetennined parameters, and in such a case the 

method may further comprise the step: 

(e) providing suggested changes to said finish line geometry such.. as to 

· provide a new finish lin~ geometry th.at is suitable fo,; receiving a prosthesis 

according to predetermined parameters. 

The suggested changes m.ay be calculated according to predetetmined 

.· rules. Further, the suggested c~anges may be . displayed· on a two-dimensional 
. . ' 

representation of said dental preparation, wherein said new finish line geometry 
, 

is superimposed over said represen.t3:tion. The location 9f said existing finish line 

geometry may be highlighted with respect to said new ~nish lin.e geometry. 

The method may further comprise repeatjng steps (a} to (d) after further 

m.aterial has been removed from the preparation to confof!]l. a. finish lin.e· thereof 

to said .new finish line geo.µ1.etry. 

The method may. further comprise.repeati,:ig steps '(a)·to· (d) concurrently. 

with each step of a material· removal. operation, said inateriai removal operirtion 

being adap~~d to conform a finish line of said preparation to said new finish line 

geometry, ·wherein step (e)_.is peifomi.ed at e~h ~tep of'sai.d material removal 

• operation. 

01539618\3-03 
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~o. a second em.bodi.ment, the desired data relates to an insertion path 

geometry · for said prosthesis with respect . to said denial preparation. and 

sUIToWJ.ding dental tissues. Step· ( c) comprises determining. _whether or not the .. 

said inse~ion path geometry is suitable for enabling s.aid prosthesis _to be 
moWJ.ted with respect · to said · dental preparatio~. The f e~dback · data· may · 

comprise a suitable message advising whether or n.ot said insertion path geometry · 

is suitable, according, to said determination in step (c). In step (c) it may be 

detennined that the said insertion.path geometry is not suitable for receiving a_ 

prosthesis according to predetermined parameters, and the method may then · 

further comprise the step: 

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

provide a new ins~rtion path geometry that is suitable for receiving a pr~sthesis 

according to predetermined parameters. 

The suggested changes may be determined on tb.e basis of identifying 

overlapping areas between the prosthesis and the preparation, arid providing 

guidance as to corresponding changes required in. at least one of said prosthesis 

and said preparation; Further, the suggested changes may be displayed on a two­

dimensional representation. of said dental preparation; wherejn said new insertion. 

path geometry is superimposed over said representation. · 

The me.thod may further comprise repeatin.g steps .(a) to (d) after ~er 

material has been removed from the preparation_ to conform said preparation to· 

said new insertion path geometry. 

The m.~thod may further comprise repeating ·steps: (a) to (d) conc{!rrently 

with each step of a material rem.oval ~peration, said material removal operation 

being adapted !o said preparation to said new insertion path geometry, wherein 

step ( e) is evaluated a~ each step of said material removal operation.. · 

· The prosthesis in. the second embodiment of the• inyen.tion i_s typically ·a 

crown or bridge. 

01539618\3..()3 
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In. a third embodiment of the invention, the desired data r~lates to at least 

on.e predetermined dimension between. said dental preparation · and said 

prosthesis. Step ( c) comprises determining whether or n.~t the said at least one 

dimension is suitable for enabling a prosthesis to be received acc.ording to . • 

predetennined parameters .. The at least one dimension typically relates to a 

characteristic thickness of said prosthesis. The said prosthesis may comprises a 
. . 

ceramic. cap that is mowitable over a metal coping bonded to said preparation, or 

a porcelain ·fused to· metal (PFM) cap, for CX3.I!1ple. 

Th~ feedback data typically comprises a suitable message advising 

whether or not said . at least om~ dimension is suitable, according to said · 

determination in step ( c ). In step ( c) it· may be determined that the. said at least 

-one dimension is not suitable for receiving a prosthesis . according to 

predetermined parameters, and further co~prises tb.e step: 

(e) providing suggested changes to preparation geometry such as to 
. -

provide a dimension that is suitable for receiving a prosthesis according to · 

predetepnined parameters. · 

The suggested changes may be detennined takin~ into consideration the 

type of prosthesis to be implanted at said preparation. The suggested changes 
. . 

may be displayed on a two~dimensioo.al representation of said dental preparation, 

wherein said changes to preparation geometry· are superimposed over. said 

representation. 

Optionally, the method may further comprise repeating steps (a)' to (d) 

after further material has .beeri removed· from the· pr~paration to conform said 

preparation to• said new preparation geometry. 

Opti<:mally, the method may further comprise repeatjng· steps (a) to (d)' 

~oncurrently with each ste~ of a material removal ope;ration, said material 

removal operation being . adapted to confonn. said preparation to said new 

. preparation geometry, wherein step ( e) is evaluated at e~h step of said material 

removal operation . 

. 01539618\3-03 

-9-



Received: 11/25/04 9:00; 972 3 7109310 -> Nath and Associates PLLC; Page 9 

REINHOLD COHN 972 3 7109310 11/25 10415:38 N0.222 09/36 
' 

For all embodiments, step ·(a) is typically :performed by scanning said at 

least part of said intra oral cavity using a suitable 3D surface scanner . 

. Accord.ing to a second aspect of th.e in.verition, in step ( c) said relationship 

· may be insufficiently determined due to incomplete definition of num.erical entity . 

provided by step (a). The method may then further ·comprise· the ·step of 
. . 

determinin.g the location of at least one area ~f said intra oral cavity where· 3D 
' ' 

definition thereof is required. for enabling step (c) to be performed. Said 

detennination of the location. of said at le~t one area may be performed by 

suitable algorithms. The said at least one area is displayed. on a two-dimensional 

representation of said dental preparation, wherein said at least one area is 

superimposed over said represen.tation. 

The prosthesis typically co~prises any one of an inlay, onlay, crown, 

bridge or restoration. 

Optionally, step (b) com.prises siµmlating said procedure first with respect 

to said numerical entity to provide said desired da~. 

According to the second aspect of the invention, step. (a) comprises the 

steps of: 

scanning a part of said in.tr.a-oral cavity to provide a 3D numerical entity 

thereof;. 

determining whether a definition of said 3D rium.erical entity is sufficient 

for enabling step ( c) to be perfonned; 

· if satd definition is insufficien~ advising a user to continue .scanni~.g a . 
different part of said intra-oral cavity,. and repeating step (ii) until· said definition 

is sufficient, wherein step (v) is performed; 

if said definiti?n is·sufficie.nt in step (ii), proceeding with step (v); 

. advising a user that sai4 definition is suffi~ient, and proceeding with steps · 

. (b) to (d).' 

Optjonally, in step (a), sai~ numericai entity further compris~s color data 

of said. part .of the intra oral cavity,. and. step (b) comprises·· differentiating parts of 

01539618\3-03 
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said ·entity according to whether the said ·color associated therewith is corr.elated· 

with soft tissues or hard ti~sues of the intra or.al cavity. 

Optionally, step (a) may be performed in one location., and at least one of . 

~teps (b) to (d) may be performed in at least one different location. 

Optionally, step (d) is prnvided substantially in. real-time with. respect to 

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

fractions· of a second. 

Accor.ding to the second aspect of tb.e. invention, a· method of providing 

feedback. data useful in at least one prosthodontic procedure associated with the 

intra oral cavity, comprises: 

(i) ·providing at I.east one numerical. entity representative of the three­

dimensional surface geometry of ~t least part of the .intra-oral cavity that has been 

previously modified by means ·of a first part of said proc~dure; 

(ii) manipulating said entity to provide desired data useful in at least a 

second.part of sai.d procedure; 

(iii) testing adequacy o:f said d~sired data for performing said second part 

of said procedure; and 

(iv) generating feedback data representative of said adequacy. 

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

removal OJ?eration in said intra~oral cavity. Furthertypical!Y, step (ii) comprises · 

manipulating said entity to determine sufficiency of definition of ~aid nwnerical 

entity in. step (i) with respect to· said. first · said procedure, and. providing· 

sufficiency data representative of said· sufficiency, ~.d step (iii) comprises 

determining at l~ast one relationship between said sufficiency data and. said fust 
. , . . 

procedure.- In one application of.the method according to th.e·second aspectofthe 

invention, the desired data may relates to a measure of surface data definition of 

said en.~ty. 
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In the third aspect of the invention, the feedback data is essentially used .. 

· in. an· interactive manner together with a material removing process to facilitate 

Jhe perfonnance of a procedure with respect to the intraoral cavity . 

. The present invention also relates to a system.for·providing feedback data 

useful in: at least one prosthodon6c procedure associated with the.intra oral cavity 

comprising: 

(A), · scanner means for providing at . least one numerical · entity 

representative of the three-dimensional surface geometry. of at- least part of the 

intra-oral cayity ; 

(B) microprocessor means for manipulating said, entity to provide desired 

data ofa type useful in at I.east a first said procedure, and for determining at least 

one relationship between said desired data and said first procedure; and 

(C) output means for otitputti.ug feedback data representath,:e of said at 

least one relationship generated by said microprocessor means. 
. . . 

The scanner may compri.ses a confocal scanner, for example. Preferably, 

the scanner c~rnprises a capability for providing color data as well as ge~metrical 

data of a surface. Typically, the QU~Ut means comprises a visual and/or aµdio. 

display means. The microprocessor means is adapted for opeiatio~ according to 

the method of the invention. · 

BRIEF DESCRIPTION OF THE DRAWINGS·· 

In order to unders!8:0d th~ invention and to. see how. it ·m~y be carried out io. 

practice, a preferred embodiment will now be ciescribed, by way of non-limiting 

example only, with reference to the acc·om.panying drawings, in.which: . 
' . ' ' 

Fig. l is .a bJock diagralll illustrating steps of a method according to th.e 
. . 

first aspect of the invention . 

. 015396·] 8\3-03 
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Fig~ 2 is a block diagram illustrating elements of a system according to the 

preset.J.t invention .. 

·Fig: 3 illustrates a numerical entity of the intraoral cavity obtained with the 

system -of Fig. 2. · 

Fig, 4 illustrates a virtual crown prosthesis with respect to a virtual 

preparation area. · 

.Fig. 5 illustrates. dimensional parameters associated with ·the crown of Fig. 

4. 

· Fig. 6 il_lustrates the insertion. path. for a crown prosthesis with respect to a 

preparation. 

Fig. 7 illustrates the jn.sertion path for an.other crown prosthesis with 

respect to a. preparation., constrained to- follow the insertion path defined·-by the 

internal surface of the prosthesis; 

Fig. 8 illustrates the insertion path for th.e prosthesis of Fig: ·1 with respect 

to a preparation, constrained to foJJ.ow the insertion path defined by the e}{ternal . 

. surface of the prosthesis. 

Fig. 9 illu~trates an auxiliary prosthesis for use ~ith the preparation stum.p · 
. ' . 

. having an. undercut.. 

Fig. lO illustrates a bridge prosthesis having a suitable the insertion path •· 
. . 

with respect to a preparation. 

Fig. 11 illustrates a bridge prosthesis having a non-s_uitable 'insertion path 
. . 

for with respect to a preparation.· 

Fig. 12 is a block diagram illustrati.n.g steps of. a method accor<ling t.o the 

second aspect of the invention. 

01539618\3-03 

-13-



Received: 11/25/04 9:01; 972 3 7109310 -> Nath and Associates PLLC; Page 13 

REINHOLD COHN 972 3 7109310 11/25 1 04 15:39 N0.222 13/36 
' 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 illustrates a method l O for providing feedback data useful in at least 

oo.e prosthodontic procedure associated w1th the intra oral cavity, in accordan.ci;: 

with a first aspect of the invention.. The method comprises the following basic . 

steps: 
' . 

' . . 

Step. 11: providing at least one numerical 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 provide desired data of a type useful in 

;:it least a first said procedure. 

Step 13: determining at least one ·relationship between said desired data 

and said first procedure. 

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

relationship. 

Thus, in· the first aspect of the invention, the feedback data is essentially 

used to facilitate the performance of a prosthodontic procedure with respect to 

the in.traoral cavity. 

Preferably~ steps 11 to 14 are carried.out in. a relatively short space·of time, 

· more preferably in real time or close thereto. 

For all embodiments, the first step 11 of the .method according to the 

·present. invention reiates to_ providing at le~ one nume~cal. · entj;ty that is 

representative of the three-dim.en.siori.al surface. The · said numerical.. entity is 

typically at least ,;three-dimensfonal", that is;· each data point of the data set . 

com.prises at least three prime_ independent variables relating to. sp~tial 

coordinat~ of a surface, typically defined alc,~g ·orthogonal Cartesian axes, x, y, · 

z. Alternatively, these variables may be defined along ·polar axes· or any other 

geometric. system in wh.ich. a surface may be described. Thus, . the numerical 
' ' . '' 

entity typically comprises a data set having a plurality of at least 3-dimensfon.al 

01539618\3-03 
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arrays - (x, y, z), wherein each array represents the x, y, z, geometrical 

coordinates. 

Any suitable means may be used to provide the numerical entity.' Fig. 2 

i.llustrates·the main elements of the system 50 .according to the.present invention, 

comprising a suitab_le scanner 31, a microprocessor 9r comput~ 52, and a ·display 

means 54. According to the invention, digitised. three-dimensiqnal (3D) 

information W (Fig. 3) ofth.e patient's intra-oraJ cavity, or part thereof, is created· 

by the sy.stem 50 using scanner 31. Preferably, the 3D. digitized data of the 

in.traoral cavity is obtained, including the dentition and associated anatomical 

: structures of a patient. The scanning means 31 may _include, for example,' a hand­

held scanner that is used by the practitioner or other user to acquire·the 3D data.· 

. Advantageously, a probe for detennirun.g three dimensional structure by confocal 

. focusing of an array of light beams may be used, for e~ple as manufactured 
. . 

under the··name of PROSTHOCAD or~ disclosed in WO 0~/08415, the contents 

· of which are incorporated herein jn their entirety. 
·, 

· The_ system 50 is typically located at a dental cHnic, and may be linked to 

one or more service centers 23 and/or dental labs 26, via a communication means 

· or netw.or.k such as for example the Internet or other suitable comm.unications 

medium such as an intran.et, local access. n~twork, p,ublic switched telephone 
. . , 

network, cable network, satellite .commun.icatioo system, and th.e like, indicated 

by the cloud at 24. Option.ally, it is also possible for.. some dental labs· 26. to be 

linked to each other, via th_e same one or a different one of. said communication·· 

medium, for example when such dental clinics or _lal:,s form part of a common 

commercial entity. Further optionally, such interlinked dental labs· 26 ,may be 

further•. linked with other entities, for. exaJ?ple a head qlinic or head lab, 

-c~mprising a centralized data base (not shown). 

Typically, the design and manufacture of.dental appliances for use in the 

intraoral cavity may be even~ally carried out at the dental l~b 26 ·or ai the service 

centre· 23, or altemativ~ly one or both of these activities may be shared between 
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the two; iD. each cas~ the design and manufacture are preferably based on the 

original 3D data_ of the oral cavity previously obtain.ed. Thus, exchange of data 

between the system 50 and th~ dental lab 26 and/or service center 23 may be 

useful in. creating an op~imal geometry for a preparation. being made iri the 

. intraoral cavity that enables. the best prosthesis to be· designed therefor, for .. 

example. 

The dental lab 26 typically comprises; a laboratory, or a design or 

. manufacturing entity that may provide direct technical _services to the dentaj 

· clinic in which the system 50 is·.located. Such services may include, for example, 

scanning, manufacturing, analyzing the preparation in the intra oral cavity . to 

. mark · the . location of the finish line, for example, as disc]osed in -USSN. 

10/623,707 and WO 04/008981, also_ assigned to the present assignee, and the 

contents of which are incorporated herein in their entirety~ and so o_Ii. The dental 

lab 26 is typically characterized as being equipped or otherwise able to design 

part or whole prostheses, and/or to partially manufacture or assemble the s·ame, 
, , 

· particularly where close ·tolerances are relatively less critical. On the other- han.d, · 

while the servic~ center 23 is also equipped to design part or whole prostheses, 

and/or to fully or partially. manufacture and/or · assemble the sam.e, it is 

. particularly suited to do any of these activities 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 ·a 

different ~eographical zone to the dental cJfaic, for ex~pl~, different countries~ 

different -cities in the same country, different neighborhoods in the same city, or · 

even different buildings 'in the same n.eighborbood, they may. also be housed in 

the s~e . building, and in any case maintain tJ;ieir separate functions and 

capabilities, as described herein .. 

Th.e.system 50 may also be linked to one .or more ~nsultation centers 27, 

also ·via .network 24, wherein such consultation c~ters 27 may comprise dental 

experts, for example, that may provide feedback data to the user of system ·so, 
, , , 

based on da~ tran.smitted therefrom to the centers 27, according to the inventiqn. 
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According to the present invention, step 11. is· carried ·out after a material 

removal operation has been applied to a part of the intra oral cavity. Such a .. 

m.aterial removal operation may ~e executed .using· any suitable machining tool 

that is. ad~pted for material rem.oval, and may i.n.c:lude inter alia m.echanical tools 

· such ai; drills for example, laser tools such as for example laser drills or cutters, 

ultrasonic tools such as for example ultrasonic cutters, and so on .. Altematively or 

additionally, the material removal operation m.ay comprise a· loss of dental 

mate~ial, occurring, for example, via disease, m.echanical forces such as a blow to 

.the teeth for example, and so on. 

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

may require, prosthodontic procedures, and. may include the construction of a 

dental preparation at a dental site, so as .to receive a prosthesis such as a 9fOWil, 
. . . . . 

for example, or for providing a dental filling or restoration thereat. 

Altern.atively, the 3D digitized data may be. 9btained in any other suitable . 

manner, including other suitable intra oral scanning techniques, based on· optical 

. methods, direct contact or any ot.her means, applied directly· to the· patient's 

dentition. 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 may 
. . 

be associat~d with a complete dentition., or. of .a partial dentition, for· example 
' . . . . 

such as a preparation only of the intra oral cavity .. 

Typically, the 3D digitized data is obtained in. a manner such that ·enables · 

the data to.be:procured from the patient and analysed according to the inventi~n· 
. ' 

· during a regular visit of a patient to a practitioner. 

Thus, advantageously, ·such. a scanner 31 makes use of c.onfocal imaging 

for providing an accurate three-dimensional representation of the target surf ace 

within the intra-oral cavity. 

Optionally, the n.umerical entity may further· comprise a fourth prime 

· in.dependent variable; relating to a col.or parameter that is expressed numerically 

·and is associated with the spatial coordinates. The color parameter may itself be 
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comprised of in.dependent prime color variables - for example relating to the red, 

blue and green (RGB) components associated with the color parameter. 
. . . 

Alternatively, the color param.eter may be expressed in ternis of the Hue,. 

Saturation an.d Intensity @IS). Alternatively, any other color parameter may be . • 

used, including parameters that provide a measure· of internal reflectance and 

tran.sluceo.cy, or any 0th.er optical property of teeth. Thus, such·a numerical entity 
. . . 

typically comprises a data set having a plurality of 4~dimensional arrays :... (x, ·y, 

z, c), wherein each array ~epresents .the x, y, z, geometrical coordinates, :an.d 

· wherein-c represents th.e color value, of a point on a surface within the intra-oral 

cavity. Any suitable, means may be used to provide this numerical entity .. For 
. . . . 

example, a .three-dimensional surface scanner with color capabilities. may . be 

used.· Thus, advantageously, such a sc~er makes use o{ confocal imaging for 

providing an accurat~ three-dimensional. representation of the target surface · 
. . 

within the intra-oral cavity. Color values may.then added-to each. data point of 

this data set by obtaining a two-djm,ensional. color image of the target surface, 

and then mapping the color values of the two-dimensional image onto the three­

dimensional "image", for example as descn"bed in co-pending applications 
. ' 

assigned to the present assignee,· USSN 60/580,109, entitled ''METHOD FOR· 
. . ' . . . ' 

PROVIDING DATA ASSOCIATED WITH 11,IE.INTRAORAL CAVITY", 

· and USSN 60/580,108,. entitled "METHOD AND APPARATUS FOR·· 

. COLOR IMAGING .A T~E-DJMENSIONAL STRUCTURE".. These 

references are incorporated herein in_theirentirety by-reference thereto. · 

While only a limited· number of embodiments of the present. invention 

according to a first aspect are now described her.einbelow, it may be. appreciated 

that the method of the ip,vention may be used for a very w.ide variety of 

applications in which· feedback data may be· obtained for· use in procedures 

associated with the oral cavity. 

There are a·number of exemplary procedures for which the method·10 fa.of , . 

particular utility. In one such example, the procedure relates to the provision of a 
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prosthesis, such as a crown or bridge, for example, and inlays, such as caps, for • · 

example, and aJJy other artificial partial Qr corp.plete denture. In each ·case; an 

area in the intra oral cavity needs to be prepared·for rece~ving the crown, bridge 

and so on'.· In the case of .crown prosthesis, one tooth site needs to be prepared, 

.while for a bridge prosthesis, two preparations need to·be created, one at each. <?f 

the abutment teeth for anchoring the bridge. Inlays require a different type of 

· . preparation at the tooth site. · 

Referring to Fi.g. 4, a virtual representation of such a crown, g~nerally · 

designated 100; has an internal surface 120 and lower edge 130 that needs to be 

very. precisely defined and manufactured to match the preparation 80 and finish 

line 84, respectively, in tb.e intraoral cavity 200 of a patient. If the crown 100 is 

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

The crown 100, which may be formed from a· plurality ofl.ayers, preferably 

needs to have a natural looldng appearance. Further, the dimensions of the crown · 

100, in particular the definition of the external surface 140 depends on external 

factors .arid 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 

facingjaw·(Fig. 3). 

'At: the very 1east, the external surface 140 of the crown is such as to 

provide certain critical linear dimensions that comply with at 1east one of the 

target ~idth. or target height ofa site or location cin the jaw on which the crown is 

to be fitted. The target width may include the· mesiodist.ai size ,of a tooth: that is 

being r~placed by the crown 100, and may be· defined such as to provide 

adequate clearance between·the crown 100 and adjacent teeth A, B, when the 

. crown 100 is fixed onto th.e corresponding preparation in; th.e in.traoral cavity: The 

target height-' of the crown 100 I!'-ay be defined such .as to. provide adequate 

occlusion with· th.e · "working side" of the tooth and avoiding interfering contact 

between the,crown and teeth of the opposite jaw when the crown·is fixed onto the · 

corresponding preparation 80 in the intraoral cavity. 
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An outer shape for the external surface 140 may be-chosen in a number of 

ways. For .example, if the original tooth that the crown 100 .is replacing is still· 

available, and the outer surface thereof is of a reasonable form, this original tooth 

may be scanned and the 3D data· of the surface · obtained. If necessary, this 3D 

. data may be considered as a starting point, and the final shape of the external · 

surface 1.40 is obtained by manipulating this data as required by the technician or 

other user that is designing the surface 140. Alternatively~ if the patient. has a · 

. reasonably healthy tooth on the same jaw but oo. 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 too~ ~nay be scanned as 

described herein to obtain the 3D spatial coordinati;:s thereof, un.less this data may 

already be · avail.able from the 3D data of the oral. cavity 200 stored in the 

processor 52. Typically, such 3D-data would need to be transformed to provide a 

· lateral. inversion of the coordinates, suitable for a prosthesis jn the· other half of 

the jaw. Alternatively, a suitab)e profile for surface 140 may be chosen. and 

obtained from a library 35 that comprises the 3D spatial profiles of shapes or 

profiles of the outer surfaces _of a plural.icy of crowns and teeth. If necessary the 

relative size and shape of the surface 140 may be adjusted by the user to better 

match the.-other teeth in the jaw. Then, the chosen surface is adjusted jn any 

suitable· manner, either manually, automatically, interactively or -in· any other 

. manner, in order ,that the required· target dimensions of surface 140 will fit withfa 

a control .volume that defines the maximum dim.ension.s ~f the crown· 100, as 

require~ to conform to the space available in the· intra · oral cavity 200 . . In 

particular, the cc:introl volume may be cho:;;en such as to provide aq.equate 

clearan.ce.between the crown and adjacent teeth, and adequate occlusion with. the 
' L . . • 

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

The processor 52 also has suitable software to define the inner surface 120 

. according to pr~determined parameters. These parameters take into -account ·the . 

geometries of the external surface of°the preparation 80-includin_g finish line 84, · 

the spacing.required between th.e coping (if one is to be used with the cro~n) or 
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the internal surface of the crown (if no coping is used) and the preparation 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 coping 160, and thus ·p~ovide a complete geometrical 

representation or 3D data of the coping 160, digitally. The external surface of the 

coping 160 may be defined in any.'number of ways. Typically, at I.east a majority .. 

of the external surface of the stump 82 is displaced .from the internal surface: 

thereof by a uniform amount to provide an. approximately constant thickness 

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 so~ne parts than in others, reflecting the activity that the crown 100 

will be expected to engage in - as a molar, jncisor, canine and so on. 

The design of the external surface 140 and the in.tern.al surface 120 may be 

executed· by the processor 52 at the dental clinic, or alternatively at the service 

. center 23, or at the dental lab 26. If at the latter, and if use is made of a library of 

3D spatial profiles of shapes or profiles of the outer surfaces of a plurality of 

crowns and teeth, then the dental lab 26 can make ~e of library. of the -service 

centre 23, via communications netw~rk 24. Similarly, if the design is carried out 

at the dental clinic, the processor 52. may also make use of the library of the 

service centre·23, via communications network24. Altematively,.the system 50 

'may have its own digital library 35 of 3D spatial profiles of.shapes·or profiles of 

the ou~er surfaces of a plurality of crowns and teeth, .. operati.vely connected to a 

. processor 52 or other computer, as illustrated in Fig. 2, which comprises display · 

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

Referring to Fig. 4, in a first embodiment of the invention, -the method 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 cle_amess of the finish line 84, and optionally including ·the shoulder 

85. Th.us, having scanned the intra~ral cavity 200, in particular the target zone 
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including the preparation 80, finish lin.e 84 and shoulder _85, tbe processor 52 

then manipu.lates the resulting numerical entity W to identify the finish line 84. 

Tb.is may be done using any suitable algorithm .. For this purpose~ it may be 

advantageous for the entity W to also in.elude color components for. each surface · 

. point defined therein. The differentiation ofdental surface color between the hard 

· tissues and the soft tissues may be helpful in automatically defining the finish· 

line, as-described in. the aforesaid co-pending application entitled "METHOD · 

FOR PROVIDING DATA ASSOCIATED WITH THE INTRAORAL 

CAVITY". Generally, th.e shoulder type (e.g., porci:lain shoulder, metal collar 

and so on) should match and be suitable for th.e prosthesis it is desired to implant 

at the dental site. 

The geometry of the finish line 84 and optionally shoulder 85 may then be 

analysed ·by the processor 52 according to predeter.mfaed rules, to eetablish th_e 

relationship between the virtual finish Jfae thus identified, and the function whi_ch 

tb.e finish line 84 and optionally shoulder· 85 is to play in the mounting of the 

prosthesis to the preparation.· Such rules may comprise, for example one or more · 

of the following:-

the finish line is continuous about the 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 · preparation 80, lies within a. predetermined 

range; 

the thickness of . the shoulder 85 is substantially uniform along · the 

periphery thereof; . ·· 

there are no abrupt chan.ges in slope of tb.e finish line 84 along the 

periphery thereof; 

Th~ type of prosthe,sis to be implan.ted. 

It may then be established by the processor 52 whether the finish line 84 

and/or shoulder 85 comply with such rules, and can-then provide· feedback data 

_to the user. Such feedback data may take many. different forms. For example, in 

the positive, i.e., that the finish lin.e, for example, is adequate, the processor 52 
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may be adapted to transm.i.t a signal via display 54. Such a signal may bean audio 

or visual signal, such as for example the sound of a bell 51 of a particular · 

frequency or a colored light source 53 such as a green light,' wbi9h may light ·up 

and remain lit, or may blink, or the signa:1 may. be more complex, such as for 

. example a message on a screen stating thatJhe finish line is suitable. · 

In the negative, i.e., in cases where the finish line is not suitable according 

to the aforesaid rules, for example, the feed back data may· com.prise indications 

to the user as to where to modify the finish Hne 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 optionally also the shoulder 85 · 

highlighted thereon. Then, the zones of the finish line that require. furth.er work 
. . . 

may be cor,:i.trasted with respect to the finish line 84 an.cl/or the shoulder 85; for 

example. by coloring such zones jn a different color to the rest of· the im.age. 

Optionally, .zones may be. colored differently according. to the type. of work. 

required. For example~ 'zones deficient with respect to rule (a) above· .may be 

colored jn red, while those deficient with respect to rule (b) are colored in. ,blue, 

and so on.. 
. . 

Thus, suggested· changes to the fmish line may be displayed ori a two• 
. . 

dimensional representation of said dental preparation, via display 54, ·"'.herein 

said new finish line geometry may be superimposed over said representation. 

. . . 

·. Modification of the. finish line 84 and/or shoulder 85 typically requites a· 

material removing operation:, and aft_er doing so, the intra oral. cavity 200 may be 

re-scanned to provide a second numerical entity. The se.cond numerical entity, in. 

particular the portions thereof rela~g to· the finish line 84 or should~ 85, may 

then be analysed as before to determine whether the finish line 84 or shoulder 85 

are acceptable according to the predetenn.in.ed rules, and without reference to the 

. origjnal entity W. Alterna:tively, the second numerical entity may be compared 

with. the origin~ entity W, and any dev:iations between. the two entities may be 
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highlighted in displ.ay 54 in order t~ facilitate the next cycle of moclifiyation to 

the finish line. 

Alternatively, the processor 52 may simply display the numerical entity·. 

· and the highlighted finish li11e 84 and/or shoulder 85 on. display 54, and this· may 

at times represent sufficient· feedback data for enabling the user to inspect the · 

image thus created and to detennine in a subjective manner whether the finish 

line an.d/or the shoulder are suitable or not. In all cases, the processor 52 is 

suitably programmed to enable the numerical entities to be viewed at any suitable 

angle and lot-magnification. 

Optionally, the' numerical entity W may. be transmitted to one or more 

remote locations, such as for example a service center of dental lab 26;. to. be 

analysed th.ere by a computer (not shown), or by a skilled technician or an.other 

user. The computer or ski~led technician at the. dental lab 26 may th.en . 

communicate the results of the analysis . to the original user via tb.e 

comm.1.IJ?.iCation network 24, or a different communication network, for example 

via cellular phone .. Th.ese results may be in the fonn of n.umerical infonnation · · 

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

In a second embodiment of the invention, the method 10 is adapted. for . 

providing· feedback data regarding the suitability of the preparation to accept a 

prosthesis of a predetermined type. Alternatively, the method 10 according to this 

embodime.nt is adapted for providing· feed back data , regarding the type of . 

prosthesis that may be suitable for use with the preparation 80. In particular, it is 

desired lo .receive such feedback data referring to at least ·one predetermined 

.dimension, such as for example ·a characteristic th,icko.ess of a prosthesis with· 

respect to the geometry of the preparation and the adjacent t1::eth A and B. · 

Thus, having. scanned ~e intra.oral cavity 200, in particular the target zone· 

including th.e preparati~n. 80 and adjacent teed1 A and B, as described above, 

mutatis · mutandis, the. processor 52 tben,- manipulat~s· the. resulting numerical 

entity W to identify the extern.al surface 125 of,the. stump 82 of preparation 80 · 
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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 isolating the coping surface 

enclosed by the perimeter defined by the finish line and/or ·shoulder. Then, an . . .. 

external. 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. 

Tb.en the relationship between the external surface 1.25 (which is typically closely 

correlated-to the internal. surface 120 of tb.e crown 100) or of tbe internal surface. 

120, and the external surface 140 may th.en be analysed by the processor 52 

according to predetennined rules. This serves to establish the relationship 

between the thickness (referred to collectively herein. as t) of the walls of crown 

100, and tbe material from which the real crown (based e>n such a virtual crown 

100) is to be produced as a fuo.ction of the external surface 140 of the stump. 
. . . 

· · Typically, such a relationship i~ dependent on tbe material. from which the real .-

crown is to be made. Referring to Fig. S, such rule_s may comprise, fo:r. example 

one or more of the following:-

. the occlusa.1-gingival thickn.ess t1 between the apex 121 of the outer surface 

125 (or of the inner surface 120) aod the apex 141. of the_ crc;,wn 100; . 

the m.esiaJ.-distal thicknesses t2, ti, between the outer surface 125 ( or of the 

inner. surface 120) and the extern.al surface 140 of the crown. 100 at ·various 

occlusal-ging1vaJ. distances; 

the labial-lingual thickness. t3 ts, between the outer surface 125 (or. of the 

i.oner surface 120) and the external. surface 140 of the crown 100 at various 

occlusal-gingivaJ distances. The suitability of the stump 82 itself may ·also be 

analysed by s~itabJe rules, to determine, for example, if •it has sufficient­

mechanical strength to support the c;;rown. or o~er. prosthesis thereon. . For 

example, the volwne of the stump· ao.d/or other. critical thicknesses thereof may 

be detennined by the processor 52. In another example, the stump may be 

analysed to determine whether. here are any · discontinuities or under.cuts that 

would provide insertion path problems, and these may be highlighted an.d 

brought to the atte□tion. of the user. 

01.539618\3-03 

-25-



Rece~vea: ~1/25/04 9:06; 972 a 7109310 -> Nath ana Assoc~ates PLLC; Pag• ~~ 

. REINHOLD COHN 972 3 7109310 11/25 '04 15:44 N0.222 25/36 

- 23 -

It may then be established by the processor 52 whether the geometry of the 

stump 82. complies with such rules, and can then provide suitable fee~bc_1ck data 

to the user. Such feedback data may takem.any different forms. For example,dn~_--. ··­

the positive, i.e., that the stump 82 is adequate, the processor may be adapted to 

send a corresponding signal to display S4. Such a signal may be an. audio or 

visual signal, sue~ as for example the· sound of a bell of a particular frequency or. . 
a colored Ught such as a green light, which may light up and remain lit, or _may 

< .. • • :. .' ,.. ,. 

blink, or the signal may be more complex, sucli as a message on. a screen stating· · 

that the finish line is suitable. Of course such a sign.al. should be different -fr.om 

. that provided With respect to the first embodiment described above, when-both 

are available to the user . 

. In the negative, i.e., in cases where-the stump 82 is :not suitable acco~ding 

. to the aforesaid rules, for example, the feed back data may comprise indications· 

_to the user as folJows:- · 

To advise the user as to where to modify the stump 82 to achieve better. 
' . 

results; In th.is context, an ir_nage of the nwnerical entity W may be displayed in · 
' ' ' . 

the display 54, with. the stump highUghted thereon.. Then, the zones of the stump 
. . ' 

that .require further work may be contrasted with respect.to the stump ·s2, for 

example by coloring such zones in a different color. OptionaUy, zones may be 

colored differently according to the type of work required. For exam.pie, zones· 

deficierit"with respect to rule (a) above may be colored in .red, .while. tho.se 

deficient with respect to rule (b) are colored in blue, and so on. 

To advise the user that the stump 82, as is, provides a crown thickn.ess that 
' . . 

is too thick, and that therefore a filing composition needs to be added at least. to · 

some portions of the· stump. The display 54 · can then sh.ow where .to· add tl;le 

composition, and when this is done, the· intra oral cavity 200 may· be· rescanned t~ · 

determine_ haw and where to modify the stump. Alternatively; if the stump 84 is . 

totaHy unsuitable the processor 52 provides a suitable signal to be di.splayed by 

display 54, an.d it may be necessary to replace the stump 84 with a pivot, core or 

post. 
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To advise the user that although the stump is unsuitable for use with a · 

prosthesis made from one material (pre-defined), it may be suitable if the stump 

is made from a different material. For example, a stump made from PFM 

(Porcelaim Fused Metal) can be thinner than a whole ceramic crown. Therefore, 

if a PFM cro~n was originally decided upon,• it may be advisable to switch to a 

whole ceramic crown, and the processor 52 can deter.mi,ne whether the stump 82 

would be .suitable for such a crown. 

Modification of the stump 82 typically requires a material removing 

operation, and after doing so,. the intra oral cavity may be re-scanned to provide a .­

. second numerical entity. The second numerical entity, in particular the portions 

thereof relatin.g to the stump 82, may th.en be analysed as before to determine : 

whether the geometry _of the stump 82 is acceptable according to t);J.e 

predetermined rules, and without reference to tb.e original entity. Alternatively, 

such a second numerical entity may be compared with the original entity, and 

any deviations between the two. may be highlighted in display 54 in order to . 

facilitate the next cycle of modification to th~·stuirip 82. .-~ ..... 

• Alternatively, the processor 52 ~ay simply display' the iiuriierical entity 

and the highlighted stump 82 on display 54, and this may at times represent 

sufficient feedback for-enabling the user to io.spect the image thus created'.and to 

determine in a subjective manner whether the stump 82 is suitable or not. 
' ' -

Optionally, the numerical entity may be tra~.smitted to a remote location . 

. such. as for example a dental lab 26, to be-analysed there by a comp.uter (not 

shown), or by . a skilled. technician or another user. The computer or skilled 

technician may then communicate the results of the analysis to the original user 

via the communication network 24 to provide feedback data to the original user 

regarding the stump 82. 

In a thfrd embodiment, -the method 10 · is adapt~d for providing tb.e us~r. 
with feed_ back data regardjng the insertion path with respect to a preparation 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 µumerical. _entity of the intraoral cavity, 

m.cluding .in particular the part of the cavity comprising tb.e preparation. 

Optionally, and preferably, tl1e numerical entity also comprises 3D data of the ·· 
. ' . . 

teeth A, B adjacent to the preparation 80. The 3D numerical entity may be 

provided in a similar manner to that described herein, mutatis mutan.dis. 

In the next step, it. is desired to detennine whether the pr~aration is 
' . ~··· -, .· . 

suitable to receive a crown. prosthesis. One aspect of such a detennioation is to 

advise th.e user whether the preparation· 80 proyides an adequate insertion path 

for the crown: .In this connection, the processor 52 first identifies from the entity 

W the extern.al · surface 125 corresponding to the · part of the preparation onto 

which the crown is to be mouJJted (Fig. · 4), and suitable algorithms for this 

purpo$e may be created, possibly as described above for the secon.d embodiment, 

mutatis mutandis. Then, a virtual model 100 of the crown is either created.by the 

processor 52, or input thereto by the user·or a third party such as servicecenter or .. 

dental clinic 26, · for example. AJtematively, this process may be commenced 

with.a virtual model of the .coping 1.60. U1e crown model 100 must.be sjzed such. 

as to fit between the adjacent teeth A, B, and thus be . in abutting con.tact . 

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 · 

comprise key dim.eo.si.onal param.eters, such as for example the mesiodistal width 

of the tooth between the adjacent teeth A,· B. The crown model :io.o also 

comprises a full 3D represeTJ.tation of the internal 3D surface 125, which is 

typic.ally substaotiaJly complemen.tary to the extern.al -surface 120 of the 

preparation, optionally tak~g jn,to account an ~esive layer thickness that is to 

be introduced between the preparation and the said · internal surface. · The 

processor 52 then· calculates the in.sertion path. for the internaJ. surface 120. of the 

virtual crown 100, and then checks whether this path is. also .suitable .... for the 
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external surface 140 of the virtual crown 100. Alternatively, the processor 52 

calculates the insertion. path for the extern.al surface 140 of the virtual crown 100, 

and then checks whether th.is path is also suitable for the intern.al surface 120 of · 

the virtual crown 100. Ideally, the insertion path of the virtual crown 100 as a 

whole should enable the same to be maneuvered into position with respect to the 

· preparation without colliding with or· unduly interfering with other dental 

surfaces at or in the vicinity of the preparation.. 

For ex.ample, referring to Fig. 6, the geometry of. the preparation. 82 

approximates a right frustr.o~~onical coo.e, and the central axis 101 thereof is 

more or less perpendicular to the occlusal plane OP. In this. example, the 

insertion· path IP1 of the intern.al surface constrains the extern.al surface 140 to 

path IP2, which enables the external surface of the virtual crown 100 to be guided 

to the mounted position on the preparation with.out interfering or colliding with 

other parts of the dentition. ln.·the Example illustrated in Fig. 7, the geometry of 

the preparation is approximately that of a slanting frustro-convex cone, wherein 

the central axis 101 thereof is at a mini.mum. angle a. to the occhisal plan.e. ln this 

example, the. insertion path IP1' of the iritemal surface constrajns the external 

surface to path. IP2', which w<?uld result in the extema] surface.140 of the virtual 

· crown l.00 colliding with adjacent tooth B, and it would be impossible
0'to~ fi.t a 

. . . 

· real crown corresponding to the virtual cro-wn 100 with. such a preparation 

geometry. Similariy, in the example illustrated in Fig. 8, the insertion path IP2" 

of the external surface constrains the mternal surface to path IP.1 '.', which would · 

result in an undercut part .105 of the virtual crown. 100 colliding with the stump 

82, and it would be hripossible to fit a real crown ·corresponding to the virtual 

-crown 100 with such a preparation geometry. 

Optionally, and particularly when the geometry of the preparation is · 

similar to that shown in Fig. 8, another type of plan may be considered m place 

of or in conjunction with a material' removal plan. Having a slanting frusto­

conical profile for the preparation typically requires material to be removed until 

a substantial ·part of the overhanging portion. 88 of the stum.p 82 is removed. Such 
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a procedure may result in over-weakenfag of the stuµip 82. Instead, and 

according to the in.ven.tion, it is possible to create an internal surface of the virtual 

crown 100 that is not fully correlated to the external surface:· 125 of the stump 82, 

but only partially· correlated thereto, along areas thereof that are non-overlapping 

in the direction of the insertion path., e.g., in which there is no undercuts; 

However; regarding the overl.apping areas of the stwnp 82, i.e., the part of the 

stump· overshadowed by the overhanging portion 88 in the direction of the 

insertion path, it is instead possible to create a portion of the internal surface 120 

of the crown 100 corresponding thereto that is designed not to interfere or in. an.y 

way collide with the overlapping areas of the stump 82 when the same is 
. . 

install.ed via the appropriate insertion. path. The overlapping areas or zcin.es refer . 

to portions of the crown 100 which would need to be removed to prevent 
. . 

collision of the internal surface 120 of the crown 100 with. the stump 82. 

However, thi.s would leave a ~ubstantial cavity between the part of. the 
. . 

preparation and the correspondin.g part of the internal surface of the crown. This 

cavity is preferably filled by manufacturing an auxiliary prosthesis 121 having 

the sh.ape of this cavity, and then bonding the auxiliary prosthesis to the stump 

82, as illustrated in Fig. 9. Alternatively, suitable cement or filler material may be 

bonded to_ the overlapping areas, and these areas then subjected to a material · 

removal operation to provide the desired result. Particularly in such a case, but 

al.so for the previ.ous case in which an auxiliary prosthesis for the cavity i~ 

bonded in· place, the modified stump may be scanned to check the new geometry 

. of the modified preparation. 

· The insertion paths for prostheses are preferably substantiall.y rectiiinear, 

. to ease the user's task in. duplicating 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, aod/or in which the 

crown (i.e., first the v~al crown, and then the real crown) .can be ro.tated about 

one oi: more of three orthogonal. axes. 
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In some cases, there may be a plurality of possible insertion paths for the 

in.tern.al surface, or particularly for the external surface, and the processor 52 can 

attempt to match such paths. 

When m.ore than one matching pair of internal and external ·insertion paths · 

match, the various alternatives may be presented to the user by means of display 

54. · Additionally or alternatively, the processor ~2 may determin.e which 

matching pair is optimal, based_ on rules, or may" present the -different options io 

ascending or. descending order of preference, according to any predetermined 

criteria, such as for example requiring a minim.um. number of direction or 

rotational changes in the path. 

Preferably, display 54 displays an. ·image of the dental site 200, together 

with the predicted insertion path: of the in.tern.al surface and that of the external 

surface constrain_ed thereby, or vice versa, and the processor 52 also provides the 

necessary input to the display 54 to highlight any part of the adjacent teeth A,. B 

and/or preparation. 80 that interfere with the particular insertion path .. 

Alternatively, or additionally, when a situation such as tb.os_e illustrated in Figs. 

7, 8 arises, the processor·s2 may generate a suitable warning signal, audio.and/or 
- ' 

visual, warning the user that the insertion path for the current preparation 

-geometry .is not suitable, and that remedial action is required. 

ln particular, the processor may be programmed .. to determine possible . 

. plans for removing additional dental material from the preparation 80 to- enable a · 

suitable. insertion path to be provided. This may be accomplished in a number of 

ways. For example, the processor may detennine a particular suitable path for the 

external surface 140 of the virtual crown 100, for example the simplest and most · 

direct path, and then identify the zones of the .preparation which would need to be · 

. removed to prevent collision of the internal. surface of the croWJ,1- therewith, 

herein referred to as the "overlapping zones". However, since the internal surface. 

of the crown is a function. of the external geometry of the preparation, this 

procedure is preferably accomplished in a reiterative manner. That is, one~ the 

processor 52 identifies the overlapping zones, and removes, in a virtual manner, a _ 
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small part of the overlapping zone. TI1e amount of rem.oval ma?' be preset by the 

· user, an.d any increment is possible. Preferably, such. an amowit may be 

correlated to the minimum removal of material that is normally possible in an 

analogous real J.jfe situation. Toe processor -52 .th.en adjusts the geometry of the 

internal surface of the virtual crown 100 to take into accowit the new preparation .. 

geometry, and examines the insertion path of the inner surface with respect to the· 

new preparation geometry.· If there is still interferen.ce between the intero:al 

surface and the preparation, more material is removed in the virtual sense, the 
' . ' . 

geom~try. of the internal surface 120 adjusted, and the new internal surface 

insertion path re~examined for collision. Additional cycles may be performed 

until the external surface 125 of the preparation is suitably modified .to be 
com.pa,tible with the insertion path. 

In some ~ases, 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 

would provide a much weakened stump 82, according to pre~kn.own rules . 

Accordingly, the virtual procedure may be repeated, each time starting· 

with a different insertion_ path. for the extern.al surface 140, until a reasonable 

preparation geometry is arrived _at that is compatible with the external insertion. 

path and that is also reasonable according to such rules. 

Additionally or alternatively, other virtual procedures for modifying the 

. geometry of the preparation. may be accomplished. For example, such a . 

procedure.may involve a combination of reducing th.e overhanging portjoo1-.and · 

adding an auxiliary prosthesis 121. 

However;. it may be possible, that,· given the condition of the preparation. · 

and the t~pology of the adjacent dental surfaces, no· reasonable . m:odified . 

preparation geometry can. be· fouo.d. Such an outcome_ is· also feed back data that 

is presented to the user. 

TI1us, the geometry of such a preparation is optionally, and preferably; 

analysed according to such rules, an.d a suitable ~aming provided to the user 

when. the geometry of preparation is inherently unsuitable. The warning may be 
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audio/and or visual, and may_ be simple, such as a bip or series of bi.ps, or a 

fl.ashing light or lights, or may _be, complex for example an audio or a visual 

message, created by the processor 52, actually describing the · reason for the 

warning. For· example, such a warning could comprise an audio and/ot visual 

message stating 0 Warning! The stump geometry is defective! 11
• Where such 

warnings· are audio, the display 54 preferably comprises optional ear .phone or 

headphones that enable the user to hear the message, but not the patient, since· 

such a message may cause unnecessary alann. or anxiety to tb.e patient. Such 

· earphones or headphones may be operatively connected _to the processor 52 via 

suitable cables, or via remote link such as an infrared transmitter/receiver system, 

or may be integrated jnto. display 54, for example. A similar analysis and 

warning, where necessary, may be provided at th.e beginning of the exercise, and · 

thus alert the user that the original preparation is unsuitable., preferably listing the . 

reasons. In either case, where the present or virtually modified preparatipn is· 

inherently unsuitable, the processor 52 may be programmed to provide 

recommendations, such as to remove the preparation completely, and to replace it 

with a pivot core or post. 

On. the other hand, if the processor 52 determines one or more material 

removal plans for the preparation 80 which · theoreticaU.y yield a reasonable 

. preparation geometry compatjble with a possible insertion path, the different 

pl.ans may be displayed to the user, who can the choose one plan. Preferably, 

each plan·• comprises displaying the overlapping areas of the preparation. that 

require, to be modified, and the nature of the insertion. path. that is required for 

maneuvering the prosthesis into .place. Both factors _need to. be weighed· by the· 

user before deciding how to proceed. The aforementioned overlapping. areas can 

be displayed over an i~.age of the dentition (provided from the 3D"entity W), and 

preferably such an image can be manipulated, for example on a screen,· to enable 

the user to fully study the plan. . . 

Once a preparation modifi<;:ation plan is chosen, ~e user can modify the 

real preparation area in the intraoral cavity as · closely as pessible to th.e 
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overlappi~g areas marked in the virtual model (3D numerical e~tity). At any 

point in the material removal procedure, the user may re-scan the intraoral cavity 

· to check on th.e progress. For this purpose, the processor 52 may ·be further 

programmed to· effectively overlay ~e new numerical entity over the original 

entity, in. particular to highlight the ~fferences in geometry between the areas in· 

which .actual material removal has occurred and the overlapping areas which 

were. earmarked by the procedure for material rem.oval. Further, the process~r 52 

may be further programmed to detect with res~ect to these entities where 

. · material still 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 under~m.odified areas may be displayed in one color, say green, 

and then over modified areas may be· displayed in a different color, say red. 

P~eferably, should the presence of ove~-mo.dified areas be detected, 'i.e., areas : 

where too much material has been removed, the proc_essor 52 recalculates the 

insertion path and advises. the user whether the ·origin.al modification plan is still 

possible, or wheth.er the excess material removal requires a modification of the 

plan. Such a. modification. iri the plan may be determined in a similar manner to 

the origfrial plan, as · described above, milt a tis mutandis. Of course, it is also 

possible that th.e over modified . areas have now rendered · the ·preparation 

·unsuitable according to the afo.rementioned rules, and .the preparation 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 th.at is directly bonded on.to a preparation, such as for 
' ' 

example a metallic crown. For other types of crowns (for example ceramic · 
( 

crowns) that require a coping, the method is modified -to take •account of the 

coping geo~etry. Thus, the ·external ·surface 125 of . the · stump is . displaced · 

outwardly to create a virtual representation of a constant thickness coping. 

Alt_ematively, any other suitable· means may be us·ed to define the coping extem;l· 

surface. The internal surface 120 of the crown is then defined with· respect to the 
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external surface of the coping, and is typically complementary thereto, optionally 

taking into account a thin layer of adhesive. 

Tb.e above method may also be adapted for the purpose of providing a 

suitable insertion path for the coping itself, mutatis mutandis .. 

The methodology described above for the fa.section path of a crown may be 
' ' ' 

used, mutatis mu.tandis, for any dental restoration or dental prosthesis. In .the·case · 

of a bridge, m particular, preparations have to be created in the ~butment teeth on • 

either side of the missing tooth, and the geometries of both preparations need to 

be coo.sidered simuJtaneously in relation to the insertion path of the bridge as a 

unit. Thus, referring to Fig; 10, the preparation geometries iJJustrated allow the 

bridge 150 to be mounted via an insertion path 151, while the preparation 

geometries illustrated m Fig._ 11 do not provide a common insertion path for the 

bridge 150'. Th.us, in order for the insertion path for the bridge 150 to be suitable, 

the individual insertion paths for the two preparations must be· parallel, and 

moreover, such an insertion path must be such as to avoid collision of the bridge 

with the adjacent teeth A' ·and B'. In the analysis and design of modification 

plans for such cases, ~e processor 52 may provide one or more plans· for the 

oiodification of one or both of the preparations, substao.tially as described above 

for a crown, mutatis mutand[s. While .the cases illustrated in Figs. 10 and 11 
. . . . . 

relate to a 3-unit bridge, the aforegoing relates, mutatis mutandis, to a multiple 

rin.it bridge as well. 

The Fig. 12 Ulustrates a method 10' for providing f~edback data useful in 

at least one prosthodontic procedure associated with the intra ~ral cavity, in 

. . accordance with a second aspect of the . invention. In the second aspect of the 

invention, the method is concerned with ensuring that numericaJ en.tity W 

sufficiently .defines the area of interest of the intraoral cavity. The method 10' 

comprises the following basic steps: 
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Step ll': providing at least one numerical 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 de!ermine sufficiency of definition of 

said numerical entity in step 11' with respect to a first said' procedure, and 

providing sufficiency data representative of sajd sufficiency. 

Step 13': determining at least one relationship between said sufficiency 

data and said first procedure. 

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

relationship. 

Preferably, steps 11' to 14' .are carried out in a relatively. short space of 

time, more preferably in real. time or close thereto. 

For· all embodiments, the first step 11' of the· method according to the · 

present invention relates to providjng at least one numerical entity 'that. is 
,, 

representative of the three-dimensional surface. This _step is· carried in a similar 

manner to step 11 of Fig; 1, as described above, mutatis mutandis. 

Thus in step :t 1', scanner 32 of system 50 (Fig. 2) scans the area of interest 

of the io.traoral cavity and a numerical · ~tity corresponding . to the surface 

scanned is created by processor 52: and optionally displayed· by display 54. As 

with the first aspect of the invention, the data from the scanner niay ·be . , ' 

tran.smitted to a dental clinic 23; service centre 26, or consultancy centre 27, inter 

al.ia, fo~ creation of the numerical entity,. which. is then I transmitted to the 

processor 52 .. 

In siep 12\ the processor 52 (or indeed another computer in the aforesaid 

dental clinic 23, service centre 26, or consultancy centre 27, inter alia) analyses 

the numerical entity to dete~e the sufficiency ,of definitiori. of the numerical 

entity. The numerical entity.may be obtained in a single scan, or alternatively, the 

n.umeri.cal. entity is originally created by ·taking multiple scans of the target area, 

and stitching the numerical entities thus obtained together. In any case, the 
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processor 52 first checks whether the numerical entity lacks surface data in any 

particular part thereof. Such a lack of data may be due to tb.e user not passing th.e 

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· U', the scanner 31 may be· 

used for obtaining .high resolution numerical sub-entities representative of the 

surface topography witbjn the intra-oral cavity. Accordingly, different zones of 

the. intraoral cavity are sequentially scanned with scanner 31 to. provide the 

corresponding sub entities. Some of these Zones· typically partially overlap with 

. all the other zones, while other zones may only overlap with one or· two other 

zones, and thus theoretically the corresponding sub-entities should have a portion 

of their data identical to one another within the overlap zone. However~ since the 

scanner itself moves in orientation and.· position from scan to scan, . the 

coordinates relating to these overlap zones will usually vary between adjacent 

scans, even. though they relate to the same spatial feature. Nevertheless, by. 
. . . . 

identifying the overlap zone within the entities, . the spatial relationship between· 

the entities may be established, and the various entities stitched together or 

combined to fonn. a global nwn.erical entity that comprises the full geometry and 

color representation of the target zone. The larger the. overlap zone, the greater 

the accuracy with which 'the different zones may be syn~hronized or stitched 
. -

together spatially. Where the sub entities include color data of the intraoral cavity 

200, the actual stitching technique may applied to data points corresponding to . 

the hard tissues therein, whic.h have a different ·color to the soft tissues such as 

gums, for example as described in the aforesaid co-pending application entitled 

"METHOD FOR PROVIDING DATA ASSOCIATED WITH THE. 

INTRA ORAL 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 procedure is completed, the global 

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

which deter.mines that the density of data points in. some parts of the entity is 

below a predetermined value, indicative of a laclc of data thereat, for example. 

Addition.ally or altemati~ely, having provided to ~e processor 52 the type 

of procedure for which the numerical. entity is required, ·the pr.ocessor can analyse 

the num.erical eotit)' in a different manner to determine whether it is sufficiently 

defined for this purpose. For- example, having found quantitativeJy there is 

sufficient data, it is now necessary to detennine if qualitatively the data is . 

sufficient.· 
. . 

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

prosthesis, for _example as described above for. the first aspect of the invention, it 

is important for the finish Iioe to be well defined. Sometimes, parts of the fio.ish 

line may be defined on a dentaJ surface· th.at is close to orthogonal with respect to 

th.e occlusal piane. If a ccinfocai-type scanner is used at 31 fot pr.ovidm.g th.e 

sur.face data for tlds part of finish line, it is possible for the accuracy of definition 

of the finish line to be dimin.ished the closer to parallel the output face of the 

scanner is with r.espect to the occlusal plane. Greater accuracy could be obtained . 
.. J 

in the scanner is tum.ed to_ face the aforesaid dental surface close to face-on. rather 

than.close ·to edge-on. Accordio.gly, the processor S2 may detennine whether the 

def~tion -of the· finish !in~ is sufficiently. good, and this ·may be done by" 

comparing the orientation of the scanner 32 wi.th respect to the aforesaid dental 

surface, accordjng to preset criteria, for,examp~e. Thus, in step 13', the·processor · 

52 determin.es whether data is ,missing, or whether tq.e accuracy of th.e data of the 

numerical entity is insufficient. 

In. step 14', feedback data is generated to alert the user as to how to correct 

for the insufficiency of definition. For example, in the case where some sur.face 

areas of th.e entity are missing, the processor 52 first identifies the missing areas 

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

to scan the intra.oral cavity such as to provide~t:he missing surface &.ta. This 

information may be provided by display 54, for example by providing a graphical 
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image of the entity, with. the deficient areas marked hereon, and then arrows or · 

, markers with respect thereto showing the desired position of the scanner 31. Of . 

course, it m.ay be th.at more than one scan is required to make up for the mi.ssin.g 

da_ta, and the processor provides the required feedback ·data to· deal with each. . 

scan. 

Similarly, in the case where some surface areas ofth~ entity require better 

definition~ · the processor Si may compute the best ~gle -and position for the·_ 

scanner 31 to scan the intraoral cavity such as_ to provide better ·definition of 

those areas. This infonnation may also be provided .by display 54, for example by 

providing. a graphical image of the entity, and then arrows or rn.arkers with 
. . 

· respect thereto sh.owing the desired position of the scanner 31. _As before, more· 

than one scan may be required to provide tb.e higher accuracy data, an.d the 
. . . 

protessor provides the required feedback data to deal with each scan. Other parts 

requiring special definition may in.elude, for example, undercut -zones of the_ 

preparation. 

Furthermore, the processor may be programmed to alert the user when the 

entity_ is sufficiently well defined for the ·purpose for which it is. needed. In· such a 
. " . . 

case, the feedback data is deigned to alert the user that the· scan is complete, and 

may comprise a distinct visual or audio signal, similar.but distinguish.able from­

other audio/visual signals provided by display 54, as described herein~ mutati;S 

mutandis .. 

It shou~d be noted that the method 10' according to the second aspect of the 
invention may be carried out" in step 11 (Fig. l) of the fusf aspe.ct of the 

jnvention, such as to ensure that -the entity provided iri step 11 is sufficient for 

steps l2 to 14 thereof. 

Thus, in th.e _second· aspect of the jnvention, the feedback data may 

essentially be used to facilitate the acquisition of data that may be used to 
. . . 

construct the numerical entity for subseg_uent use, for example accordin.g to_.the . 

. . first. aspect of the invention. 
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According to the first and second aspects of the invention., the entity 

obtained by scanning via ·scanner 31 is-displayed in real time via display 54, and 

when the scanning is complete and acceptable, feedback data is provided alerting 

the user to this fact. 

Further, the present invention, according to the first and second _aspe~ts 

thereof, :may be _used solely to obtain verif!.cation that a particular preparation is 

in a suitable cond_ition for implanting a prosthesis. 

Further, the l;lllalysis of the scanned data, whether locally or at a.remote site. 

such as for exarriple the service .centerf 23, dental labs 26, and so on., typically. 

via suitable· algo~thms, may also use the following parameters: the type of 

· restoration required; patient . parameters - age, sex, origfa1, dental condition 

(implants in the scanned area, root canals, soft tissue condition, and· so on); -

· budget for the procedure, and so on. 

In the third aspect of the invention; the feedback data is essentially used in 

an interactive manner together with a material removing process to facilitate the 

performance of a pr:ocedure with respect to the intraoral cavity. · 

For example, the process for removing dental material to create the 

· preparation. m.ay be effected in a number of stages, at the end of each material 

removing stage the preparation area being scanned and display.ed in real time to 
' . ' " 

guide the dental practitioner as to how to proceed to the next stage, such as to 

provide an optimaJ preparation geometry. In particular, when the prosthesis is a 

b~idge, the system guides the practitioner to provide the one· of the preparati.on. 

· zones, and_ then based on. this geometry calculates an optimal geometry for the 

second preparation zone required for the bridge, and correspondingly guides the · 

practitioner accordingly. Al each material removing stage, the processor _5_2 re­

evaluates the full picture, and may· suggest that tb.e first preparation be modiffed 

instead of or in addition to the second preparation:· 
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At least the first aspect of the invention may be used with respect to a 

positive model of a dentition; in a· similar manner to that describ.ed above for a 

real dentition, mutatis mutandis. 

While the method of the invention has been described, based on a 

representation of swface information, the three dimensional entities in the oral 

cavity, such as for example the teeth gums and. so on, and also the 3D entitjes 

· that are' created by the system 50, including the preparation 10, for example, may 

be. described instead by solid representations or any other topographical or 

geometrical representations. 

· · In the method claims that foJlow, alphabetic characters and Roman numerals 

. used to designate. claim steps are provided for co.nvenience only and do not imply 

• any particular order ofperfonning the steps. 

Finally, it should be noted that the word "comprising" as used. throughout the 

appended claims is to be interpreted to mean "including but not limited to". 

\Vhil~ there has. been shown an.d disclosed· exemplary embodiments . in 

accordance with the invention, it will be appreciated that many changes may be 

made therein. without departing from the spirit of the invention. 
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CLAWS: 

t. A method for providing feedback data useful in. at least one 

prosthodontic procedure associated with the intra oral cavity, comprising: 

(a) providing at least one numerical entity representative of the three­

. dimensional surface geometry of at least part of tb.e intra-oral cavity; 

(b) manipulating said entity to provide desired data of a type useful in at 

least a first said procedure; 

( c) detennining at least· on.e relationship between said desired data and 

said first procedure; and 

( d) generating feedback data representative of said· at least one 

relationship. 

2. Method • according to claim 1, wherein dent.al material has been 

previously removed from said part of the intra-oral cavity by means of a second 

procedure .. 

3. Method· according to claim 1, wherein step· (c) comprises testiri.g an 

adequacy of said desired data for performing said ~rst procedure according to at 

least onepredetennined parameter. 

4. Method according to claim 3, wherein ~tep ( d) c;:omprises generating· 

feedback data representative of said adequacy. 

5. Method according· to· claim 3, wherein said first procedure comprises 

mounting. at -least one dental prosthesis with respect to a dental· preparation 
. . 

compri.sed in said intraoral cavity and provided prior to step (a).· 

6. Metb.od according to claim 5, wherein said desired data relates to ·the 

geometry of a finish lin.e assocfated with said dental preparation. 
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7. Method according to claim ·6; wherein step ( c) comprises det~min.ing 

whether or not the said finish line geometry is sujtable for re~eiving a prosthesis 

according to predeterm.ined parameters. 

8. - Method according to claim 7, ~herein said feedback data in step · ( d) 

~om.prises a suitable message advisi.ng.whether or not said finish Hne geometry is 

suitable, according to said determination in. step (c). 

9. Method according to claim 7, wherein in step ( c) it is determined that the _ 

. said finish line geometry is n.ot suitable for receiving a prosthesis according to 

predeterm.ined parameters, and further comprises the step: · 

( e) providing suggested changes to said finish line geometry such as to 

provide a new finish line geometry that is suitable -for receiving a prosthesis 

according to predetermined parameters. 

10. Method according to ·cl.aim 9, wherein said suggested changes are 

calculated according to predetermined rules .. 

· 11. Method according to claim 9, wherein sai.d suggested changes are 

displayed . on a two-dimensional representation of said dental preparation,, 

wherein said new finish line geometry is superimposed over said representation. 

12. Method according to claim 11, wb:erein a location of said existing finjsh 

line geometry is highlighted with respect to said new finish Une _geometry. 

13. · _ Method according to claim 9, further comprising repeating steps· (a) to· 

(d) after further material has been removed from. the preparation. to coofonn·.a 

finish. line thereof to ~aid new finish line geometry.· . . , 

· 14. · . Method according to clajm 9, further comprising repeating steps (a) to 

(d) com;mrrently with ·each ·step of a material removal."operation,· said .material 

removal operation being adapted to conform a finish line of said prep~ation· to 

said new finish. line geometry, wherein step (e) is perfon:n~d at each step of said ·_· 

material removal operation. 
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. 15.. Method according to claim :5, wherein. said desired data rel.ates _to an. 

insertion path geometry for said prosthesis with respect to said dental preparation 

and surrounding dental tissu¢s. 

16. Method according to claim 15, _wherejn. step· (c) comprises deteimining. 

whether or not the said insertion path geometry is suitab)e for enabling said 

prosthesis to be mounted with respect to said dental preparation. 

• . 17. Method according to claim. 16, wherein said feedback data comprises a· 

suitable- message advising whether or not said insertion path geometry is .suitable, 

according to said detennination in step (c). 

18. Method .according to claim 16, wherein in. step ( c) · it is detennined that 

the said mserti.on path geometry is not suitable for receiving a prosthesis · 

according to predetenn.ined parameters, and further comprises th.e step: 

(t) proyidin.g suggested changes to• said dental preparation such as to 

provide a new insertion path geometry that is suitable for receiving a prosthesis 

according to predetennin.ed parameters. 

19. Method · according to claim .18, wherein said suggested changes are 

· determined on the basis of identifying- overlapping areas between the prosthesis 

and the preparation1 and providing guidance as . to corresponding changes 

requjred in at least one of said prosthesis and said preparation: . · 

.20. · . Method , according to claim 18; wherein said s~ggested changes are 

displayed on a two-dimensional representation of said dental preparation, 

wherein said new insertion. · path geometry is superimposed .over said · · 

representation.. 

21. · Method according to claim l.8, further comprising repeating steps (a) to 

( d) after further material has been removed from the preparation to confonn said 

preparation to said new insertion path geometry. . 

22. Method according to claim 18, further comprising repeating steps-(a) to 

. ( d) c~ncurrently with each step of a material · removal operation, said material 

removal operation being adapted to said preparation t9 said new insertion path 

I 
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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. 

24. Method according to claim 5, wherein said desired data relates to at least 

one predetermined dimension between said : dental preparation and · said 

prosd1esis. 

25. Method according to claim 24, wherein step ( c) comprises determining 

. .whether or not the said at least one dimension is suitable for eriabling a prosthesis 

to be received according to predetermined parameters. • 

26. . Method according to claim 25 wherein said at least one dimension relates 

to a characteristic thickness of said prosthesis. 

27. Method ·according to claim 25, wherein said prosthesis comprises a 

ceramic cap that is mountable over-a metal coping bonded to said preparation . 

. 28. Method according to claim 25, wherein said prosthesis comprises a 

·. porcelain. fused to metal (PF~) cap. 

29. Method according to claim 25, wherein said feedback data comprises a· 

suitable message advising whether or not said at least one dimeo:sion is suitable, 

according to said determination in step ( c ). 

30.. Method according to claim 25,. wherein in step (c) it is determined that· 

· the said at least one dimension is .i;iot suitable for receiving a prosthesis according 

to predetennined parameters, an.d further co'mprises. the steI?: 

(e) providing suggested changes ·to preparation geometry such as to 

provide a dimension. that· is suitable for. receiving a prosthesis· according to.· 

predetennined parameters. 

31.. Method according to ~!aim 30, wherein.• said suggested changes are 

determined taking into •consideration the type of prosth.esis to be implanted at 

said preparation. 
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32. Method according to claim 30, wherein said suggested changes are 

· displayed on. a two-dimensional representation of said dental preparation., 

· wherein. said changes to . preparation geometry are superimposed over said 

represent.atioo.. . 

33. · · Method acc~rding to claim 30,'furtb.er comprising r,epeating steps (a)to 

( d) · after further material has been removed from the preparation to conform said 

preparation. to said new preparation geometry. 

34.. Method according to claim 30, further comprising repeating st~~s (a) to· 

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

removal . operation being· adapted to · conform :said preparation to said new 

preparation geometry, wherein step (e) is evaluated at each step ofsaid material 

removal operation . 

. 35. Method according to.daim 1, wherein step (a) is performed by scanning· 

said at least part of said intra oral cavity using a suitable 3D surface scarin.ei. · 

36. Method accordjng to claim 35, wherein.in step (c) said relation.ship is . 

insufficiently determined due to incomplete ··definition of numerical entity 

provided by step (a). 

37. · · Method according to claim 36, further . comprising the step · of 

determining the location of at least one area of .said intra ·oral cavity where 3D 

definition thereof is required for enabling step ( C) to be performed . 

. 38. Method according to chum 37, wherein said determination of the 

location of said at least one area is performed by suitable algorithms. 

39. Method according to clajm 37~ wherein said at least one area is displayed· 
.,t:r- .• 

on a two.::dimensional representation of said dent.al preparation., wherein said a~t_ 

least one area is superimposed over said representation. 
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40. Method according to claim 5 wherein said prosthesis comprises an.y one 

of an inlay on.lay, crown, bridge or restoration . 

. 41. · Method according to claim 1, wherein step (b) · comprises simulatin.g said 

procedure first with respect to said numerical entity to pr~~ide said desired data. 

42. Method according to clahn I_, wherein step (a) comprises the steps of: 

(i) scanning a part of said intra-oral cavity to provide a 3D numerical 

entity thereof; 

(ii). detemtining whether a definition of said 3D numerical entity is 

sufficient for enabling step ( c) to be performed; · 

(iii) . if said definition is insufficient, advising a user to continue scanning a 
. ' . . . . . 

different part of said intra-oral cavity, an.d repeating step (ii) until said 

. definition is sufficient, wherein step (v) is performed; . 

. (iv) if said definition is sufficient in. step (ii), proceeding with step (v); 

(v) advising a. user that said definition is sufficient; and proceeding with · 

steps (b) to (d). 

43. Method according to claim 1, ~herein in step (a), said numerical entity 

further comprises color data of said part of the intra oral cavity .. 

44. · Method according to claim. 43, wherein step (b) com.prises differentiating 

parts of said entity according to whether tb.e said color associated therewith is 

correlated with soft tissues or hard tissues of the intra oral cavity. 

45. Method as claimed in .claim 1, wherein step (a) is performed in one 

location., and at I.east orie of steps (b) to ( d) are performed in at ·least orie different 

location . 

. 46. · Method according to claim 1, wherein step (d) is provided substa~.tially 

in real-time with respect to step (a). 
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47.. Method of providing feedback data useful in. •at least .one prosthodontic 

procedure associated with the intra oral cavity, comprising: 

(i) providing at least one numerical entity representative of the three­

dimensional surface geometry of at least part of the intra-oral cavity that has· been 

. previously modified by means .of a first part of s.aid proce.dure; 

(ii) manipulating said entity to provide desired data useful in at least a 

· second part of said procedure;· 

(iii) testing adequacy of said desired data for perfon:r,-ing said second part 

of said procedure; and 

(iv) gen.era.ting' feedback data representative of said adequacy. 
' . . ' 

48. Method accordjng to claim 4 7, wherein said first part of said· procedure 

comprises a dental material removal operation in said intra-oral cavity. 

49. Method according to claim 47, wherein step (ii) comprises mauip~lating 

said entity- to determfo.e 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, an.d wherein step (iii) comprises detennining at 

least one relationship between said sufficiency data and said first pro~edure. 

50. Method. according to claim 47, wherein. said desired data relates to a 

measure of surface data definition of said entitt. 

51. System for providing feedback data useful in at least one prosthodontic 

procedure associated with the intra oral cavity comprising: 

(A) scanner means for ·providing at· least one · nume?~aJ entity 

representative of the ~ee-dimensional. surface geometry of. at least part of the 

intra-oral cayity ; 

(B) microprocessor means for manipulating said entity to provide desired· 

· ~ta of a type useful in at least a first said procedure, :and for determining at least 

one relationship between said desired data and said first procedure; and 
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(C) 01:,1tput means for outputting feedback data representative of said at 

least one relationship generated by said microprocessor means. 

52. System according to claim 51, wherein . said scanner comprises ~ 

confocal scanner. 

53. · - System according to. clam· 52, wherein said scanner comprises a 

· c'apability for providing color data as well as geometrical data of a surface. 

54. System according to claim 51, wherein said output means comprises a 

visual and/or audio display means. 

55. System according to claim 51, wherein. said microprocessor means is 

adapted _for operation according to a method as defined in any one of claims I to 

50. 

01539618\3·-03 

-49-



Heceiveo: 11/25/04 9:26; 

REINHOLD COHN 

11 

12 

\ ' 

13 

14 

.Fl Cr \ 

972 3 7109310 -> Nath and Ass·ociates PLLC; Page 15 

972 3 7109310 11/25 1 04 16:04 No:224 15/22 

11/25 1 04 ··14:·54 N0,471 02/09 

providing at least one num.cri.cal en:tity 

repr~sentative of the three~dimensional 

s~ geometry of. at least part of the 

intra-oral cavity from which dent.al 

· material ha& been. removed·· 

manipulating said entity to provide d~sired 

data of a type useful in at least a first said 

procedure 

determW.ng at least . one . relationship 

between said desired data. and said first 

procedure 

generating feedback data r.epresentative of 

said at least on_e relationship 

-50-



Received: 11/25/04 9:27; 972 3 7109310 -> Nath and Associates PLLC; Page 16 

REINHOLD COHN 972 3 7109310 

BJ 
J{ 

I G., :: 

2G 

11/25 '04 16:05 N0.224 16/22 

-11/25 · '04 14:54 N0.471 03/09 

w 
-------------,) 

'1. o0· 

wf 

-51-



Rece1ved; 11/25/04 9:27; 972 3 7109310 -> Nath and Assoc1ates PLLC; Page 17 

REINHOLD COHN 972 3 7109310 11/25 1 04 16:05 N0.224 17/22 

11/25 '04 14:54-NO~47J · 04/09. 

foO 

---· 

.....__ _____ \ 1. 0 

'2.. O 0 
.. , ... ,,(_. /. io 

~ i-2. ,,,. 
'-'--'-- 'l'-1 

-52-



Received: 11/25/04 9:27; 972 3 7109310 -> Nath and Associates PLLC; Page 18 

REINHOLD COHN 972 3 7109310 11/25. 1 04 16:05 N0.224 18/22 
1111. ,, 

. . 

. 11/25 ->•04 14:54 N0.471 05/09 

"', ~...,,. ' 
I 

\ \. t ~ 

f ' I 
I 

; () . 

~Of ... 

l 

-53-



Received: 11/25/04 9:27; 

. RE INHOLD COHN 
972 3 7109310 -> ~ath and Associates PLLC; Page 19 · 

972 3 7109310 11/25 '04 16:05 N0.224 19/22 
• 11 

11/25 '04 14:54. NOJ.1-71 06/09 · . 

. l 

-54-



REINHOLD COHN 
972 3 7109310 97a 3 7109310 .> Nath ana Assoo1ates PLLC; Page 20 

11/25 '04 16:05 N0.224 20122 

11/25 .'04 14:54. N0.471 07/09 

~o~ 
·,' 
')I 

" ~e. 
'?,i 

-55-



Received: .11 /25/04 9:28; 972 3 7109910 •> Nath and Associates PLLC; Page 21 

REINHOLD COHN 972 3 7109310 11'/25 '04 16:06 N0.224 21/22 

11/25 ·•04 .14:SS N0.471 08/09 

. ~--11· ~. 

-56-



. Rec~ived: 11./25/04. 9:28; 

RE INHOLD COHN 

12' 

13' 

14' 

Nat h and Associates PLLC; Page 22 
972 3 7109310 -> 

972 3 7109310 11/25 '04 16:06 N0.224 22/22 

start . 

providing at least one n.Ul'l1erlcal · exrtity 

represeo:tative . of tb.e three-dimensional 

surface geometcy of at least part of the 

intra-oral cavity from which dental 

material has bei;m removed · 

manipulating said entity to• detamine 

sufficiency of definition of said numerical 

· entity in step 11' -with respecl tci a first said 

procedure1 and providing suffid:iency data 

representative of said suffi.ciencr 

detemrining at least one (elatiooship 

between said sufiicien.cy data and said first 
procedure 

generatiog feedback ~ represjentatiye of 

said at least one relationship 

-57-



PATENT APPLICATION SERIAL NO. ______ _ 

11/29/2004 EABUBAK1 00000083 60630572 

01 FC:2005 80.00 OP 

PT0-1556 
(5/87) 

U.S. DEPARTMENT OF CO~f MER CE 
PATENT AND TRADEMARK OFFICE 

FEE RECORD SHEET 

-58-


	20529_60630572_11-26-2004_Transmittal of New Application
	20529_60630572_11-26-2004_Specification
	20529_60630572_11-26-2004_Claims
	20529_60630572_11-26-2004_Drawings-only black and white line drawings
	20529_60630572_11-26-2004_Fee Worksheet (SB06)



