- 9 SEP 2003 1 METHOD OF PRODUCI NG PROFI LED SHEETS AS PRCSTHESI S

FI ELD OF THE | NVENTI ON The present invention relates to prost heS|_s9 SEP 2003
production. In 5 particular, the present invention relates to the
maki ng of prostheses fromdata generated by conputer tonography (CT)
scanni ng. BACKGROUND OF THE | NVENTI ON Medi cal inplants, such as
titanium neshes, are often used for 10 cober i ng and protecting body
ti ssues by securing onto bone structures with defects. In

crani opl asty sur ger YIETAIQR 6§45 AIGOPAIGENGITRORBEDSHIEETS AS RROSTHESIS a
prosthetic inplant. Qher defects include mssing or deformed
patches in linbs, hip and jaw. Conventional nethods of fabricating
the inplants is by nanual bending of the 15 sheet to a shape
estimated to be able to cover the mssing or defective region based

on x-ray data. TRIELDEOHITHE INVENTIORN i naccurate, requiring
substantial nanipul ation by the surgeon during the actual inplant
operation. Traditional nethods of manufacturing prosthesis are also
pl agued by inherent He fpresent eElVBﬁtlemafﬂla@i ity prosthesisr girodudtidpnt hén
nodi fications used to produce the prosthesis. Thus the quality of
prostheses psoduparticular] te greseht jnventiBn $6RtEHES the making of prostheses

from data generated by computer tomography (CT) scanning.

BACKGROUND OF THE INVENTION

Medical implants, such as titanium meshes, are often used for

10 covering and protecting body tissues by securing onto bone
structures with defects. In cranioplasty surgery, a missing patch of the

skull is replaced by a prosthetic implant. Other defects include
missing' or deformed patches in limbs, hip and jaw. Conventional
methods of fabriCating the implants is by manual bending of the

15 sheet to a shape estimated to be able to cover the missing or
defective region based on x-ray data. The results are often inaccurate,
requiring substantial manipulation by the surgeon during the actual
implant operation. Traditional methods of manufacturing prosthesis

are also plagued by inherent difficulties in quantifying and recording

20  the modifications used to produce the prosthesis. Thus the quality of

prostheses produced varies greatly.



The conputerisation of contenporary manufacturing, together wth

conput er - ai ded design (CAD) and conputer aided engineering (CAD)g grp 2003

has ai ded advances in prosthesis design and manufacturing in the
medical field. 51t is therefore an object of the present invention
to provide an inproved nethod for designing and fabricating

prost heses. SUMVARY OF THE | NVENTI ON Accordingly, the present

i nvention provides a t fili Q. a substrat S.

pr ost hesi spf or a str lT(i:qt% upgrlq‘pg'gf%r&%ohnOg%ﬁgh%?r?ryrﬁaa%%g@g"?m‘W%f
ressworking technjque in which the substrate is pressed between a
Bunch and agcavi t"{){'ﬂﬁam#%f-@'%ﬁm&?égrbr@é@)i%comnag% aidednhengineering
prosthesis. The punch and cavity of the nould contains a profile
that is conputer (§éFrbae@idatiaduancasein prosthesieldesign andlmarhdacturing
patient's profile and to give the nost natural and fitting
prosthesis. Theimptiesemgdicaitfleddl uses a set of 2-dinmensional (2D) CT
scans of the region around the defect and converts theminto a 3

di mensional (3D) di ﬂi_t al nodel, after which a prototype of the
defective re§ion i s Mdptiherripres aprekieeteal e psmsant pnuentigmitagrovide an
techni ques. A 3D digital 20 replacenent of the defect is then

gener at ed and uséuptavedi miettzdd for dnsig;mingcandafabﬁbami% Pfﬁthéseﬂg tool s
after which the actual punch and nould are physically produced. The
substrate, for exanple a titanium9 SEP 2003 3

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method of profiling

10 a substrate as prosthesis for a structural defect in a patient. The
method emp_loys a pressworking technique in which the substrate is
pfessed between a punch and a cavity mould to form the prescribed
shape of the prosthesis. The punch and cavity of the mould contains

a profile that is computer generated and designed to closely match

15 the patient’s profile and to give the most natural and fitting prosthesis.
The present method uses a set of 2-dimensional (2D) CT scans of

the region around the defect and converts them into a 3 dimensional

(3D) digital model, after which a prototype of the defective region is
optionally produced by rapid prototyping techniques. A 3D digital

20 replacement of the defect is then generated and used to digitally
construct a set of profiling tools after which the actual punch and

mould are physiéally produced. The substrate, for example a titanium



mesh, can then be pressed between the punch and nould to form the
desired profiled prosthesis. In the preferred enbodi nent, further
touch-up can be optionally perforned using the prototype of «8&EP 2003
defective region before the 5 prosthesis is sent for sterilisation
and inplanting by a surgeon. The present invention allows the
fabrication of nore accurate parts, and al3so has the advantage of
being fast and | ess | aboripus. Further e, the digital data can be
stored and conpi |'£'83th8“48€'&£%85?§§9@ goﬁi‘WﬁQ:Rh? L[Pt”gFé s imeidd gy fasen
sourced. 10 BRI EF, DESCRI PTI ON OF THE DRAWNGS Figure 1 is a flow

di agram to show tthe ¢rsifes peiiledvbeesthesis. of the present invention.
Figure 2 is a flow chart to show the results of the threshol ding and

15 regi ongrow ng mani i n can.data. Fiqure S

3-di nensi onal (gD) né'gg':‘g%’k&%ﬁ?@u‘?’}‘g%ﬁe@* ﬁ‘bﬁ"éefotf’uc'ﬁi”%s?% . Pefionally
an exanple of a defectiv re'%:ji on. Figures 4A and 4B are flow di agrans
toillustrate twd rﬁlﬁﬂg Ysing ct?‘éapl' glyresef dheyidedectivepregienebeforerthe

defect according to the present 20 invention. B ALP 2003 4 Figures
5A-5C shows tthe imagﬂr_@s;sr sz dor sieriisaiiauandtimptantingt e a surgeon.

The present invention allows the fabrication of more accurate
parts, and also has the advantage of being fast and less laborious.
Furthermore, the digital data can be stored and compiled into a

databank from which future designs may be sourced.
10
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow diagram to show the preferred embodiment of the

present invention.

Figure 2 is a flow chart to show the results of the thresholding and

15 regiongrowing manipulations on the CT scan data.

Figure 3 is a 3-dimensional (3D) model of a skull with a hole or

missing patch as an example of a defective region.

Figures 4A and 4B are flow diagrams to illustrate two methods of
creating a 3D digital replacement for a defect according to the present

20 invention.



mrroring technique. Figures 6A and 6B are flow diagrans to show a
nmet hod of creating the profiling tools according to the presentp 2403
invention. 5 Figure 7 is a flow diagramto show t he net hod of ¥
creating a 2D surface froma digital replacenment according to step
105b. DESCRI PTI ON OF THE | NVENTI ON The fol |l ow ng detail ed

description describes various enbodiments4 or inplementing the
esent invention One skilled in

der |l yi i | :
the ary Shonl d arblGHGS A 5% ST IH& RBRaeh Browaa arganisis: siepsonf s

meant to be illustrative of the present invention, and should not be
construed as Ii mmlfﬁy'ﬂ!-hée%ﬂlm pl es discussed herein. As one
skilled in the art will appreciate, there may be dlff;-:-rent sof][ware
capabl e of achi ey ) d i be The 15 eci fic,exanpl es
and sof t ware descr—: ggrécf §'F“eé'ﬁ£§§ %%Cf!e % ms iﬂ?ﬁ Vnd t'HE thog| Phgreafing
di scussion, and ipn the_claj the terns "including", "having" and
"conprising" are tB?eﬂiOﬂH‘ arcIAmgto thedHesent inventianus shoul d be
interpretedto mean |nclud|ng but not Ilmtedto ....... : Thglterm
"defect"” is ed er, e efer undesi rabl e
area or patchbst haﬁan%egglér glp %@er&réﬁférﬂc Q/éﬁoﬂ'g%b atgﬁﬂfB clling a

i ncludin but not ed t fractures and deforned
structurgs part i4 a&?l W'Hd%a'@?F[ﬁﬁ'@ﬁ%emsmwﬁgttﬂét?ﬁa\ﬂ/%b 9 SEP 20
93 5

DESCRIPTION OF THE INVENTION

The following detailed description describes various
embodiments for implementing the underlying principles of the

10 present invention. One skilled in the art should understand, however,
that the follqwing description is meant to be illustrative of the present
invention, and should not be construed as limiting the principles
discussed herein. As one skilled in the art will appreciate, there may

be different software capable of achieving the steps described. The

15 specific examples and software described are used as examples
only. In the following discussion, and in the claims the terms
“including”, “having” and “comprising” are used in an open-ended
fashion, and thus should be interpreted to mean “including but not
limited to ....... ". The term “defect” is used in a generic sense to refer to

20 any undesirable area or patch that needs replacement, covering or
reinforcement, including, but not limited to, hole, fractures and

deformed structures, particularly bone structures, such as the jaw,



linb, hip or skull. The term "prosthesis” is used in a general sense
to refer to any artificial structures that are fabricated usjngpt hm3
present invention for replacenent, reinforcenent or cosnetic

pur poses. For exanple, the prosthesis may be a reinforcenment |ink
that can be 5 bolted onto the two sides of a fracture, or netallic
profiles that can be added onto the surfates of bones to alter the

general ot hod of s f PF RbunfHe oo, Afeaikis R Bkt a WhiBeeonss 40

t he present invention. Each.of these steps 10 (101 to 106) wll| be
described in det STEF &Pew.amfféaa'egw?ws B érﬁxigftﬂﬁat%} é'&iﬂg thg presgnt
hole or mssing patch will be used as an exanple to explain the

met hod. The fi rsinvendipn for replagaeingel deifercementor aosmetist apwposae. For
patient around the region of the defect. The paraneters of the CT

scanni ng 15 procegample,t thgeptusthesis hnidyebs caneidr@entsrt ik githti 649 lve
conputer. The CT data format is converted to generic inage format

using, for gxampbged bﬂf@ﬂ@cﬂdoviﬁdé@@if ﬁaffadtlﬁﬁgﬁr q‘ﬁ@farllfyl 8\A§g‘lﬁ%§fenat can be

(MMCS) software from Materialise, Belgium This a

genoration of cordurdciioterSidtes 8 bnes R RlisT e "ifidiAfie pof the
order to define exactly the object to be visualized or produced in
3D (step 102), sé’éﬁ’é@ﬂtd’tﬁ'wtﬁ?bpﬁ%- CT scan data is required. In this
case, the defective region is the top half of the skull that has a

hol e Figure 1 shows a general method of profiling and producing a
prosthesis according to the present invention. Each of these steps

10 (101 to 106) will be described in detail below. For ease of

explanation, a skull with a hole or missing patch will be used as an

example to explain the method.

The first step 101 is to generate the CT scan data of the patient

around the region of the defect. The parameters of the CT scanning

15 procedure, together with the scan data, are saved into a computer.
The CT data format is converted to generic image format using, for
example, Interactive Medical Image Control System (MIMICS) software

from .Materialise, Belgium. This allows the visualization and
segmentation of the CT images and also the generation of coloured

20 3D models of the defective region.

In order to define exactly the object to be visualized or produced
in 3D (step 102), segmentation of the CT scan data is required. In this

case, the defective region is the top half of the skull that has a hole



- 9 SEP 2-093 due to missing bone tissue, and the object to be
visualised is the surrounding bone structure. Using the MM CS
software, 3 steps are generally perfornmed (1) threshol ding; (PZEZE‘ .
region growing and (3) nanual editing. 5 The threshol ding te8 'Pqui%ﬁ?’
is shown in greater detail in Fig. 2. This technique exploits the
differences in density of different tissue® to select inmage pixels

with a higher or ual . rescri bed ., .t hreshold val ue, .
Si nce bone ti ssued%%ag) Fﬂ\%ﬁﬁﬁ égﬁéﬂﬁﬁg?hﬁqdb i ﬂbjeﬁé&f B? ‘i'i@'%ﬁ&fsd*‘r dbe
or skin etc., the bone fissue 112 can be 10 sequentially selected. In
Fig.2, the head fﬂﬂ&“ﬂé'%gpf‘?oﬂwt%ow"w the, MIMIGS sgftwave.c2 staps are
The regiongrowi ng technique is used after thresholding to i_sol ate
the area whi ch hgenerallyspedomeedi t(f) thresbolding;af2) regiom egramdng and t (3
bone tissue under study. 15 Manual editing is used to perform |l ocal
corrections and heanuatraiiingioi se fromthe segnented object. The image
is then converted into a 3D CAD nodel of the defective region, as
shown in Fig.3. Inthis Eﬁi@gure., the defect is an anterior hole 113
of a skull 134, andTh@dhigshelding de¢hnjnue is showa irogreater defailt ineFig. 2.
defective skull. A 20 suitable software, such as the CT-Mdeller.
Program from Mat dhisatéchajque expisitsl the differene¢= i densify ofdiiifdrent tissude
3D Medical inage constructed earlier using the MMCS nodule. A
prototype or phygs §8lect image pixels with a higher or equal value to the prescribed
threshold value. Since bone tissue has higher density than brain
matter 110, muscles or skin efc., the bone tissue 112 can be
10 sequentially selected. In Fig.2, the head 112a is positioned above a

supporting device 111.

The regiongrowing technique is used after thresholding to
isolate the area which has the same density range but are not related

to the bone tissue under study.

15 Manual editing is used to perform local corrections and to
remove noise from the segmented dbject. The image is then
converted into a 3D CAD model of the defective region, as shown in
Fig.3. In this figure, the defect is an anterior hole 113 of a skull 114,
and the defective region is the top half of the defective skull. A

20 sditable software, such as the CT-Modeller Program from Materialise,
is used to generate the STL model from the 3D Medical image
constructed earlier using the MIMICS module. A prototype or physical

model of the defective region can then be produced using a rapid



nodel of the defective region can then be produced using a rapid - 9
SEP 2003 7 prototyping machi ne that accepts digital data in STL

format (step 103). Step 104 of Fig. 1 is the generation of 1lgeSBD® 2003
(CAD data) digital replacenent for the defect. This step first
requires the generation of 5 the 3D digital data of the defect (in
this exanple, it is a patch that closes up7the hole). There are two

exanpl es of how this, 3D digital epl acenent.. na e optained, as
shown in Figures P&%%MP&"&@%%BF& ah ACCPP df%taii‘giﬁ?e@ PALafermat. Gdep
a mrroring techniggue may be used if the defect is on one side of a

bone structure tA88)-has a 10 natural symmetry. For exanple, the
defect is a hole on one side of the skull, and the other side of the

skul | constitutes pag}.o0 h D CAD,, data of. th ef j regiaon..
This mirroring techn?g" eflpé(ﬂ?ﬁ 's@%we ggﬁ?rgbof‘ﬁgtﬁ%@ﬁ&é@t%}g& igial
of the skull 120 and repositions a mrror imge 123 of the copy onto
t he defective hafqpqﬁgémﬁgt {1t defeet; d hispstepshirst sequires dhe igeneration of
performed on the repositioned mrror inmage from the defective side
of the origifal #HleuBD digitabtdata of Hiee fetitdint this e>aphpleciteist alpdichothat
the hole. Any excess portions nmay be renoved and errors corrected.

Referring now toclosgs épthd ReldyRTRBI @ré ewH r&ﬁﬁ@plé@yofﬂg?w?gﬁ g?e)g‘iegr%ttal

instead of the mrroring technique to obtain the digit
replacement may be obtained, as shown in Figures 4A and 4B.

Referring first to Figures 4A and 5A-5C, a mirroring technique

may be used if the defect is on one side of a bone structure that has a

10 natural symmetry. For example, the defect is a hole on one side of the
skull, and the other side of the skull constitutes part of the 3D CAD

data of the defective region. This mirroring technique isolates and
copies the non-defective half of the skull 120 and repositions a mirror
image 123 of the copy onto the defective half 122 as shown in Fig.5B.

15 Subtraction is then performed on the repositioned mirror image from
the defective side of the original skull to obtain the 3D digital
replacement 124 for the hole. Any excess portions may be removed

and errors corrected.

Referring now to Fig. 4B, the matching technique may be used

20 instead of the mirroring technique to obtain the digital replacement.
This technique is most useful for replacement of missing patches

that do not have any available non-defective counterpart within the CT

scan data of the patient. For example, anterior and posterior cranial



This technique is nost useful for replacenent of m ssing patches

that do not have any avail abl e non-defective counterpart within the
CT scan data of the patient. For exanple, anterior and poste SaP 2003
cranial - 9 SEP 2003 8 defects cannot be replaced by the mrroring
technique. In the matching technique, the 3D CAD data or CT scan
data fromother normal people are collect®d and stored in a

dat abank. A seargh, i t hen conducted on the databank to find a
suitabl e match a@e@cﬁs reaolnee . fﬁﬂl@C‘%(gf By e‘ﬁ'@e migroring; deepigue. In the

repositioned, superinposed and subtracted a%ai nst the defective
skul | to obtain Mmachingi teghniqueptae Sk MAD data los CEfstamdata ifidm other
itself has holes or other defects (such as conplete matching

probl ens) and canomhalepéeplel ard yoliested aridhetatedicinta datfleinkOA searchTy
be perfornmed on nultiple reference 10 skulls to create a suitable

digital replacengn coh8ustetoBnothedldatdbtmk tOHiRd d ?@@E,{%@g@ﬁ%&%

obt ai ned and subtracted fromthe original defectiv taln
the digital gepl ) nyant ed por.tions i s manual |
emved. ot e 10EToTEey fE AR, o 1L Y FRpB3opRE” supstimposed
profiling 15 too\l}\’i fromthg 3D digital replacenent. Two methods for
doing so are shdlfh S¥PtraQad cagainshhesdefactive nekwhifadioktain e vdidital
solid arrows in Fig.6A, the digital punch and cavity nmould are
conpl et el y conputaplachrsenfndiitienreference skull itself has holes or other defects
(such as complete matching problems) and cannot effectively cover
the defect, superposition may be performed on multiple reference
10 skulls to create a suitable digital replacement. The union of all the
copied images can then be obtained and subtracted from the original

defective skull to obtain the digital replacement. Any excess or

unwanted portions is manually removed.

Step 105 in Figure 1 involves the making of the actual profiling
15  tools from the 3D digital replacement. Two methods for doing so are

shown in Figures 6A and 6B.

In the embodiment shown in solid arrows in Fig.6A, the digital
punch and cavity mould are completely computer designed in
stereolithography (STL) format, without the need to fabricate any

20  actual prototypes. In-this computer design method, the punch and
cavity mould are designed with reference to the digital replacement
created from the aforementioned methods using, as an example, the

Surfacer software from Imageware, USA.



stereolithography (STL) format, without the need to fabricate any 20
actual prototypes. In this conputer design nethod, the punch and
cavity nmould are designed with reference to the digital repl&Q&repid3
created fromthe aforenentioned net hods using, as an exanple, the
Surfacer software from I mageware, USA. - 9 SEP 2003 9 In the nethod
shown in path 105a, the digital punch is cteated by first adding a

boundary al | owance of,,.for gxa e, 10-1 he ,.edge or  boundar
of the digital repl a'é‘etHSrfP?ﬁ‘ﬂfﬁg%?‘Hﬂn' i%%méﬁsoat € %{jﬂ%dﬁwhaﬁ 8(/%%%@
may be determ ned according to the needs of the 5 users. Since the
digital replace )ﬁ%r$tsa@'i‘ﬂ adrqupdary alewaneg ef, der exargple, 110-E5mm 4o the
portion of a skull, the hollow part of the shell is digitally filled

and a hol der addedge ®rdrasudary béthi digital replacément.t iee cimensions of dthe
create the digital cavity nmould with the appropriate profile from

path 105a, the Boghddary a}m@mcé&nagfb@edetawniﬁed%@baﬁﬁg@éthé AEEHH®F $he
to cater 10 for the thickness of the substrate during pressworking.

For exanple,. fo tid:anl I LkE

profile of the purah é.@%?‘ﬁé%@@%?@%%*ﬁ“&iﬂ%ﬁ%ﬁﬁ‘:ﬁﬁit%ﬁé&e of a
reated and the Q. 5pm enl arged digital ,punch subtracte refromto
gr eate a cavity ?'ﬁg‘m%g' ad9reen < @%k@héﬁ‘?jSSP?‘ﬁlpad{a\?f fhe ﬁi?ﬁﬁdsi digitally
created after adding slots on 15 the nmould for | _ocati&gzﬁpur poses
during presswor kﬁllﬁgig and ehBolder adldeddlortraate thecdigitalcpunoidimthe compater.

then physically fabricated using
To create the digital cavity mould with the appropriate profile from path

10543, the digital punch is offset by an appropriate thickness to cater
10 for the thickness of the substrate during pressworking. For example,
for a titanium mesh plate of 0.5mm thickness, the profile of the punch
is offset by 0.5mm. A solid block is then created and the 0.5mm-
enlarged digital punch subtracted therefrom to create a cavity in the
solid block. The digital cavity mould is created after adding slots on
15 the mould for locating purposes during pressworking on the press
machine. The punch and mould are then physically fabricated using
rapid prototyping techniques, for example, selective laser sintering

(SLS).

An alternative computer design method as shown by path 105b

20 in Fig. 6A, and illustrated in greater detail in Figure 7. In this
technique, a cross-section 124a along line AA is made across the
digital replacement of the defect 124. The points 133 connecting the

upper and lower surfaces of the 3D digital replacement are removed



rapi d prototyping techni ques, for exanple, selective |aser sintering
(SLS). An alternative conputer design nethod as shown by path 105b
20 in Fig. 6A, and illustrated in greater detail in Fi gur-egﬁtﬂ A0%hi s
techni que, a cross-section 124a along line A-Ais made across the
digital replacenent of the defect 124. The points 133 connecting the
upper and | ower surfaces of the 3D digitallOrepl acenent are renoved -

9 SEP 2003 10 beyond cat.i ons The renuai ni ng, poi nts can be .

di vi ded into 2 W@t &Cahﬂas sh%g(el[h? éﬁmwi?@ﬂpné’aﬂptb%r‘:ﬁyﬁ'?ga@@ 2
131 of the 3D digital replacenment, the other subset representing the
| oner surface 13bsets pEesshset Aepresatinge entippeie sudaes k3ddof then3D
one- subset by 5 separating the two surfaces. This is done by

sel ecting the pdigital tepdaceraent, \the lotimerasudeset aepresexting nthei Bwancsurface
apart. Those that are farther away (i.e. those that represent the

non-sel ect ed sur{3Ee) they Samé SARYEGurfade Hiag 1R GERERLSD B idhe bR By
the points on the upper surface 131 are SeleCted and the points on

creat d by it r e A ey fud SUREEs. Thig 8 kRl I SEetid 166 Dol ndf
cavi ty moul d i 5 YEreinen cBIAN MekmisRy SteNcR paRr 1Bese abyre, farieer
di stance to create profile 136 to account for the thickness of the
prost hesis. Anotavway dii.gi ttiosel daat r1epresent the non-selected surface) are
removed. In the example shown in Figure 7, the points on the upper
surface 131 are selected and the points on the lower surface 132 are
10 removed. A digital punch 135 can then be created by introducing a
digital solid block 134, and subtracting the 2D upper surface 131 from
the digital solid block 134. The cavity mould is generated by first
offsetting surface 131 by a small distance to create profile 136 to
account for the thickness of the prosthesis. Another digital block 138,

15 is then created and subtracted with surface 136 to create the cavity

mould 140.

Referring now to Fig. 6B, this embodiment uses reverse
engineéring techniques that requires the making of the physical
prototypes of the defective region (referred to as defective region

20 prototype) and the replacement part (referred to as replacement
prototype). Th'ese physical prototypes may be fabricated with a rapid
prototyping machine using the 3D CAD data of the defective region (a

hole in the skull in the example given) and the 3D digital replacement



15 is then created and subtracted with surface 136 to create the
cavity nould 140. Referring nowto Fig. 6B, this enbodi rreg 5 880s
reverse engineering techniques that requires the making o %
physical prototypes of the defective region (referred to as
defective region 20 prototype) and the repl acenent part (referred to
as replacenent prototype). These physicalllprot otypes may be

fabricated with 0 chi the 3D CAD data o
the defective reg‘l %ﬁek(% %c‘ﬁ‘ee {e:/gﬁ%qr,{egmg@ rpﬁrlﬁ @Meee’&i“ve g'é(ﬁH;
the 3D digital repl acepent - S E P 2003 11 in STL format (the

repl acement par t Oignad, gy teg @ﬁthogﬁéseﬂﬁﬁ%h?dg?b@\fs Opge dhe duoiefynen of
net hods as descri bed above. Once the prototype of the defective
region and the rihel defeotive rqgion andethebtepilacainehie padrare dbtaired they are
together to forma reconstructed prototype (for exanple, a 5

reconstruction ofitddhdogdtbl tof forme ababi@istluctdd epictstPpst (foictekdmple, a

prototype is then scanned into a corrput er to forma set of 3D points

Gigitiser. &g Mo L‘%‘?““U#ﬁ?n CORRA IR pRhEL T sﬁggﬁﬁh&ﬂe@m@%@e

reconstructed fro he set of.points. The i taI nd dr ital
10 cavity noul d,’ OWW f’ﬁ% 3 GOBIRULeT glr @ﬁ/ dOf then

t hen be created by vari ous net hods I n one net hod the 2D surface is
used to gener at eregonsisuctipux. hTher seanniogi mayy h@rcﬂ%ﬁxme&h ysiogn ai daser

digitiser, e.g. Mercury from Matuo, Japan. A 2D surface can then be
reconstructed from the set of points. The digital punch and digital
10 cavity mould, followed by the physical punch and cavity mould, can
then be created by various methods. In one method, the 2D surface is
used to generate a tool path for a machining process, as shown in
path 105m e.g. using Unigraphics software. The mould and punch
are then fabricated by conventional machining methods such as high
15 speed computer numerical control milling. In an alternative method of
generating the digital punch and digital cavity mold is shown in step
105n of Fig. 6B. This is the same technique as described for step
105b and Figure 6A, whereby a digital punch is created by introducing
a digital solid block, and subtracting the 2D surface from the digital
20 solid block. The cavity mould is generated by offsetting the profile of
the punch by a small distance to account for the thickness of the

prosthesis, and subtracting with the mould to create the cavity mould.



i i i d punchg a5
ath 105me.g. using Unigraphics software. The nmould an UNCRepagiag
Itohen fabri catged by conventional nachining methods such as hi gﬁ ES f
speed conputer numerical control mlling. In an alternative nmethod o
generating the digital punch and digital cavity nold is shown in step

105n of Fig. 6B. This is the sane techni que, as described for step

105b and Figure 6A, whereby a digital punchSs created by introducing

digital solid bl ockTherattsalproatidsid id hebrAtsd bl 358w O iques
Si g: ?al 20 solid block. The cta?/i ty mould 1I's genergf‘gg %y @%iggf;h?ﬂ
ce.to account for the

file of thgj S i n ( .

miecllg;gs!s of the uglr s’? Qg?%malgh sﬂt?ggr'ﬁéé?'ﬂ% 'WVYI'HC? ﬁeswhﬁtj{laieiﬂg F:rsssed
te the cavit d. .- 9 SE P 2003 12 The actual prosthes

1(‘: ;g?i gat ed by pr)e/s?g%‘%%mf?%’lq%h‘i‘ gavity yonld tor greatextheptiesire prafils. The

machine in which a substrate is pressed between the punch and cavity

Id to create tRuD¥ERE ﬁti*Ypb%far’lyemaIHTéalsquﬂredtb/ thay uber, Ut is typi iy
g?eri al required by the user, but is typically 5 bioconpatible, gfa

hi gh i npact s&r enbiocompehtibée- ¢fi liigk drripdieblserehgth gnaeﬁwgweg%amguhe}la

i [ |  proSthesis use
prosthesis. For cranioplasty, a typica f
i i i massis a sl . la r than the surface,
area of the defect ! SUAEERIS bREMAS “E8 et OakRBuare) Ypical

area of the defect. The extra ar 2 Sther 10 attachment devi ces
ot eur per. ATPEMesIL Y A0 TR Trekd, Rk Wraponanemesstiohty
against the prot OltaYé)eer f?lfant hee gS;faegé Iavrga‘ of the defect. The extra area (ie. the
boundary allowance) is used for the placement of screws and other
10 attachment devices during surgery. After pressworking, the
prosthesis may be checked against the prototype of the defective

region, and touching up and trimming may be performed to give the

best fit.

Other prosthesis that can be fabricated using the present

15 invention includes titanium or other metal links that are used to
support a fractured bone structure. For example, a fractured hip may

be reinforced for quicker recovery by providing a metallic link that is
screwed to the two sides of the fractured bone structure. Using the
present invention, an accurate profile of the link may be shaped, and

20 secured onto the patient fittingly. Another application is in cosmetic
surgery, such as jaw profile modification. In this example, the

prosthesis would be secured onto the jawbone, either as a



region, and touching up and trinmng may be perfornmed to givegtHeP 2003
best fit. O her prosthesis that can be fabricated using the present

15 invention includes titaniumor other netal |inks that are used to
support a fractured bone structure. For exanple, a fractured hip may
be reinforced for quicker recovery by providing a netallic |link that
is screwed to the two sides of the fracturded bone structure. Using

the present inv i n curate profile of the link may be |
shaped, and 20 szgéftaggn}?ﬁttogfﬁedgtgﬁ g’ﬁta W'??'Pﬂgl%?cm&ft ﬁ@gly fo give an
application is in cosnefic, surgery, such as jaw profile

modi fi cation. |n/MRrQved.angdesiredchegk pseflesi s woul d be secured onto
the jawbone, either as a - 9 SEP 2003 13 repl acenent of a defect or a

he | cither os a - 9 13 rent |
orofi1a. i & the pyouk 8 desEn el RAE AL aPRaI RBRR LSy vy
Sxanpl o 5 arc. 1 GTCTEIGR ATPBIRRIARY, AU SR edeieiaRs dhatdhe axamples

limtation on the invention. In addition it is clear that the nethod
and appar at u§ of ar@éor ijnsisatinn ionlyeand shotlds nat bei tajen rasriimjtation on the
applications where material shaping is required. It is contenpl ated

that many changeinvemtionnrdadditia iibisscleay tHat i@ deethyd ARl apparalid ¥ the

skill in the art without 10 departing fromthe spirit and the scope
of the inventionpf@aiti PREntion has utility in many applications where material
shaping is required. It is contemplated that many changes and

modifications may be made by one of ordinary skill in the art without

10 departing from the spirit and the scope of the invention described.



- 9 SEP 2003 Repl acenent Page 5 Septenber 2003 14 CLAIMS 1. A e t36d 2003
of profiling a substrate as a prosthesis for a structural defect in

a patient conprising : a) generating CT Scmp%emé?ﬁ Fagées eeiptetfiber 2003
region of said 5 patient in the region around said structural

defect; b) converting said CT scan data of said defective region into

a 3-dinensional digital nodel of said def Sgti ve region; c)

fabricating a defective region prototype ing said 3- dinensional

di gi tal nodel o{: ihd defective region; 10 d) creating a
3-di nensional d b‘laﬂé repl acenent of said structural defect, steps

conprising: (i) obtaining a non-defective 3-di nmensional digital nodel

- of at |east onef .non'AQﬁ@@]bH\tﬂ_prrf@Fé fgﬁﬁ% teefgvgm%?g}d%%%ﬁ%?fgr a structural

non- def ecti ve 3-dinensional digita sai I mensi ona

di gital nodel of sai ect | jon:. 20 (iii) selecting said
non- def ecti ve 3-di rreﬁ%ﬁegﬁgﬂ g@?gug?‘;ﬁ?&hﬁ@%@? “havi ng a non-defective
area that matches a defective area in said 3-dinensional digital

nodel of a) generating CT scan data of a defective region of said

5 i patient in the region around said structural defect;

b) converting said CT scan data of said defective region into

a 3-dimensional digital model of said defective region;

c) fabricating a defective region prototype using said 3-

dimensional digital model of said defective region;

10 d) creating a 3-dimensional digital replacement of said

structural defect, steps comprising:

(i) obtaining a non-defective 3-dimensional digital model

of at least one non-defective subject;

(i) comparing said non-defective 3-dimensional digital
15 model with said 3-dimensional digital model of said

defective region;

(i) selecting said non-defective 3-dimensional digital
model having a non-defective area that matches a
defective area in said 3-dimensional digital model of

20 defective region; and



defective region; and 9 SEP 2003 Repl acenent Page 5 Septenber 2003
15 (iv) subtracting said non-defective 3-di mensional moder % S6m é%3d
3-di mensi onal digital nodel of said defediémacemegt Page® Pepiduiersriod
3-dinmensional digital replacenent; e) fabricating a set of profiling
tools; and 5 f) pressing said substrate with said profiling tools to
formsaid prosthesis. 2. A nmethod according to claim1 further
conprising the step of fabricating a replfatenent prototype fromsaid

3- dinensional digital replngg ; : ot ni.n id repl acement
prototype and sai d def ect ?lvg gﬁgéténrg%%f)%g}@pggfegﬁ\f%r‘%ﬁgnens'gng model
t ti t ot . . . 3. met hod according to
Ciaim 2 wher el n sai d ot ep oL SAUT FrAPCTsioR dolel Heodslopt sard Ueleptive
(i) scanning said reconstruction prototype to create a 2- di nensional

digital surface; (iii) sef@dPnig Piodues Saidod-dimensiznal digitel ceplacement;
digital surface corresponding to said defective region to generate a

digital profile; andy  fabricating a set of profiling tools: and

5 f)- pressing said substrate with said profiling tools to form

said prosthesis.
2. A method according to claim 1 further comprising the step of

fabricating a replacement prototype from said 3-

dimensional digital replacement; and

10 combining said replacement prototype and said defective

region prototype to form a reconstruction prototype
before step (e).

3. A method according fo claim 2 wherein said step (e) further

comprises the steps of :

15 () scanning said reconstruction prototype to create a 2-

dimensional digital surface;

(ii) selecting a region of said 2-dimensional digital surface
corresponding to said defective region to generate a digital

profile; and
20 (iv) fabricating a set of profiling tools using said digital profile.

4. A method according to claim 3 wherein said step (iv) further

comprises the steps of :



20 (i{/) fabricating a set of profiling tools using said digit@lSEP 2003

profile. 4. A nethod according to claim3 ! } t Y%
further conprises the steps of : - 9 SEP éeéﬁggfgggémf)ﬁ e&g&@%%og,
Sept enber 2003 16 producing a digital punch and a digital nould

using said digital profile; and fabricating a set of profiling tools
fromsaid digital punch and said digital uld. 5 5. A nethod
according to claim3 wherein said step (iv)” further conprises the

steps of : generati ngredicind aPdigh i 1L hi ng.. .
and mlling a noul d o tyﬁgndag SLEEH%?P?Q%%%?@@Q %ﬁﬂ%ﬁ%ﬁ s‘ﬁ%‘é%l
mlling machine. 10 §rofegtdod according to claiml wherein step (e)
further conprises: (1) creating a digital block (ii) offsetting and
subtracting a prescribed region of said digital replacenent from

said digital block tamicathg @ st @f tprbfiliRVkddls FemMO&H dididal |
filling the hollow area within said ng giﬁ@a/tl repl acenent d%g(c')fa¥ A%U%Chaand

digital punch; and said digital mould.

5 & A-method according fo claim 3 wherein said step (iv) further

comprises the steps of :
generating a tool path for a high speed milling machine; and

milling a mould cavity and a punch surface using said high

speed milling machine.

10 6. A method according to claim 1 wherein step (e) further

comprises:
(i) creating a digital block

(ii) offsetting and subtracting a prescribed region of said digital
replacement from said digital block to create a digital cavity

15 mould;

(iii) filling the hollow area within said digital replacement to form

a digital punch; and

(iv) fabricating a mould and a punch from said digital mould and

digital punch respectively.

20 7. A method according to claim 6 wherein a 2-dimensional surface

of said digital replacement is first created before step (ii); and



(iv) fabricating a mould and a punch fromsaid digital nould @gEP 2503
di gital punch respectively. 20 7. A nethod according to claim®6
wherein a 2-di nensional surface of said RegatahenePhge Sn®apteirbel il
created before step (ii); and - 9 SEP Zan Repl acenent Page 5

Sept enber 2003 17 steps (ii) and (iii) are perfornmed using said

2-di nensional surface instead of said di g?t al replacenent. 8. A

nmet hod according to claim1l wherein said ructural defect

conprising of said dsépst (ilyeard e@i)i aré osaFStha &if§T 85id VZe—d?rh?ﬁsioﬁal
opposite to a non-defective side of a substantially symretrica bone
structure; and step I | FESa1: raln ting a mrror

i mge of said non-de%ﬁ%c{e\b@%{sé%gegg%gatﬁg Iorﬁéla)scﬁﬁ?&?’ur e; (i)
positioning said mrror inmage directly on said defective area; 10
and (iii) subtr&cti rynmethdd nacocedingmmgeldimorh saktbidedsidt siectaidledéct
produce said digital replacenent. ABSTRACT METHOD OF PRODUCI NG

PROFI LED SHEETS AS Ridafpiidisy f said defective area is located on a defective side

5 opposite to a non-defective side of a substantially symmetrical

bone structure; and step (d) further comprises :

() creating a mirror image of said non-defective side of said

bone structure;

(ii) positioning said mirror image directly on said defective area;

10 and

(iii) subtyacting said mirror image from said defective side to

produce said digital replacement.



A method of profiling a substrate as prosthesis for a structural
defect in a patient whereby pressworking technique is used to
pressed a prosthesis between a punch and a cavity nmould to formthe
prescribed shape. The punch and cavity of the nould contalgiégp am
profile that is conputer generated and designed to c!osely ch t
patient's profile and to give the nost nat'éral and fitting
prosthesis. The present nmethod uses a set of 2-dinensional (2D) CT
scans of the region around the defect ABSIRA@TVerts theminto a 3
di mensional (3D) digital nodel, after which a prototype of the
defective region is ' | r ot ot ypi n

t echni ques. ‘gll'he 3D ngﬂrﬁgﬁbgﬂﬁéﬁ%ég@é%ﬁéT$ é\st%é@s&b'g@@ 0
digitally construct a set of profiling tools after which the actual

punch and nmoul d are Riysthea! ddproffitf 4 8abstFtELE ptosthesis for a structural

defect in a patient whereby pressworking technique is used to
pressed a prosthesis between a punch and a cavity mould to form the
prescribed shape. The punch and cavity of the mould contains a
profile that is computer generated and designed to closely match the
patient’s profile and to give the most natural and fitting prosthesis.
The present method uses a set of 2-dimensional (2D) CT scans of
the region around the defect and converts them into a 3 dimensional
(3D) digital model, after which a prototype of the defective region is
optionally pr;)duced by rapid prototyping techniques. The 3D digital
model of the prosthesis is then used to digitally construct a set of
profiling tools after which the actual punch and mould are physically

produced.

FIGURE 1



