- 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 fi cati ons used to produce the prosthesis. Thus the quality of

prost heses psodupardicular] te greseht hventibn $6RIGOES the Tigking of prostheses
conput eri sation of contenporary manufacturing, together :

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.



wi th conputer-aided design (CAD) and conputer aided engineering _

(CAE), has ai ded advances in prosthesis design and nanufacturlng_glggp 2003
the nedical field. 51t is therefore an object of the present

invention to provide an inproved nethod for designing and

fabricating prostheses. SUMWARY OF THE | NVENTI ON Accordi ngly, the

present invention provides a nethod of profiling 10 a substrate as

prosthesis for a str u . 1N ient. The nmethod. enp] o a
rsana St ol O BOEAE o B oL
H O N - . -
Blrjggt hggi sé '(I:'ﬁ\él a%mmﬁgmpaﬁ%ra@ﬁ@@" éﬁs(?g é%ﬁnaﬁdcﬁﬂmau% aidlegr engingering
that is conputer generat ed and designed to closely match 15 the
patient's profil dCAKY has gided advamess improsthesiandesign tandy manufacturing
prosthesis. The present nethod uses a set of 2-dinensional (2D) CT
scans of the redn the aredlical fidhe defect and converts theminto a 3

di nensional (3D) digital nodel, after which a prototype of the

defective region is optionally produced by rapid prototyping

t echni ques. R 3D di gftt'glthgtﬁfpaaﬁac@bj@ﬁit obthe pecepst dovention terprovide an
generated and used to digitally construct a set of profiling tools
after which the #opuaiedomethodfat desighidgarel fabyisathed byogthesesed. The
substrate, for exanple a titanium9 SEP 2003 3 nesh, can then be
pressed between the punch and nould to form the desired profiled
prost hesi s.

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



In the preferred enbodi nent, further touch-up can be optionally
performed using the prototype of the defective region before the 5
prosthesis is sent for sterilisation and inplanting by a surge®rbtPriagd3
present invention allows the fabrication of nore accurate parts, and
al so has the advantage of being fast and | ess | aborious.

Furthernore, the digital data can be store@® and conpiled into a

dat abank from whi chﬁﬁxtur desi gns maely e sour%ed. 10, BRI EF

DESCRI PTI ON OF THECBRAGRRARESR N5 PEeSEEds betwees, the pyngh and seuld  teeform
preferred enbodi nent of the present invention. Figure 2 is a flow
chart to show t heheedegited profiledt progteesis! di ng and 15 regi ongr owi ng
mani pul ati ons on the CT scan data. Figure 3 is a 3-dinensional (3D

del of kul' I wit 1.85] I f
ot cct i ve' region. " Fi qur Pictefted FBSMBRC Kb R SE5Rh Bscpplonally
t t hods of ti 3D digital I t f def ect
according to t he REEIY US§Tg ApEnPIRIAYPE i frecistedivel trgies bRfope the

shows the images produced for various steps of the mirroring
t echni que. Fifgur yosihesisdiscrnirfer siesilisaiicryandsmptantingvbya arsirgeochn.of
creating the profiling tools according to the present invention.

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.



5 Figure 7 is a flow diagramto show the nethod of creating a 2D
surface froma digital replacenent according to step 105b. - g SEP 2003
DESCRI PTI ON OF THE | NVENTI ON The foll owi ng detail ed descrlptlon
descri bes various enbodinents for inplenenting the underlying
principles of the 10 present invention. One skilled in the art
shoul d understand, however, that the foll o ng description is neant

to be illustrati v of t esent _inyvention, and shoul d not be
construed as |i m 'OHEPS Hg‘ %‘15 ﬁi‘@“ﬁl the Inaages, £5 Q?élr farvarigusosieps of the
skilled in the art will appreciate, there may be different software

capabl e of achi e\ﬁi‘ﬁgoﬂﬂgat%ﬁtfﬁmueﬂescrl bed. The 15 specific exanples
and software described are used as exanples only. In the foll ow ng

; . n "
e g U v B 4 e

d | udi but not |imted to ....... ". The term
!' gte?;g': S |es Lged ﬁﬁ péoé&ﬁgﬁogg§§$@€'f190t°r@ﬁd?fe§%m2m%mgpmndes| rabl e

area or patch that needs repl acenent, covering or rei nf orcenent,

d , b t ed t h [ efo

!sP ?Lgtlu;]gs |t)§ar{1 ﬁ%g{lgﬁy&bﬁngo‘é"t Qﬂa@{ar{nr gitsgaﬁlﬁ ﬁgd aRfT%reag':glrzsl 2B
i mb, hi . T t rosthesis" is used in

2§n§e ![O re:‘ grotsé"éﬁ?féﬁ%ﬁeﬂtﬂ?{ém Q%Fﬁ@fe%cmﬂgé?’étﬂhﬂpﬁbat ed

using the present invention for replacenment, reinforcenent. or

cosmetic purPoSeDESORIPTRSRIGE PHEROERTRINES! s may be a

reinforcenent |ink that can

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,



5 bolted onto the two sides of a fracture, or netallic profiles that
can be added onto the surfaces of bones to alter the appearqyggpo@@3
the relevant part of the body. Figure 1 shows a general netho
profiling and producing a prosthesis according to the present

i nvention. Each of these steps 10 (101 to 106) wi |l be described in
detail below. For ease of explanation, a %kull with a hole or

m ssing patch w Bgf?fi e .t he Th
first step 101 |I|h}bb%dye§grglé@ -ﬁ%et ??éﬁthggs %%D{"é%cﬂ"{ %ﬂ%@kgpg%'?so%ﬁﬁ
h i f th t of, the ning 15

b Scei . CogetTeb it o AR 88 B P HaT Db st
The CT data format is converted to generic image format using, for
exanpl e, | nt er acinveatiogdocegplacrigentCarinfercement am qosmatics) peipbsasr Eor
fromMaterialise, Belgium This allows the visualization and

segrment ati on of tkample,i thegprosthesial Ayt be @aeiifaicententf limokisatr ean B
3D nodel s of the defective region. In order to define exactly t he

obj ect to begvi SBBIté&%ﬁthfheotWMBSQofbrfréi%r(esb?ﬂn%%?f 1pect|ve regﬂrbe

of the CT scan data is required. In this case I on

mssing bone 1 <SEicamEre BiRhed b 16 Aheliie e e ' & e

surroundi ng bone structure. Using the MMCS software, 3 steps are
general |y perfor Fé@‘”{rﬁ)paﬂﬂ fdBebodVng; (2) regi on growing and (3)
manual editing.

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



5 The threshol ding technique is shown in greater detail in Fig. 2.
This technique exploits the differences in density of different
tissues to select inage pixels with a higher or equal value to phg
prescribed threshold value. Since bone tissue has higher den3i§h7 2093
than brain matter 110, nuscles or skin etc., the bone tissue 112 can
be 10 sequentially selected. In Fig.2, thefhead 112a is positioned

above a supporj[idelg H)e .i § 1 o T 3 gi_ongr ow n o cp)ni u&- LS sec{he

after threshol ding to al'gt ?1% bz§ a Wi ﬂ%!d gg ?‘5 Mat'%/ I
but are not related to the bone tissue under study. nua

:agintgi6ngui s used SHTOUPAEIGPPBE Atruciree Usingh the, MIMIGS spiwisie $sters are

fromthe segnented object. The inmage is then converted int o a 3D CAD
model of the def @enetallyr pgiformedss (Ihdhresholding;g(2). region hgmwinguaed (3)
the defect is an anterior hole 113 of a skull 114, and the defective

region is the tomdmaldl etfitiigie defective skull. A 20 suitable.
software, such as the CT-Modeller Programfrom Materialise, 1is used
to generate the STL npdel fromthe 3D Medical image constructed

earlier usin§ the M Whedhishglding Aeghriaue jpshownpinygiesder detailein big. 2.
the defective region can then be produced using a rapid - 9 SEP .2003

7 prototypi ng madhisntechniquenexpipits thie dgliffertences in densifiL of diffexéni Hstes
103). Step 104 of Fig. 1 is the generation of the 3D (CAD data)

digital to select 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 etc, 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



repl acenent 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 up the hole). There are two exanples of hawg tg[;sBz'g@g
digital replacenent nay be obtained, as shown in Figures 4A and 4
Referring first to Figures 4A and 5A-5C, a mirroring technique

be used if the defect is on one side of a bone structure that has a
10 natural sym”neth%t For exa t he def ect a, hol e on_ one side of

the skull, and PRICHPRG raa "%f"taﬁea%ﬁeﬁ t%fﬁétq%t%tlessff&rformatt frtep

3D CAD data of the defective region. This mrroring techni que
isolates and cof08s the non-defective half of the skull 120 and
repositions a mrror imge 123 of the copy onto the defective half

122 as shown in Fig. Subtracti |sth p r %Ia
repositioned mrror g%ﬁ? ié?’ og%gta‘ﬁ 8‘5'9?\? |‘§JL 4&2@3&‘5 h&igital
skull to obtain the 3D d| ital replacement 124 for the hole. An
excess portions ﬁ%@aﬁ%mPB e@e dafectedhis stepofinst seauiresdhe iganega

to Fig. 4B, the matching technique may be used 20 instead of the
mrroring te6hni thee 3Dodigitabidata loé the glefedt (ire thiscamenple, Tthiss at patehi thae
is nost useful for replacenent of nissing patches that do not have

any avail abl e noglodetegh &N@h@l@)ntrﬁé@'a?e\tw&*’é%anﬁﬁlés%h %léjébad%féaé

the patient. For exanple, anterior and posterior cranial - 9 SEP
matchi ng.  echn o CHEaT EXdePE T oF B BLRLfan A

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



normal people are collected and stored in a databank. A search is

t hen conducted on the databank to find a suitable match as a
reference. The reference skull is then repositioned, superi Frﬁbéeﬁ 2003
and subtracted agai nst the defective skull to obtain the digital
replacenent. If the reference skull itself has holes or other defects
(such as conpl ete mat ching probl ems) and cannot effectively cover

t he defect, super tlon d Ie reference 10
skull's to created gpeézkﬁ Pﬁl %{)n&e‘%@nt’“" Jurteehnigiea|In the
copi ed i mages can then be obt ai ned and subtracted fromthe original

defective skul | matengi techniguei dhe AD CAID sladarent CT /soarexaés dram other
unwanted portions is manually renoved. Step 105 in Figure 1 involves

t he maki ng of thaoanaiupkopleohid icollectéd drabktoréd am 4 iatbank. 0A sabreh is
repl acenent. Two nethods for doing so are shown in Figures 6A and

6B. In the enbodi@NicorAQ¥Rd BnSHd Uabdais td rrr@é% vt gbilﬁ MalH als g

punch and cavity nould are conplete conput er sl gne

Iy
2ctual prot ofypetereEhop, e ”Ee#%rs%“fg%“%@k I Tl epoSiipfSd, SEerfosed
cavity nmould are designed wth reference to the dlgltal r epl acenent
created from t he@& o?&h‘é@ﬁ tednagainst nivgs detactiye skulbfoe ne the hdigital

Surfacer software from I mageware, USA. - 9 SEP 2003 9 In the met hod
shown in path l06placdmecoh. df the refererivei skull désel€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.



by first adding a boundary allowance of, for exanple, 10-15mmto the
edge or boundary of the digital replacenent. The di nensions of the
boundary al |l owance may be determ ned according to the needs ®fSEPhEIH
users. Since the digital replacenent is typically in the shape of a
shell, e.g. a portion of a skull, the hollow part of the shell is
digitally filled and a hol der added to cr®ate the digital punch in

the conmputer. To cr the digital cavity ul.d w.th the .
appropriate profile ﬁatb% 'Bgﬁ}?d %%‘ﬁ,n Tk%atbi@%alth?)@ﬂf{%li@%ﬁ SeFragfed
an appropriate thickness to cater 10 for the thickness of the
substrate duringP¥ 'é%ts%QSS’r"RQ Ageoursiane aliowarce of, Jer examplgn i@ Ssn to the
plate of 0.5mmthickness, the profile of the punch is offset by

0.5nm A solid bedg& drdaunearye ot the=digitat! replac€ment Tlee dimeadiotisgiof dhe
punch subtracted therefromto create a cavity in the solid block.

The digital cavi byundatydliowapiceahay baf determiifet REcotRh§ t@thel Rebd€ of the
moul d for |ocating purposes during pressworking on the press

machi ne. Thegpun nok:poul : ical:Ly, e '
api d pr of ot ypi nepac e ane gL EhIBRUReRE s Yyb Ry 3T 4F SRR of
(SLS). An alternative conputer design . nmethod as sh by path, 105b
20 in Fig. 6A a%‘&e%?-ﬂs?r%ﬂfﬁ‘a" ﬂi %gﬂﬁﬁ'?e g@l’%‘f’|9§fﬁ\ggiﬂg%rsgeb.'s| ioftally
techni que, a cross-section 124a along line A-A is made across the
di gital repl acentliftd and ehbolder agided o create thei digitalimcivimthet computer.
upper and |l ower surfaces of the 3D digital replacenent are renoved -
9 SEP 2003 10 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



beyond | ocations 130. The renaining points can be divided into 2
subsets: one subset representing the upper surface 131 of the 3D
digital replacenent, the other subset representing the | ovrStsueBlce
132 of the sane. A 2D surface may be generated from one- subset by 5
separating the two surfaces. This is done by selecting the points
that are within a certain nmaxi num di stan¢@ apart. Those that are
farther away (i, e. thpse.that esent the non-sel ected surface)
are renoved. |nPEiRI% %PBSSWW% gt 7?0‘9%:306& Pl?sds%'ﬁ'e higto 2
upper surface 131 are selected and the points on the |ower surface
132 are 10 renoviPsets:dpget sibsel feprasentingnthenuppeie suiface €@ 1oyf the 3D
introducing a digital solid block 134, and subtracting the 2D upper
surface 131 frondigitéleregilaganaénts dhé dtieromibsk84epibsentiayi thy lowdrdsurface
generated by first offsetting surface 131 by a small distance to

create profile 18D bPtheasiAgnA ZD0suce iyt gahertfted MR oM SfSiet: by
Anot her digital block 138, 15 is then created and subtracted wth

surface 136 g o : ' o : f L0G: i.g.

38, thi's entodi nhAraund e S shralRY: Hhighy doRBUR SOBBIAS the Polied that
[ th Ki of. th hysi ca rot ot ypes of the defective
Eaton” oo Sl EsBH Pl it 2o S arvr

repl acement part (referred to as replacenent prototype). These
physi cal pr ot ot Y@y nfhg. blosabthatatrepresienh the apontselectadt gpiface) are
machi ne using the 3D CAD data of the defective region (a hole in the

;(I;glsl in the exaspiovedi Wrethe ardmphe sROWH gl Kiglre' PPNRCSHREY on BeSufp&t
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
engineering 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



11 in STL format (the replacenment part for the hole in the exanple
given) obtained by the methods as described above. Once theycp 2003
prototype of the defective region and the replacenent part ‘ar'e
obtained they are fitted together to forma reconstructed prototype
(for exanple, a 5 reconstruction of the skull of the patient). The
reconstructed prototype is then scanned fhto a conputer to form a

set of 3D points; o onstruction. T canni n be .

per f or ned Esi ng X %E@E‘ﬁmé&ﬁgﬁ fei)éqqenégra_pngﬁéib?, hpleoﬂ} {%/ﬁ@mﬁgpﬁw.en)k
2D surface can then be reconstructed fromthe set of points. The
digital punch an@Pl@ngd Ry theymetbpds asdescriresl pboxe Gpce be pigtotyng of
punch and cavity nould, can then be created by various nethods. In

one met hod, the the defettinserdgion anddtheoreplacemert pattoare pbtainddithey are
machi ni ng process, as shown in path 105me.g. using Unigraphics

sof tware. The nofittell apgethenab fowme a h@@oﬁs@hfdté@tﬁr@tétwéoﬂ(\!ﬁ@xhﬁﬂﬂ%, a

machi ni ng nmet hods such as high 15 speed conputer nunerical contro

Thd digital SavitershSfuch bRl of HERRR"3nbi8cbh ki dteg P Bioe
t he sanme techni qige as descri

a digital punch 'PstEfeSERM ?ﬂqﬂzﬁ? @aﬁ{ﬂe@%’ itog Qtj)'ﬂ'gig‘?ﬁgti 8&%&%&,-&?8{&%
subtracting the 2D surface fromthe digital 20 solid block. The

cavity noul d i s igenastiveliproy Thef seanning may peofpertorated tusinguacHtaser

a small distance to account for the thickness of the prosthesis, and

subtracting wi t hdigitisenoelgd Mevcury daine Mateioc dupary. ARD durfac® &n e

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.



. . . hai ques
12 The actual prosthesis is fabricated by pressworking te_c_sl £S2003
using, for exalrorpl e, a press machine in which a substrate is pgéss%g

i ired profile. The
between the punch and cavity nould to create the desired .
substrate ma§/) be any material required by the user, but is typically
5 bi oconpati bl e, of high inpact strength an% non- bi odegradabl e for a
per manent structural prosthesis. For craniopl asty, a typical

prosthesis used is a Theamtuah presthedi G g%l-%‘%e@'ﬁ "ifrgésﬁ&@(ﬂfa l_téphlgigges

| arger than the surface area of the defe e extra are

ounias o v o USseal, sl ORI i B L cin

attachnment devices during surgery. _
is may be cked against the prototype of the defective

F’égféﬂeséﬁd t guchP%Q(‘?ﬂ%‘ &}? '?q?}ﬁﬁ‘émﬁaw&/”l%' ¢repieether desjrad: profile. The

best fit. O her prosthesis that can be fabricated using the present

15 invention incl SHRstrate: mayube @nyomateriateteguirkd rthys tHeh asergrisut Us e plcaily
suplp(r)“r/t a fractured bone structure. For exanple, a fractured hip my

be rei nf or ced5f or bipeomipmtibles cofitsighi ih?bal@f %Yrieﬁgﬂg afd ”ﬁér‘?—btdd‘erdréﬁ'@l%g@"r a

is screwed to the two sides of the fractured bone structure

the present invepéfmanemn 3GGAUALE Bfo%fﬂﬁﬁ‘?%o;gfsee clﬁ\%@gng,as*/y,bea typical

shaped, and 20 secured onto the pati'ent

application is in ﬁ;@st-'c tgery, such as jaw profile ]
rrggi fication. In ?ﬁ)l%s e%% ﬁe?,J 'ﬁqﬁeﬁt%\‘%t Aieshs Whikh diesdss apuarsa shightly

' [ - .9 SEP 2003
the jawbone, eit hI%rrgé’irsthaan the surface area 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 tbuching 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



13 replacement of a defect or a missing patch, or sinply to gigvgrRmgg3
i nproved and desired check profile. Wiile the present invention ?1 as
been described particularly with references to cranioplasty, it

shoul d be understood that the exanples 5 are for illustration only
and should not be taken as |limtation on the invention. In addition
it is clear that the nethod and apparatus & the present invention
has utility in icatd gn re mater.al aping.is requ1red
It is contenpl aﬁggkﬁgmeﬁﬁ&f éh(i?fl\gg OF /4y MIFe\G0 ip@iqrh offs SRRV bl giygean
by one of ordinary skil] in the art without 10 departing fromthe
spirit and the sé%‘ and desiyed cneRK #safdei bed. - 9 SEP 2003

Repl acenent Page 5 Septenber 2003 14 CLAIMS 1. A nethod of profiling

a substrate as a pro j i n .
ompr i si ng: a) goner MEre dyBteft el hdy ba%‘ﬁ @%%%%ﬂagﬁﬁkuﬁa Yeuith
S patient in the r ion around. s sfructyral converting
sai d CT scan dat 568? '%cﬁs OQ‘EPBPP?%%V' t h?)‘”gltﬁ gnaer; &Qﬂ ﬁ@éh@@éqamples
digital nodel of said defective region; fabricating a defective
regi on pr ot obype ai@ifeigillysiration OQIYn%mdslsbﬂa dotybeatakendas linfitatiandon the

defective region; 10 d) creating a 3-dinensional digital replacenent
of said invention. In addition it is clear that the method and apparatus of the

present invention 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.



structural defect, steps conprising: (i) obtaining a non-def e6t$\%P 2003
3-dinensional digital nodel of at |east one non-defective subject;

(i1) conparing said non-defective 3-di rrensh@p{aceﬁkgﬁq:zﬁge 4 Sapesiaber 2003
with said 3-dinmensional digital nodel of said defective region; 20
(iii1) selecting said non-defective 3-dinensional digital nodel

havi ng a non-defective area that matches 34 defective area in said

3-di nensional digital nodel of defective 'region; and 9 SEP 2003

Repl acenent Pag&hgwgﬁptenber 2003 15 (iv) subtracting said
non- def ective 3- si onal nodel from said 3-dinensional digital

nodel of said defective region to produce said 3-di nmensional digital

- repl acenent; e)1fabraAGasthed ot p?_@ﬂ(ijlir@f a RUBS#rhieNgs fé)B}o%ﬂ?@QQ f@a I%structural

pressing said substrate with said profiling tools'to forms

prosthesis. 2. A thC@ﬁ%@gﬁéﬁt{&%}‘é{igbm'l further conprising the

step of fabricating are 9pe fromsaid 3- dinensional
digital replacenent; and 10 conbi ning said replacenent prototype and

sai d defective 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



region prototype to forma reconstruction prototype before st (e).
3. gA rreltohod a)écrz)or ding to claim2 wherein said step (e) furt'r%%%f" 23@3
conprises the steps of : 15 (i) scanni ng BepldcemenhBaged September 2003
prototype to create a 2- dinensional digital surface; (iii) selecting
a region of said 2-dinensional digital surface corresponding to said
defective region to generate a digital _pr1of|!e; and 20 (iv)
fabricating a set of profiling tools usi ng%ald digital profile. 4. A

The steps of - o sep 2009 “HESTEE 3eft HlFRadellyd ShiFongiT roda
e steps - 201

i igital nch a. di.gi,tal noul d usi said digital )
B;gg?f;?gaﬁdd:‘ glbriacalto:Jng g%grgtsabcf 3%?'5‘?‘?'?%'%% 8&'@Pg?9¢ﬁ'sgf galgl glefegtive
punch and said digital mould. 5 5. A- nmethod according to claim3

wherein said step (iv) fufgHep toﬁﬁﬁﬂ?%é@(iﬁ@i@%p@n_af digitgk replatémgnia
tool path for a hi.gh speed mlling machine; and mlling a nould

cavity and a punch syyfacgypliigy sald &t fbRPeRt; Tid ' ng machi ne.

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 :



10 6. ?A met hod according to claiml wherein step (e) further-g SEP 2003
i o (i ti digital block (i i
conprises: (i) creating a digita oc (|Rg?|§{:é§|rgém3§g%aﬁgﬁ?pt€p%r 2003

subtracting a prescribed region of said digi

said digital block to create a digital cavity 15 mould; (iii)
filling the hollow area within said digital replacenent to form a
digital punch; and (iv) fabricating a nould, and a punch from said
digital nould and digital punch respectively. 20 7. A nmethod
according to clai m 6 pnbduicthd Pdiditd i I nne f i i gj.tal
repl acenent is first creat e% be%z)rg'eﬁg?g%@@iai?%ﬁ%ﬁoﬂaﬁﬁggﬁ% %gﬁal

Repl acenent Page 5 S%Péfﬁgbgﬁd 2003 17 steps (ii) and (iii) are
performed using said 2-dinensional surface instead of said digital
repl acenent. 8. A nethod according to claim1l wherein said structural

defect conprising ofatsiiatinded @et iof profilRy kSols OFehegaian afiGe Btk
side 5 opposite to a non-defecti veepsi dg%of a substg%lti gﬁn{éﬁ p%]%h find

symmetrical bone stgxigt digRal ﬁ.@q”dstep (d) further conprises : (i)
creating a mirror inmage of said non-defective side of said bone

structure; (ii) positioning said mrror imge directly on said
def ective ar®ea;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



10 and (iii) subtracting said mrror imge fromsaid defectivg %FUFPK%
to produce said digital replacenent. ABSTRACT METHOD OF PRODUC
PROFI LED SHEETS AS PROSTHESI S A net hod ofReplatemenigPags BoSéptahbena®003
prosthesis for a structural defect in a patient whereby pressworKking
technique is used to pressed a prosthesis between a punch and a
cavity mould to formthe prescribed shap The punch and cavity of
the nmould contains a profile that is corrgat er generated and desi gned

to closely match thestepat (ignang (@Nokiré eparistnied %éiﬁ%"e?ﬁgmﬁﬁirﬁéﬁﬁ)ﬂbl

and fitting prosthesis. The present nethod uses a

2-di mensional (2D Ghefanmstiad 6%'?2%?@%'%??’%?9}%‘ e defect and

converts theminto a 3 di nensional el, after which a
prototype of the defective region is optionally produced by rapid

pr ot ot ypi ng t edhni quemetithd Bfeoddiggt td claimdd! whkrdibesgidostrietai défect
then used to digitally construct a set of profiling tools after
which the actual pungimpisdng o shidrRieans £ahli¥ oRiRdUsed: ddb@REsiHe

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.





