WO 2006/000063 PCT/BE2005/000100 5 METHOD FOR DERIVING A
TREATMENT PLAN FOR ORTHOGNATIC SURGERY AND DEVICES
THEREFOR 10 Field of the invention [0001] The present invention relates

WO Wistite for assessing the shape of the skull and soft tiSSGEE A5 B0100
determining a treatment plan for maxillofacial surgery and more
particularly for orthognatic surgery and devices used 15 in such surgery
or in the preparation thereof. State of the art [0002] In maxillofacial
surgery, the skull and dentition is surgically remodelled or restored. This
20 surgical discipline encompasses surgical interventions of repair, in
particular, of a mis-positioning of the jaws with respect to one another,
called orthognatic surgery. Typically, orthognatic surgery involves
osteotomies of the maxilla and/or mandible to reposition these bone

r fragments 25 correctly with respect to the rest of the skull and to create a
good occlusion. Osteotomies are surgical operations whereby a bone is

" cut to shorten, lengthen or change its alignments. With “occlusion' is
meant {herAEn R NDERTH Ve tae trREQTMIDIE Bl oRRR DBRFOEHATEIC
30 together when the r’g%gﬁﬁfl .ﬂg@ggkgh%wgﬂon of such a
surgical intervention rmﬂrﬁm T ' d radiographic
techniques. WO 2006/000063 PCT/BE2005/000100 2 Orthodontic

108‘3%@33‘?%@%% A gasting afthe patient's mandibular and maxillary
entition s made. ThesSé castin

- Thesecastings, ge,ner%ﬁlg made oiglaster are then

md®84in an articulBiEr REFESE NG S T tSthp e Eﬁaib{ﬁ?arrﬁﬁﬁ%‘:)ds for
anddawgpnembers.Theeastings the skull and soft tissues and for

determining a treatment plan for maxillofacial surgery and

more particularly for orthegnatic surgery and devices used

15 in such surgery or in the preparation thereof.

State of the art

[0002] Tn maxillofacial surgery, the skull and
dentition is surgically remodelled or restored. This
20 surgical discipline encompasses surgical interventions of
repair, in particular, of a mis-positioning of the jaws
with respect to one another, called orthognatic surgery.
Typically, orthognatic éurgery involves osteotomies of the
maxilla and/or mandible to reposition these bone fragments
25 correccly with respect to the rest of the skull and to
create a Qood. -occlusioﬁ. " Osteotcomies are surgical
operations whereby'a bone is cut to shorten, lengthen cor
change its alignments. With ‘occlusion’ is meant the manner
in which +the teeth from upper and Ilower arches come
30 together when the wouth is closed.
[6003] The preparation of guch a surgical
intervention requires. implementing orthedontic and

radiographic techniques.



are used to simulate the relative displacement that has to be applied to

the jaws to create a good occlusion. To enable the surgeon to respect the

simulated relative positions, a splint, i.e. a plate comprising on each of its
WID28UH#0es tooth-prints of the two castings, is made. The SHHREEESHITH0

maintain the casting or the jaws in relativg positions where the teeth are

in occlusion. [0005] Since the surgical intérvention generally includes

osteotomies of both ja sﬂ,two Sé)Iints are 15 generally made from the

der@ﬁﬁéﬁ’s&%&%ﬁr&%ﬁ:ﬁ%—%—so-called initial splint linking the two jaws

in tHeip oddclusion position:deforegdhedifte iemtiaps [0G0E] & soseaiidtbular  and

intemedian split detexines; ing.{reseeable.displacement Aldiera1 1y mage
ith reis

maxifia w pect to 20 the mandible, when the mandible is in its

origifalbAetREr atif&)Ep G3i8eN MR pfint Bnabled e StigesTtor Praasent ing
she maxillahack ondheskullin the desied definjlive pesitiendefare: castings
intervening on the mandible. A so-called definitive splint determines the

occhigfort 25 DofEttive s it surbiealy athleved PR RGSTREY Ghat has to
corestlyspesitien theanaridiblejamvthetskulbly setiing thgopadsitionadfitheéon. To

mandible with respect to the previously replaced maxilla, 30 Radiographi .
tecﬁrﬁ%%%g [0 THe" ﬁ?gp%rfat%r? of the. gﬁ?g%cal%%rat%ﬁ“ 4 gg %é]esgelfatlve

X-r@p eddiographsrofahéipatient. Bypiealiyla tiateraizicgraphonr @ach of its

1dcenhalegram) is periormed, Somgtimes a froptal Xoray tadiograph anthe . the
other radiography with WO 2006/000063 PCT/BE2005/000100 3 different

view® hi&pertdrmidethete rdtidGiapHa ehliie, FASFAMEUIAT pdisimiis  1n
an spproxirpatessigiation oftheroperative: aetion:{0008] The sirtilation
isp?ggggfdrnanuaﬂ%yggéa the surgical intervention generally
includes ostectomies of Dboth Jjaws, two eplints are
15 generally made from the dental castings, in addition to a
go-called initial splint linking the two jaws in their
occlusion position before the interventicn.
[0008] A so-called intermediary splint determines
the foreseeable disgplacement of the maxilla with respect to
20 the mandible, when the mandible is in its original
(preoperative) positicn. This splint enables the surgeon to
place the maxilla back on the skull in the desired
definitive position before intervening on the mandible. A
so-called definitive splint determines the occlusion
25 objective to be surgically achieved and is thus used to
correctly position the mandible on the skull by setting the

position of the mandible with xrespect to the previously

replaced maxilla.

30 Radiographic techniques

{0007} The preparation of the surgical operation
also uses X-ray radiographs of the patient. Typically a
lateral radiograph {cephalogram) is performed. Sometimes a

frontal X~ray radiograph and other radiography with



5 tracing paper placed on the radiography. For example, landmarks are

indicated and the contours of the mandible are drawn. The tracing paper

is then moved to approximately reproduce thereon the desired
wisoxwepeEtive occlusion, after which the maxillary contoursQléBE2NYP00100

The maxillo 10 mandibular assembly dragm on the tracing paper is then

moved in one block while respecting cephalometric standards, labial

ratios, as well as other criteria known far this type of interventign. The ,
e AR AR Ae 25 S A S ACE MRHRS afe oo Sifable, in

tements are
radiagtaphically and dbrapprorimately defiredx Thetresuitsrofthision of the
simulation are corgﬁared and adjusted according to the relative motion of

theoﬁ%%%%ﬁg%n%co ?111

the maxilla envisaged by means of the splints. [0009]
Théar@dl simulatiorfbtarfdRiégHdRn 20 SurREAGHBIfeNfiBRYS s from a

spe@e{ﬁ%g%ﬁgﬁéw magualy. Fthenthis,simuationds.pnly depe iBxample,
two dimensions based on a plane profile view of the skull. [0010‘%11'

he ,
CUFrBREgERETaL G 8f CTEERNErs FBvidt et SRt SBRfoRhatiditof TREA1PLE

patient'senatamyriBasesken b thip data, 30 surface veconstrugtipns:ofmately
the bone and theégin surface,are possible. Bone fragments, can be

OB A M OVBT Wt reSpict 16 Gach other s Could provide & oo™
suitahle basisifch attomputel Asistedoorthiognaticestggeapianniiige maxillo-
105Ysiem. However, the currentlysavaiiablg 3D.3Q.suface fapreseialionss  then
algorlltjhms 0 not provide a” suitable framework comprising anatomically .
relewaradrefeisinceSPRhickP a6l the'Bikddan t6HAG kS relighiphalometric

renosifign.a one fragment-ia theuirtuak3Reenvigameriied seedndria known
problem is associated with the use of 4 3D s rfacgiregrecs.entationdsT a%li cude
ee

def8d frofeCFiRans bf PfentS Raviy amafyai dentat flfings,
amalganhllings.creptepitefacisthat appear ebstreatedmthmpTically and

15 approximately defined. The results of this simulation are
compared and adjusted according to the relative motion of
the mandible and of the maxilla envisaged by means of the
gplinte.

[0005] The actual simulation of an orthognatic

20 surgical intervention is thus performed essentially
manually. Further, this simulation is only done in two
dimensions based on a plane profile view of the skull.
fOOlO] The current generation of CT-scanners provide
detailed 3D information of the patient’s anatomy. Based on

25 this data, 3D surface reconstructions of the bone and the
skin surface are posesible. Bone fragments can be isolated,
and moved with respect to each other. This could provide a
suitable basis for a computer assisted orthognatic surgery
planning system. However, the currently available 3D

30 surface representations algorithms do not provide a
guitable framework comprising anatomically  relevant
references, which allow the clinician to easily and
reliably weposition a bone f£ragment in the virtual 3D

environment. A second problem is associated with the use of



images. Using these CT images as such, it is impossible to plot on a
three-dimensional view the exact position of the teeth to obtain the bite.

[0011] Patent document W003/028577-A2 discloses an apparatus and

method for fabricating orthognatic surgical splints. It also relates to a

method for creating a computerised composite skull model suitable for
diagnosis and treatment planning. In said method a 3D CT model of the
patient'sshorfe: stsuctuescaras ardigital dental computer nadehof the-scans  of

patient's titign are generated, both, comprisi same set_of fiduciar
mezgr%g%seaelcr%s (Slfat\ﬁ:érllgveﬁﬁgnf WZ]dlfr%B%%mgg s of the 'pref%%fgh az}{algam
invehtibhrdim ter provideratraéthodsfor peforningae cephalbmetic and/othe CT
anthrgpemetric;analysise Secondly, they.aimstoprovide;a methodfot .10 o
deriving a treatment plan for orthognatic surgery, comprising said ;
anBiYRis MBtbd: et ey Samt id provide B8Gicesetitablethéretor. of the
Summaty efthermvention{8013}-ia accordance with a first aspect of the

pr invention, there is,provided a f rming a, .
ceEhaIo#?etrict%n%&ggantﬁr%%%%eer%c gr@%:% @:%%gﬁgl% the%'sjtesf):s]“81‘S £s an
acguiringsd 3D stan ofatperdod's heddlesingea BDy nredicaldneigec surgical
madality, - generating 83D surfage.-model using data.from said 3R scan, .,
- generating from said 3D scan at least one 2D cephalogram . .
gebiEtHcaly ifKed 16RRRFIDS TR oS ta $3id 3PP seafios diagnosis
indieating-anatemicablaagniarks atdteast on saidiatideastone®bnodel of the

ceB Q%IL‘? gzr%m 5 F})eéfr%m IQ J:S 8‘ é: 8%%hagonn&etrélic ac? Q é%rtsaaid dental computer

model of the patient's dentition are generated, Dboth

comprising a same set of fiduciary markers.

Aims of the invention

[0012] Embodiments of the present invention aim to
provide a method for performing a cephalometric and/or
anthropcmetric analysis. Secondly, they aim to provide a
method for deriving a treatment plan for orthognatic
surgery, comprising said analysis method. Further, they

aim to provide devices suitable therefor.

Summary of the invention

[0013] In accordance with a first aspect of the

present invention, there 1s provided a method for

performing a cephalometric and/or arnthropometric analysis

comprising the steps of

- acguiring a 3D scan of a person's head using a 3D
medical image modality,

- generating a 3D surface model using data from said 3D
scan,

- generating from said 3D scan at least one 2D cephalogram
geometrically linked to said 3D surface model via said 3D

scan,



anthropometric analysis using said anatomical landmarks. [0014]

Preferably the medical image modality is magnetic resonance imaging or
computer tomography. The 3D surface model advantageously represents

a bone structure surface and/or a soft tissue envelope. [0015] In a

preferred embodiment the method furthers comprises the step of

visualising said generated at least one 2D cephalogram together with the
3D-surface modehtn aaMistuahseearie. [08d6hAdvantageousty the methathid at
further. ce%rg%rises t%e%ldetermailriigﬁ of a reference frame from anatomical

refere%ce pom?sngn e Sg%on SHead: [0017] Preferably in a further step

a repopkeofthercephalometriczanalysis igedenated: {2018] In anotherr said
embodi L the method comprises, the further step of providing 2D.or. 3D, 5 .
photogarg]gﬁg,%gmgwﬁ%: a texturec}] 3Dsskin surface is der\f{ved. [00%9% e
The ana@ysivdypically comprises the determination of linear distances

betpendyvo landmarks: therdistanes of ajandmark toaeferengeddangy  is
the distance between landmarks projected on a plane, angles between

lanBfHIRS OF plERES ARopRridhELop HEd DetkEST thesgodrapny - The 3D
measuternentsoddie distance hetween (wopeintssalong a swrface andructure

Parglle douniang, 020) vel & it ebedimept the method i
comprises the steps of acquiring a’3D scan of the person's head, while
the[f4381 is wearing #3BSplKE Als6ABD istantof dasts ofigdiged  further

peré@ﬂ?r‘é@%% apddowetrjaw,is then preferahly acauiredcNextieBR+ 1east
scan of said person's head, while wearing the 3D splint, and the 3D scan

of Gits 8Pof GBPEr &t iverJaw e Tuded: based ot feditired St tiesp i» =
splint.AAdvantageously data from the 3D scan of the

[0016] Advantageously the method further comprises
the determining of & reference frame from anatomical
reference pecints on the person's head.

[0017] Preferably in a further step a report of the
cephalometric analysis is generated.

{0018] In another embodiment the method comprises
the further step of providing 2D or 3D photcegraphs, from
which a textured 3D skin surface 1s derived.

[0018] The analysis typically comprises the
determination of linear distances between two landmarks,
the distance of a landmark to & reference plane, the
distance betwesen landmarks projected on a plane, angles
between landmarks or planes, proportionsg computed between
these measurements or the distance between two points along
a surface and parallel to a plane.

[0020] In vyet a further embodiment the method
comprises the steps of acquiring a 3D scan of the person's
head, while the person is wearing a 3D splint. Alsc a 3D
scan of casts of said person's upper and lower Jaw is then
preferably acquired. Next the 3D scan of said person's

head, while wearing the 30 splint, and the 30 scan of casts



person wearing said 3D splint is subsequently used for generating the 3D
surface model. [0021] In accordance with a second aspect of the present
invention, there is provided a method for deriving planning information for
repositioning a bone fragment, comprising the steps of : performing a
cephalometric and/or anthropometric analysis as previously described,
defifihg-@serofviftuaPpesitions ofsaid b fragafad tobefeatures of the
repagitioned; said pesitions being, defined,based onysaidianafemicaly, o the
landmarks, visualising the result for each of said virtual positions taking a
decRfdi6h whithioritdof $aid set Bf ViRbal positions P 88 5drte-y 1sed for
fragmend ta berrgpesitioned to:agddde saidiplanning information, based on

said halometric analysis and/or said anthropometric_analysis and on
a0 bation. [0052] 1F S SOVER B orOR R herTRaR T of the

positioas ¢esult fimanﬁyamiat?ortamﬂer rcﬁtatiorpml‘dhé@l&@he fafagmenhc?d for
[Oo@éég@%?gq ’%%%WEH third-aspegtiof the-p es%ﬁ%e&%@&%}&ﬁ%feés bone
provided a ice for cephalometric analysis and/or anthropometric
analysEyTsoiprisHg R CoRipLEingEnis&tasged for generating from 3D

scan d@&%&&%@“e@o%k?ﬁ%%}@%%e 20 cephalogram,-sald 20 5 ¢

cephalogram being geometrically linked to said 3D surface model via said
3D scafl&dsialigatich Feans forreprésetfting'saitt 2D cephalogram

andlor the-3R;suface model, and computation meansifor perfarming:said pone
analysis based on anatomical landmarks provided on said at least one 2D

cephaldgri aht/or'sh s&ifl 30 SEface bt  Said positions  being

defined based on said anatomical landmarks,

o+

- wvisualising the result Zfor each of said virtual
positions

- taking a decision on which one of said set of wvirtual
positions of said bone fragment to be repositicned to
add to said planning information, based on said
cephalometric analysis and/or said anthropometric
analysis and on said visualization.

[0022] In an advantageous embodiment the wvirtual

positions result from a translation and/or rotation of the

bone fragment.

[0023] In accordance with a third aspect of the

pregent invention, tThere 1s provided a device for

cephalometric analysis and/or anthropometric analysis,

comprising

- a computing unit arranged for generating from 3D scan

- data a 3D surface model and at least one 2D
cephalogram, said 2D cephalogram being‘ geometrically
linked to said 3D surface model via sald 3D scan,

- visualisation means for representing said 2D
cephalogram and/or the 3D surface model, and

- computation means for performing said analysis based on
anatomical landmarks provided on said at least one 2D

cephalogram and/or on said 3D surface model.



7 The 3D scan data are preferably CT or MRI data. [0024] Further,
embodiments of the invention relate to a 3D splint for use in a method as
previously described. The 3D splint may comprise a U-shaped part

arranged for fitting the upper and lower dental arches and is provided with

an extra-oral or intra-oral extension on the U-shaped part. [0025] In

accordance with a fourth aspect of the present invention, there is

provideda pregram;., execitable-en aprogrammaiiergevice eantaining
instructions, which when executed, perform the method as previously
deSPéiQEf@-} Short _d%ﬁPEiEH@@ of thg drawings.[0026] F&el represepisthe relate
generation of a virtual (lateral) cephalogram. [0027] Fig. 2 represents the
defirfitiorPof &l ariddrhitally tefated Fétererite ffamBE[0628] Figs. 3AT&Nd 1S 1y
3B fepresentthe defipitionof apatomicaldandmarks: Bath the tatetahped part
cephalogram and 3D bone surface model are used,to.exactly define the

o D050, Fig 1 e e5aht (1 e ST the 3D o rmeiage - areaes
tracing. [0630]Figi 5adpresehtsathearidvimgdone feagrhehtss beirigl extension
indicated, during, getsup of orthognatic surgery. [0031] Fig. 6 represents a

virtual result of orthognatic surgery. [0032] Fig. 7 represents the control
winbBAAdded to move tE BoneHHgmehts-0033] Ii}i?@‘?gtrgpré’scé?ﬁgfhe‘)f the
tracking:ehthe meovements:of the tandmarksien the yvisteatieephalogramsogram,

(Fi%gégja dboiw the bone suréace reg(r)esrent%t%r? (Fig.8 %vi[%)g\%] E:ig. % 2inin
represen“tls the §D-spﬁ°ﬁ]t alonié andFin 8o§ﬁrt%n etweenthe plaster Casts <

of theslentitibn.cThis which when executed, perform the method as

previously described.

Short description of the drawings

[0026] Fig. 1 represents the generation of a wvirtual
(lateral) cephalogram.

[0027] Fig. 2 represents the definiticn of an
anatomically related reference frame.

[oo28}] Figs. 3A and 2B represent the definition of
anatomical landmarks. Both the lateral cephalogram and 3D
bone surface model are used tc exactly define the points.
[0029] Fig. 4 represents the results of the 3D
cephalometric tracing.

[0030] Fig. 5 represents the moving bone fragments
being indicated during set-up of crthognatic surgery.

{0031] Fig. o) represents a virtual result of
orthognatic surgery.

[0032] Fig. 7 represents the control window used to
move the bone fragments.

[0033] Fig. 8 represents the tracking of the
movements of the landmarks on the wvirtual cephalograms
{Fig.B8A) and on the bone surface representations (Fig.8B).
[0034] Fig. 9 represents the 3D-splint alone and in

position between the plaster casts of the dentition. This



WO 2006/000063 PCT/BE2005/000100 8 3D-splint envisages fusing by
means of features of the extension. [0035] Fig. 10 represents the
3D-splint alone and in position between the plaster casts of the dentition.

wohissa@Bssplint envisages fusing by means of gutta-perch& Gh&H28S000100

5

10

[0036] Fig. 11 to 14 represent flowcharts of various embodiments of the
method according to the invention. [003“;] Fig. 15 represents a global
summary of the 10 flowcharts shown in Figs.11-14. De%?ileg d?;,cri tion £ th
of A& FReARSH [BPIBFRPERIertdTIeIforan Ba8GHate 3D “Séphaiometfic  —2¢
analysis,@fikene tissue and/or soft tissues, 15 the ability to indicate the
relevant points on the, 3D structures alone.does not.suffice..Pqin .
reiﬂﬂg r adequa?élgD ct{e%hgﬁ)?irgt?i%%asc%}%?t%;r%%r?lo%ﬁel%leﬁ‘%eedand e
onpbe BB stnudteteramsmavdilablelas h2D mrbsermétionandsiée-Véma: This
The present inyenti ibes ; puteris te atseMes_rercha
thi§ prob‘? %%%039%%% %%%gnt%%%%r: p%é%/idgg g%{rﬁetkr:a(;g1 to é}%definie3 ©
thenfraireork of a 3D surface representation into an anatomically
releyayidiamework. The angtorpically relgvant iamenemcalionsaot various
clinician to perform an 25 accurate cephalogetric and/%gnig[é)go etric

an&RSRIABEN FrtuRtive MENREF NIBrover 8 3t s itade fepresentation
compoising an anatomically relevaap frassewerk hagiwbabvavagathat ¢f the

allqws the virtual repositioning of bone_fragments in relation to
an%\?é?ﬁ‘i %ﬁyrtrteﬁe&g%tvﬁné%agrﬁg,sgo ma %g it particularly suited for the

planning of surgical interventions. The flowchart shown in Fig.11
summarises 4hg.g1a stepsotRednethad-agaarding to the invention.
[0 a |maIg|ng, a modality 1S any of the
[0038] n order to periorm an adequate 3D

cephalometric analysis of bone riggue and/or sgecft tissues,

15 the ability to indicate the relevant points on the 3D

structures alone does not suffice. Points required for
adequate 3D cephalometric tracing that are not well defined
on the 3D structure are available on a 2D representation

and vice-versa. The present invention describes a

20 couputerised system that solves this problem.

[0039] The present invention provides a method to
redefine the framework of a 3D surface representation into
an anatomically relevant framework. The anatomically

relevant framework allows a c¢linician to perform an

25 accurate cephalometric and/or anthropometric analysis in an

intuitive manner. Moreover, a 3D surface representation
comprising an anatomically relevant framework has the
advantage that it allows the virtual repositioning of bone

fragments in relation to anatomically relevant landmarks,

30 making it particulaxrly suited for the planning of surgical

interventions. The flowchart shown in ¥Fig.ll summarises the
main steps of the method according to the invention.
[0040] In medical imaging, a modality is any of the

various types of equipment or probes used o acquire images



various types of equipment or probes used to acquire images WO

2006/000063 PCT/BE2005/000100 9 of the body. Radiography, computer

tomography, ultrasonography and magnetic resonance imaging are
vaxamglesoddbr modalities in the present context. [0041] A methoBERIS/000100

device to perform a 3D 5 cephalometric apnd/or anthropometric analysis is

disclosed allowing a preoperative assesshent of a patient's anatomy.

The 'device comprises a computerised system, visualising image volumes

(. ET-imagR volUm&d)-and s%?fgliggrﬁgg  extraCEPHEMTL, togethgeTaphy

withu2 Drrsjectionarey-vatde hAdmages, resvdrinabX-raydmaggsare examples

geo, Oertricgl aﬂqléede\évityntr{e gT-ijr:%a engng: £o éanggd from it. The

combined information provides a means for ef ectively and accurately

ass€88ihgl the 3D anatomyasthid patiert's skelv4Ad softissueesiiffate. a 3D

51 Ne.le6haelagy flses classical 2D caphplomatiis 45 fracinas:With 3D §oRes ogeq
surface visualisation. The surface model can be generated using the CT
datd dSUésEriedRe AR Faper MARRARGTEREs A HRYPRESGIOR 3pRatomy .

Surface -GenstaictionAgardbm’ by Webndereaseibd. B Eiren(ACM sualising
Comg_)g\ter Gra hics%A(iM SIGGRAPH '87 Proceedings), val.21, 2% no.4,

pp. 1659489 VR 1887) \Fé virtiar xVay TmdGe teEphatbtafis) caT be models
obtamedaas-desciibed in tDisplaywafhsurfacesHromm volumeedatasl evogy -value

1 jElcE}ge%?mf%'.G@%u‘ab‘fpi(«SrQW%a?ggéé)gggtggﬁ%Z_L‘JQ?ﬂé] A3Red witn

scan of'the patient is the input to the” 25 system."The image volume is ‘
conipsseilofigealleddy Gxaputed vélifie eleméhR thatbasis old:épemnation

valyg-(8: 948 s9reyvalue) Theboxrshapednoxels.eRMpRsa 2 £oMRlet8sessing

image volume when arranged in a three-dimensional array. Based on
this‘itfage Yol B a3 Surfadd Bt tREbdAE Sttictfre s arfthior t7e' Sbft tissue
tissua:efwetope Theonsitleted déreqhireds it islpessiblelto add thepmatleaetric -
l§°ﬂ¥¥gé@g gm%ith 3D bone surface visualisation. The surface
model can be generated using the CT data, az described in
the paper ‘Marching Cubes: a High Resolution 3D Surface
Construction Algorithm’ by W.E. Lorensen, H.E. Cline (ACM
Computer Graphics (ACM SIGGRAPH ‘87 Proceedings), vol.2l,
20 mno.4, pp.163-189, July 1987). The virtual X-ray images
{(cephalograms) can be obtained as described in ‘Digplay of
surfaces from volume data’, Levoy M., IEEE Comput. Graph.
Appl. 8,3 (May 1988), pp.29-37.
[0042] A 3D gcan of the patient is the input to the
25 gystem. The image volume is composed of so-called ‘voxels’,
i.e. wvolume elementg that each hold one wvalue (e.g. a
greyvalue). The box-shaped voxels compose a complete image
volume when arranged in a three-dimensional array. Based on
this image volume, a 3D surface of the bone structure
30 and/or the goft tissue envelope is constructed. IFf
required, it is possible to add the natural complexion (the
natural tone and texture of the gkin) of the face to the
gkin surface generated from CT-data, by adding the colour

information of the face. To achieve this, a textured 3D



natural tone and texture of the skin) of the face to the skin surface
generated from CT-data, by adding the colour information of the face. To
achieve this, a textured 3D WO 2006/000063 PCT/BE2005/000100 10
vahimsuwbaas, acquired e.g. by 3D photography or laser scamdifgicagsnen1oo
added and registered to the CT-data (see, flowchart in Fig.12). As an
alternative, a series of 2D photos are acquired and by aligning the skin

surfS e model %from CT to the view of the éD phato, the texture is
tranaterred (00437 TH ar M 58D the Shiniciin dafinddoF WWhe@b¥heor laser
type:ohamndlygis. Axxephalomiind analysisepedomredeasurgments aidhe (see

levet of e patient 5 skyll, .110;@') apthropomefric analysisperforms . . oo or 2p
measurements at the level of the patient's skin. The present invention
alloWwacHefinifg % ariods teplammetit andisfthrsporitrichihalysesfere model

gven.agombination afihothy, The tyge ofanalysis q§HﬂPQOeSQH8 texture is

anatomical landmarks that should be 15 indicated by the clinician and the
medSFRMEHES §%ht are computed. (0044] Before indicating these
landinarksithe cliniciamhas:virually: positiones thagpatentiosrgate® fines or

lateral.cephalogram (see Fig.l), and preferably an 20 anatomical reference )
ks (P Gl fop GG T Eo e SyUMMOP B e Lo s

10.2) is instal e’@gr%placmg e
Alsparffontak cephalogeaensoptionalhegémeraled, 0045 Tihetdratonsicalkul 1 .

14efergnce frame,is A- coqidingie system afached to anatomi [!a%ﬁ%g%m%t the

points. 25 This reference frame consists 0f a horizontal, median an

verthG plarRE(Fig:2). R fH BHS Tefefdiice frifie, thecapastiorsvgnEéan allows
andileftirigiiare-linkesh withdhn anaionmy: of thepatignt LANSRILENYY 1hR 1vses

instajlation of, such anatomical, ieference lame alloys an gasy navigaton | eis
determines the anatomical landmarks that should be
15 indicated by the clinician and the measurements that are
computed.
10044} Befors indicating these landmarks the
¢linician has virtually positioned the patient to create a
lateral cephalogram ({(see Fig.l}, and preferably an
20 anatomical reference frame (Fig.2) is installed replacing
the co-ordinate system of the CT-data. Also a frontal
cephalogram is optionally generated.
L0045] The anatomical reference frame is a
coordinate system attached to anatomical reference points.
25 This reference frame consists of a horizontal, median and
vertical plane (Fig.2). With this reference frame, the
directions up/down and left/right are 1linked with the
anatomy of the patient. Consequently the installation of
such anatomical reference frame allows an easy havigation
30 within the wvirtual images.
[00461] In & particular embodiment, the gystem
congtructs such anatomical relevant reference Fframe after

the clinician has indicated following anatomical landmarks:



30 within the virtual images. [0046] In a particular embodiment, the system
constructs such anatomical relevant reference frame after the clinician

has indicated following anatomical landmarks: WO 2006/000063
WACHBE®DOGH/000100 11 1. two left/right symmetrical landmetissezepstims100
left and right fronto-zygomatic suture. 2. Nasion 3. Sella 5 The horizontal
plane is defined by the direction defined 1, together with the direction
Nasion-Sella and goes through the Sella. The median plane is

perpentici¥Pont fHe- Fi6+2BhtaFEiRet Eoftins tREIEHAGR difecion Bha  1eft

goes throughsSellagifthervestical-plagenis petpendicaiar on 10 the median
plane and horizontal plane and goes through Sella. Another reference
frame éan'ba"défhed based on the skin surface alone: 1. two left/right
symmeiricaelahdmarks: e.g. the pupils, 15 2. with a lateral view of the

dead, the direction of the  pupils tangent 1o the upper limitof the eap 33, 4 1

soft tissue point on the Tacial midline, e.g. on the soft tissue Nasion point

(Nakion-8pIridRaTizonthlplabeds défnedbiPihe dirsctiohstelihed 2090 Joes

1 apg 2,a94d qags traugh NasionsaThe mediaa plangis-nerperditlaron the
on the horizontal plane, and contains the direction defined by 2, and goes

d
throtir RRichts. PhE GerticaiBRaTE S pEifendigdial ohIhe higsaion and
andysaedianplaig, anslgees tieugh Nasien-sp25{R0473 Ihansxtéieplar on
 gnatpmical landmarks of the_ analysis are indiated. Landmarksare sy, ougn
Characteristic anatbmical points of hard tissties 5)r scl)}t tissties. The J
lan&mblles can be indicated on the surface model or on the

Another reference frame can be defined based on the skin
gurface alone:
1. two left/right symmetrical landmarks: e.g. the pupils,
15 2. with a lateral view of the head, the direction of the
pupils tangent to the upper limit of the ear,
3. a soft tissue point on the facial midline, e.g. on the
soft tissue Nasion point (Nasion-a).
The horizontal plane is defined by the directions defined
20 in 1 and 2, and goes through Nasion-s. The median plane is
perpendicular on the horizontal plane, and contains the
direction defined by 2, and goes through Nasion-s. The
vertical plane is perpendicular on the horizontal and
median plane, and goes through Nasion-s.
25  [0047] In a next step anatomical landmarks of the
| analysis are indicated. Landmarks are characteristic
anatomical points on hard tissues or soft tissues. The
landmarks can be indicated on the surface model or on the
2D cephalogram (see Fig. 3). Selected anatomical points can
30 determine an anatomical plane, which should be considered
as one of the anatomical landmarks.
(00481 Finally, the measurements (digtances or

angles) of the analysis are computed and preferably a



2D cephalogram (see Fig. 3). Selected anatomical points can 30
determine an anatomical plane, which should be considered as one of the
anatomical landmarks. [0048] Finally, the measurements (distances or

wanglegiafsthe analysis are computed and preferably a WO PODBIOTHR 160
PCT/BE2005/000100 12 report is generated. The position of the
landmarks can be adjusted. Possible mé&A&surements comprise : - angles
between planes (e.g. the inclination of the F,rankfugtetr:

*

lane with th
horFEaifalplafie BEfHEE 398 erehBE fiaTe)-+8RgI8s be v?ee%aﬁl%??gﬁ%ﬁ can be
poiatsjudinear distancdas betweantremtaricankspThisecan be the actual

distance hetpen peIN oLihe distance of (e polgls PIIRSIEAMN U of che

referenceaﬁfgngs: the

width and the depth distances

between i igointst edistahea®f & iaddmaie tolthe Fefersice fanes - of the

foroportional measyrements that compute the proportion between two
measurements. 15 Fig.4 shows an example of analysis results. [0049]

Several tyREGFCaHalGRBIRTRAST565 cBABE Hefined. In the set-up of
a specific type ot capbalomessc analysisprefesablsfoliowingelemenis can be

are defined: 20 - whe h%ﬂithe refere c% frames are gésed or rtl:?;[ﬁa q éftso

which onée*€ aafiiBer

nte of

%%%rslﬁ emgnt%egé}v@%%n%tc%ica andmarks

or anatonital plantsiase gefinpet:tkd landmarkdor acfmasuremeantisiaet:  the
1 glready d%féri?%qa@,thgﬁé/smtﬁ 25 Rewlandmark has 19 be defingd AlSg, two

freely orienta

15

20

a5

30

extra virtual X-ray images can be generated.
points,

- digtance of a landmark to the reference planes,

- proportional measurements that compute the proportion
between two measurements.

Fig.4 shows an example of analysis results.

[o048] Several types of cephalometric analyses can
be defined. In the s=zet-up of a specific type of
cephalometric analysis preferably following elements are
defined:

- whether the reference frames are used or not, and if
so, which ones,

- a number of measurements between anatomical landmarks
or anatomical planes are defined. If a landmark for a
measurerent is not already defined in the system, a
new landmark has to be defined.

Also freely orientated extra wvirtual X-ray images can be
generated.

[0050] Iin order to  prepare efficiently  the
repositioning of bone fragments the following requirements
should be achieved for an orthognatic surgery planning
system

- the planning system should allow repositioning the

bone fragments with respect to an anatomically defined



[0050] In order to prepare efficiently the repositioning of bone fragments
the following requirements 30 should be achieved for an orthognatic
surgery planning system : - the planning system should allow
wiepesitianisg the bone fragments with respect to an anatorRicEBEZ{Sfife 00
WO 2006/000063 PCT/BE2005/000100 %3 reference frame and with
respect to anatomically defined rotation?translation references, and - it

should visualise the results of any trhapositigging. Prefergblyﬂ (’ghe ggegtg,m%fcall
any repodifibRAERGR 5ViETRiselt th¥1dvel of The EReletor as Well a8 Y

on the leyekotike sefttssues/ {aG5Hlatthemprios Betsolutiens Aot

cinicians, perfom 2.planning, using 20.CophAlauaMSdn LYNIANAN Ml g
dental castings. However, as a 75 cepﬁa ogram is a 10 prcjection image,

3D inforntatiofeisdbsty whiletdentalf £astssonlp §iver3D infifRREiDRIGI:anT  are

5 very limited areg of the heaghand pravide,po infarmationenrthe §0fle11 as on
tissue. [0052] When preparing a bone fragment repositioning, useful
additionakiforkeatioh edn blopiained-dsiAl®fe 15 above-described 3D
cephalemetric analysis (Figh8). Psing: infermatien droreihke cephalonietri¢cians
analysis, the user étyplctaTlg a sur eon%gan r?ggsp?on bone fra mggt ina

virRaF WA AS arPeampRY Fid® 6 hows the Test ination

ot & Virtual maxil ary
repasitionihgn Differeattypesof 28draestation and sotaffonaritinpdsmsctto is a

1othe landmarks can, be simulated by means pfthe cgmpulerised,planRinGsent a1
syﬁemj. f—:or examp e% rotation around an axis or a translation along a
direetisrecambe’ defived a8 theiAfsrEesHen H&W@enﬁf&’pléﬁé&i‘éfi garea of

beingperpepdicuiario s planety 2hdbean bedelineddnstwe andmatkse .

[00[5{3:)’ é ;— g ]Create an e?fiaffgnwg¥gg>¥va?{§g gétqoeolf'lseerf ragment repositioning,
useful additional information can be obtained using the
15 above-described 3D cephalometric analysis (Fig.5). Using
information from the cephalometric analysis, the user
(typically a surgeon) can reposition bone fragments in a
virtual way. As an example, Fig. 6 shows the result of a
virtual maxillary repositioning. Different types of
20 ‘translation and rotation with respect to the landmarks can
be simulated by means of the computerised planning system.
For example a rotation around an axis or a translation
along a direction can be defined as the intersection
between two planes or as being perpendicular to a plane or

25 it can be defined by two landmarks.
[0053] To create an easy way of working, the user
can predefine in the computerised orthognatic surgery
planning system various types of surgery, such as maxillary
advancement, mandibular advancement, wmandibular widening,
30 etc. When he chooses a type of surgery, a user interface
asking to perform several tasks is popped up. At the end,
the surgeon can enter specific surgical parameters and the
bone fragments are moved accordingly (Fig.7). Fig.7 shows

parameters for the movement of the maxilla with respect to



can predefine in the computerised orthognatic surgery planning system
various types of surgery, such as maxillary advancement, mandibular
advancement, mandibular widening, 30 etc. When he chooses a type of
waLrgevyiiacaser interface asking to perform several tasks isHSGppEd IR0
the end, the surgeon can enter specific %rgical parameters and the
bone fragments are moved accordingly (Fig-7). Fig.7 shows parameters
for the movement of the maxjlla wjth respect to W, 2006/()8906§ K
PCSE3PB5/IB0106" T4 Hhé HRatorh iy detined Tefifencé ams fir ke are
landpatks are apaade chaegorging y aadihe enerement of tlee lantdimakiss with
with espect {0 their original.position isdlepicied (Fig 8){0. OISy Orsg 5) . 1n
increa eX|b|ﬁty of the bone?eposm ning 5 tools in the“planning sys%m
theaustrcarr defitrectiissee of bere cvdiver? fefdrbficesoraih&Ring 16 hioning
way gf working and Bﬁfé?{miﬂ% SEIQRIYm[00BAL Amalgarp dental fillngsni s set
can corrupt CT-images 10 at the level of the teeth. This renders accurate
visdlidann SIINERERSISE ERrGRuICGTEoVE, 168 de&ryisdett vorking
thespcelysiondhaideiais: ebthe teeth are very important. To image the
details of teeth, a very high resolution CT-scan is required, and in
consequence a high 15 X-ray exposure of the patient. However, it should
be HMBiddd to exposam:atient dehigh Xiayldoses. [0O55t0rortdr t6T - images

7 0inc[,iecase tt:lﬂe lev Iegje%etaig%t thg level.of the crowr, efthe teeth, without. ... até

Ul

increasing the CT radiation dose, a 3D-splint (Fig.9) is used with a 20

plafasuadtiardd geombtiyPREHgLPBotfrtRE sttddliappér aatewEr:, to
dentakarches atdhe samentime:Attashed totthis patatessplint fias aleeth are,

least one extension. This extension can be either extra-oral or intra-oral. _ .
The Spiint [EBOHRLEd i 3 nHﬁqﬁ)?ict%%téir%?ﬁiﬁs%ﬁnE&e%%’ 3 very high
radigdgegnit ion CT-zcan is required, and in consequence a high
15 X-ray exposure of the patient. However, it should be
avoided to expose a patient to high X-ray doses.

[0055] in order to increase the level of detall at
the level of the crown of the teeth, without increasing the
T radiation dose, a 3D-gplint (Fig.9) is used with a
20 planar U-shaped geometry and fitting on both the actual
upper and lower dental arches at the same time. Attached to
this part, the splint has at least one extension. This
extension can be either extra-oral or intra-oral. The
splint is produced in a non-toxic material that is almost
25 radiolucent.

While wearing this gplint, the patient is CT-scanned. Then,
plaster casts of the patient’s upper and lowexr jaw with the
splint in Dbetween (see Fig.8) are CT-scanned. The
additional steps are also indicated in the flowchart of
30 Fig.14. Using image analysis techniques, the features of
said extension are extracted from both the patient CT scan
and the cast scan. Based on these features both data sets
are fused, and the plaster casts are co-visualised with the

patient CT scan. Such a feature can be the part of the



While wearing this splint, the patient is CT-scanned. Then, plaster casts

of the patient's upper and lower jaw with the splint in between (see Fig.9)

are CT-scanned. The additional steps are also indicated in the flowchart

vob 3 égoaes. Using image analysis techniques, the features BET#REA005/006100

extension are extracted from both the patient CT scan and the cast scan.

Based on these features both data sets afe fused, and the plaster casts

are co-visualised with the patient CT scan. Such a feature can be the part

of tFEWEFL008f008B6S PETIBESDBB/000106 13 stitidte B SHiF LS Software
extgyisioni hbis atowswecuratesoftware qlanming atthedewelof crom#isead  of
of teeth1 Instead OE em Ilgé/igng fggtur s é)f t%%c %xtggsion, one cguldcalgg a
env?&%eo%:léngse of gutta-percha markers (see Elg.f@f Theoé»lsplintcfhen
contaims st deast despierical ggttd-pererer sharkees it s digaretéiief. 10) . The

?bgé%%ﬂﬂ{f{‘- Allegst apg marker shouldle positioned.an the extension_ne cns
and not in the same plane as the U-shaped part. [0056] After finiShing the

virtgiasRing tsih g 19tRESEREeSHalshttc réftendd frafitalitit Bife marker

enhaneedaimaging of the-teeth, dhe plastencasts aFIMQYAtadHH alh the same
articulator. The planning system exports the virtual planning results to the

artiChaRsT iRDriéfid oveRRE BrRster casts in the same way as in the
virt_L[ajqﬂamnir_]g 15 (s@éﬂewchﬁihiﬁslﬁ@r@)._Bependmgmlih@tgmxiﬁ?g_ using
1e?rt'%%'8t°%;£h'Sc%a%%fcpn%@:émce‘j 9¥1€%‘%%'P}’é@9 af@‘éﬂ??e.r&{ﬁ%ha@%e“é%amed
parameters in accordance with the planning output, or in case of e.g. a
motorisairartioflatoretotefvd that aeticulaeEan cale e AGtelrhEsteBein an

split, 20 intorsevsral components thesame precadure igrepeated for alls ~ruat
components. Based on the new gosition of the glaste_r casts_in the

artiEUHATEH ke piyfsfidl Surdical SIS b€ pratfged™ oxder to move the

plagter casts in the same way as in the wvirtual planning

also

15 (see flowchart in Fig.1l3). Depending onn the type of
articulater, thig can be pexrformed by modifying a number of
characteristic parameters in accordance with the planning
output, or in case of e.g. a motorised articulator, to
drive that articulatoxr. In case the model has to be sgplit

20 into severel components, the same procedure is repeated for
all components. Based on thé new position of the plaster
casts in the articulator, the physical surgical splints are

- produced.
{00571 Alternatively, the surgical sgplints can be

25 digitally designed. A box-shaped or a U-ghaped cbject is
introduced in the goftware and the intersection volume with
the plaster cast model is computed, after which the
inserted object is removed. Thig object is then produced.
Several available production methods can be applied: e.g.

30 wmilling, 3D printing, stereolithography, sintering, .. Using
these production methods, the splints are directly produced
or otherwige a model is produced from which a splint can be

derived manually by routinely used techniques.



[0057] Alternatively, the surgical splints can be 25 digitally designed. A
box-shaped or a U-shaped object is introduced in the software and the
intersection volume with the plaster cast model is computed, after which
wheowsestesl object is removed. This object is then produce8CTRRERYE 100100
available production methods can be applied: e.g. 30 milling, 3D printing,
stereolithography, sintering, ... Using thels® production methods, the
splints are directly produced or otherwise a model is produced from whjch
a sﬁlﬂﬂ%&o?n be deriv@&ﬁ%{nuall}%ﬁ routﬁﬁiei nﬁé‘élt?techrjﬁ(eqﬁlggt\ﬁlo o the
20064000063 & BHBE200b40681 000 16:400568] Alsepthelpansingaesels ofto  a
the maxillofacial surgety.planning.can be expor@d 10,8 sul icaly, £l
nav?éiéﬁ%lncgéstélr%‘,”ég%r%/éi%gteayi.rgm %ﬁéﬂ Howchart o cFailog.lf. 510059 owehart
Optidndllys tA& surgeon can also work the other way around. The surgeon
Eperfﬂfﬁls%? (possibly @%@@Dnm%l sugery en-dhedqlastescasts. ko check the

this model surgery with the remainder of the skull, the new positions of
the FFBGEIS"EE CTEEAANTIThRVEEAR SREERITthe 1PpRRMMY Partial)

systemdly reaas efregistration. Besedan angsek More uralierrd pafts Ofiodel
the current plaster casts and the qriginal_plaster casts, the models are .,
regRAERTBY Y5UrfAck MatcAy &R the’ ﬁaﬁ%%rrﬁaﬁgs% mé_tir:fn o fof (RS Lons

€
bonefsurfacerar@kimoven: €l 5CI7 Chads 1. Method ferpetformirigeaed in the

1Fenbalometic apalysis %Qg/%%@lgn@fowggg%@&ﬂs cgmprising the e or

steps of - 5 - ac iring a 3D scan of a person's head using a 3D medical

imageanodaktytered parts of the current plaster casts and the
original plaster casts, the models are registered by
surface maitching and the transformation matrices for the
bone surface are known.

is



10

15

20

25

30

- generating a 3D surface model using data from said 3D scan, -
generating from said 3D scan at least one 2D 10 cephalogram, said at
least one 2D cephalogram being geometrically linked to said 3D surface
model via said 3D scan, indicating anatomical landmarks at least on said
at least one 2D cephalogram, 15 - performing said cephalometric analysis
and/or said anthropometric analysis using said anatomical landmarks. 2.
Method for performing a cephalome#ié analysis and/or an anthropometric
analysis as in claim 1, wherein said medical image modality is magnetic
resonance 20 imaging or computBifef&graphy. 3. Method for performing

an analysis as in qclainyd+g[-2 whgtein ﬁg@%gg{gce model eSHUB 1 o

a bone structure surface and/or a soft tissue envelope. 4. Method for
apaifpRhing BEI Ry SR a SRt PEoRaret AP Rl SSFthEPERRpAdGiAG the
sthe,stepsof ; visualising said generated at least one 2D cephalogram

together with said 3D surface model in a virtual scene. 5. Method for
- pEHfETHIiFG B8 arfaly3ik asfRtanybf chinRer &R Rirthadmpiding thé 3D

steRPf 34 detesminipg dareferegnce frame from anatomical reference
points on said person's head. Printed' X9/06/2006 CLMSPAMQ:i

- EBEDSEBLONES A. MEthSYFGrRFEfOPRATY aaRaysidasin BRyf Saftns 30
1 ta.anfurther comprising the step of generating a report of said
cephalometric analysis. 7. Method for performing an analysis as in 5 any

- ofaBARAAE 198, fukk&confitising thE step St providing gBB&tBD one 2D
phaiggEaphs-Eam whictia textured=32 skinsurface isglekivedgram being

geometrically linked to said 3D surface model wvia said
3D scan,

- indicating anatomical landmarks at least on said at
least one 2D cephalogram,

- performing =said cephalometric analysis and/or said
anthropometric analysis using said anatomical landmarks.

2. Method for performing a cephalometric
analysis and/or an anthropometric analysis as in claim 1,
wherein said medical image modality is magnetic resonance
imaging or computer tomography.

3. Method for performing an analysis asg in
claim 1 or 2, wherein seid 3D surface model reprasents a
bone structure surface and/lor a goft tissue envelope.

4. Method for performing an analysis as in
any of claims 1 to 3, further comprising the step of
visualising said generated at least one 2D cephalogram
together with said 3D surface model in a virtual scene.

5. Method for performing an analysis as in
any of claims 1 to 4, further comprising the step of

determining a reference frame from anatomical reference

peints on sald person’s head.
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Method for performing an 3 it any of claims 1 to 7, wherein
&ifl analysis comprises the riiination of linear distances between
two landmarks or the distance of a landmark to a reference plane. 9.
Method for performing an analysis as i gny of claims 1 to 8, further
comprising the steps of acquiring a 3D Scan of said person's head, said
person 15 wearing a 3D splint, and.a 3D scan of casts of said e§on's .
upper and lower jaWand%%%?coﬁﬁﬁrisﬁﬁ%ﬁ%@ tepBf fﬁgingef%aaséf& on &% 1
fgatures of saids 3 splint, said 3D seap ohsaid perspar'sdead, salle step of
person wearing said 3D splint, and said 3D scan of casts of said person's

GPPEF V088 W TRY. L0 MR rersRMmIAmY &t 8@?&1 %5 i -

claim 9, whereby data freg.said 3B seanefsaid-persgn aveadne: 38id3D as in
splint is used for generating said 3D surface model. 25 11, Method for

FBYivViRg plaimddmfornalich for repositionfiy aBomeHaymeht, the step of
gomprising;thesteps of; perforaing a sgphalometsis analysis asd/eraetured 3D
anthropometric analysis as in any of the previous 30 claims, defining a

8kt 6f VirLARF6siiBNS6FSaid Bone fragment to be repositioned, said

positions being defined pased an said apatenicabiandmark, B lysis as in
=19/06/2006: CLMSPAMD E BE05001.0i 19 - visualising the result for

earh of saidaddmeal posifons; - KHEES BeFSidR ofRePdie SIYTRfsefes the

St virtual pasitigns of said hepe fragmentto-he wposiioned tocS B dnarks or

said planning information, based on said cephalometric analjygil_?eand/or

5. Method for performing an analysis asgs in
any of claims 1 te 8, further cowmprising the steps of
acquiring a 3D scan of said person’s head, saild person
wearing a 3D splint, and a 3D scan of casts of said
person’s upper and lower jaw and further comprising the
step of fusing, based on features of said 3D splinmt, =aid
3D scan of said person’s head, said person wearing said 3D
aplint, and said 3D scan of casts of said person’s upper
and lower jaw.

10. Method for performing an analysis as in
claim 9, whereby data from said 3D scan of said person
wearing said 3D splint is used for generating said 3D
surface model.

11. Method for deriving planning information

for repositioning a bone fragment, comprising the steps of

- perfcorming a cephalometric analysis and/or an
anthropometric analysis as in any of the previous
claims,
defining a se=t of virtual pogitions of =aid bone
fragment to be repogitioned, =2aid positions  being

defined basged on said anatomical landma ks,

ARERNDED SGHEET _ S RTI04E000




ob2: Method for deriving planniiig 4bon as in claim 11, wherein said E
irttual positions result from 10 a translation and/or rotation of said bone
fragment. 13. A device for cephalometric analysis and/or anthropometric
analysis, comprising - a computing unit-ggranged for generating from 3D
scan data a 3D surface model and at least one 2D cephalogram, 15 said
2D cephalogram bein geometric‘ﬁ: linked to said 3D surtace mogdel via, : .
-sait i 35 A4, - VidiRlisation éansggrrrepr%%gn ingos%d ZgD}:1 P81V ireuan
cephalograpm aand/or said 3D surface model, and - computation means for
performing said analysis based on 20 anatomical Iandmgﬁs E:ovided on

e

-saitiat jewst onedHT icepRRloGRAMAIHEr i aid3D Sif fodelCta, KT E1Al

de%ig% far.cephalompetug, apalysis,and/ok artbropometrip analysisad i oned  to
claim 13, wherein said 3D scan data are CT or MRI data. 2!%%55. %t ¥
5 progidm, executabliédn aprabFaffablé dRFlontaining ttttions 5%

Wh@@p\%gﬁ%ﬁ%ﬁc}‘;ﬁfi' perfarm thesmethodasda anyf the claims hitep2metric

analysis and on said visualisation.

12. Method for deriving planning information
ag in claim 11, wherein said virtual positions result from
19 a translation and/or rotation of said bone fragment.
A 13. A device for cephalometric analysis
and/or anthropometric analysie, comprising
- a computing ’unit arranged for generating from 3D scan
data a 3D surface model and at least one 2D cephalogram,
15 said 2D cephalogram being geometrically linked to said
3D gurface model via said 3D scan data,
- visualisation means for representing said 2D cephalogram
and/or said 3D surface model, and
- computation means for performing said an}alysis baged on
20 anatomical landmarks provided on said at least one 2D
cephalogram and/or on said 3D surface model .
14. A device for cephalometric analysis
and/cr anthropometric analysis as in claim 13, wherein said

30 scan data are CT or MRI data.

25 15. A program, executable on a programmable
device containing instructions, which when executed,

perform the method as in any of the claims 1 to 12.
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