METHOD FOR DERI VI NG A TREATMENT PLAN FOR ORTHOGNATHI C
SURGERY AND DEVI CES THEREFCOR Field of the invention
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assessing the shape of the skull and soft tissues and
for determning a treatnent plan for maxill of aci al
surgery and nore particularly for orthognatic surgery
and devi ces used in such surgery or in the preparation
thereof. State of the art [0002] In maxill ofaci al
surgery, the skull and dentition is surgically
renodel |l ed or restored. This surgical discipline
enconpasses surgical interventions of repair, in
particular, of a ms-positioning of the jaws with
respect to one another, called orthognatic surgery.
Typically, orthognatic surgery involves osteoton es of
the maxilla and/or nmandible to reposition these bone
fragnents correctly with respect to the rest of the
skul | MEAAOP oFOReREBIYINGOH | 5 £33 E
surgical operatio e shorten
| engt hen or chang?agggﬁg.aﬁD DEQEEE ﬁkE%g sion’'
meant the manner in which the teeth f rom upper and

| ower arches cone together when the nouth is closed.
[@hﬁ@ﬁ'ﬂﬂrMMbﬁmﬂﬁnbﬂpnﬁ such a surgical intervention

ra@ighqs | mpl emeall @ecgérttodﬂwé&%t@ £adhegsarly Grethods for

technrques O thodontic techniques [0004] A casting of

t hespatdient 'tsherasdabel af &he mmuﬂﬂzﬁwddenftttoﬁsues and for
d These castjn eneral |y _nmade of, ter

R eRgE o SCSrPPEh RroR FOL: Qe anel Tifgery and

t epRer gsdmndi b Ay | BbAt SréR8ghavi FERDRGSryTR@d devices used

castings are used to simulate the relative

dﬂ@pﬁwghnﬂﬂrgqﬁﬁ(ﬁagltdhe preparation thereof.

State of the art

[0002] In maxillofacial surgery, the skull and
dentition is surgically remodelled or restored. This
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 fragments
correctly with respect to the rest of the skull and to
create a good - occlusion. Osteotomies are surgical
operations whereby‘a bone 1s cut to shorten, lengthen or
change its alignments. With ‘occlusion’ is meant the manner
in which the teeth from upper and lower arches come
together when the mouth is closed.

[0003] The preparation of such a surgical
intervention requires implementing orthodontic and

radiographic techniques.



be applied to the jaws to create a good occlusion. To

enabl e the surgeon to respect the sinulated relative
w@o®edwrs, a splint, i.e. a plate conprising POI/BE2IS/000100

of its surfaces tooth-prints of the two castings, is

made. The splint is used to nmaiBRtain the casting or

the jaws in relative positions where the teeth are in

ocotteb@bnt { 8008EhSi Gest he surgical intervention

generally 1ncludes osteotom es of both jaws

t wo
spl9994] are genet aldaetiaie Plonfhfe RRFIAPE Castidysibular and
[ i1 .so-cal lL.ed_jpi ti pl.i L ki
B B e o R
i nbEryeaston, §0806heA sounakbedni ahenmedcalytspl rebresenting
determ nes the foreSﬁiable disg%acgnent of the maxilla .

5 wi e r ERPRET O T BRRALC AR BPERtiheRCt REVnBRECEIES i dhEn castings
i tororighaato( BaRAGHRA! ittR) RO AN 4T BadPhéM that has to
enabl es the surgeon to place the maxilla back on the
skive | aippliilesl desi ridee dofdws t toe quosite om bebode occlusion. To
intEQVfginghgn é&g ngﬂdigle.rééso-gal ﬁg detinit%vg lati
SpTTAt. det @i nes TheockPust SAPSE ectiiVe toTheated relative
susqs tied dbiys achi eyethandiis. thuslasedcbRpedBiagt byt each of its
position the mandi ble on the skull by setting the

10 poxiefaredf toRéimeiditice @ft Fhesheet tastiigs, is made. The

FB%%i? lMeegéae%csmmafi}&%-inwmgf Lnd €HBN GHES jaws in

The preparation of the surgical operation also
usesla¢ ey pesi ographehefet tlee paeeent ardypncattyuaion.

| a radi ograph (cephal ogram.is. perforned.. .
SOL§¢¢%£S afro %ﬂé%cr S radlt ph ahdtofReption generally
r ath OpicRdy wethdibheeent ofi ewsodie pawkor maio Th&SBints are
radi ographs enable, in particular, performng an

15 appnesd et e $adal L08h Wdie tdnigper gapléngsti 6a gBbggjon to a

Ths?o~s<j:am"ié"}ii (1@1iitiaﬂer£‘>85[fﬁg "?{}H@Mé/ ftrh%m Bwo jaws 1in their
occlusion position before the intervention.

[0006] A so-called intermediary splint determines

the foreseeable displacement of the maxilla with respect to

20 the mandible, when the mandible is 1in its original

(preoperative) position. 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 respect 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



traci ng paper placed on the radiography. For exanple,
| andnar ks are indicated and the contours of the

worasvdiolloes ar e drawn. The traci ng paper is thenP@DBEZDOS/000100
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approxi mately reproduce thereon the desired
post - operative occlusion, after3which the maxillary
contours are drawn. The nmaxil | omandi bul ar assenbly

draws SR ihe 1lhCiale RRRSToiged hemdmy ethd ib@repid askable, in
whi l e respecting cephal onetric standards, labial
r @eings.cuderne] PEESOSTREE cPTt BRI RAGH § o e tise of the

f; i nt hvengk%qbnThe direction and anplitude of the

' qﬁegféﬁwghenents'are t hus radi ographically and
appo@d]mat el y dehenedimiltet T@suliss pridumgedi mahatlodoy from a

are conpared and adj usted accordin 0 the relatjve
NGERGH IS PRESKanBiBFE%and of thfe %ﬁé??gﬁaﬁ Vi sageld pgrample,

M ansiRfddhes P! i AbS catkf00a Thecacidlosidubat ion qgandible

an orthognatic surgical intervention is thus perforne
essentdraiviny. Mieudidacincumarsy ishithai maerd dro i gpprdyimately

done in two dinensions, based on pl ane profile view .

of Snouiet | CheF0T0] iAo CUPFRRE gRRRratroRbrTS Scelusion,
CEFERANRQLTHIN d8adel BhtedcdRrbuter Brbi @rain t Ehe maxillo-
patient's anatony. Based on this data, 3D surface )

r eEPS e oASseTPiHe BEREL amd t BBSsKITRSHRY ad@Rfe 1S then

passiy e. ;Bone fragppnis. cap, i sol.at.ed~+apd oy, 1 ;
mﬁ?ﬁkgtspégﬁ t%ﬁéacgﬁbfﬁ%r. %ﬁ?g cou?%ﬁp?ovi%e a Shalonetzic
suitteatdleerdzasilaficr]l argbnpet ersassilst eds opthegnatdideria known

S ery planning system However, the currentl .

Al dB1E dDRGrTheant EpYERERPHY | SHS ANGSETTR At Mg litude
Pravi deea $aki;t Al H T AMWHK GORPritsuRY A8aiegtrsphli¥ally and
rel evant references, which allow the clinician to .
easidnpxamatiedlyi abtfineposThroresHdre 9F aghiAt SimulgEion are

SR SRRy BRI MO puis potion of

demHevathidiNClan&cans thle maxilla envisaged by means of the
splints.
[0009] The actual simulation of an orthognatic
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
this data, 3D surface reconstructions of the bone and the
skin surface are possible. 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
surface representations algorithms do not provide a
suitable framework comprising anatomically relevant
references, which allow the clinician to easily and
reliably reposition a bone fragment in the wvirtual 3D

environment. A second problem is associated with the use of



patients having amal gam dental fillings. Teeth amal gam
fillings create artefacts that appear as streaks on

W0 b@ealoosrages. Usi ng these CT i mages as ' suchPCI/BE2®5/000100
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i npossible to plot on a three-dinensional viewthe

exact position of the teeth to“%btain the bite. [0011]

Pat ent docunent W03/ 028577- A2 di scl oses an appar at us

ang medheehdor faprbeahiagionkhognatiwe$ur gir6al CT-scans of
splints. It also relates to a nethod for creating a
c@@tﬁl}mﬁ%e@a@@mosatﬂélgﬁm | dgpgel sGilabngstorTeeth amalgam

03} 3, and treat n
OIS, MU Tkl 20000, L8 k008 ) e
dafiagje sCONHIlEy tm;w@ of ihegpat bentushdenti tusom@rcesmble to

generat ed, both conprising a sane set of fiduciary
n@rl@@r@ﬂ@n‘ish]éﬁ?eI%“?%%Je‘ﬁrﬂ?%nV[LGYﬁlﬁFeTﬁé‘aﬁFe?é’rﬁltlon of the

| E&\é%@tﬁ QR %b%%.ltﬂot}?{ ovi;de. a net hod for perf ormng a

cephal onetric and/or anthr ‘oponetric analysis. In a
sd®®1d.Jobj ect tPaalemE t dopuneide WO OANES Tordedigragses an

23?@%‘%@%&%@2 RBo%] T o Phbr S by Be P L B L Surgical

prRuiigde devirges agdit abkeather eter. aSungBhydof céhe creating a
i nvention [0013] The present _invention relates to a
n@pﬁmtﬁ?rlsﬁéirf@?‘ﬁ@%l%ecébﬁéllom@q]c gpgraple for diagnosis
ant hr COIpr, t 1

A PR MR PR e nE R Ty godel of the
meditdainti’ rmgbormda.ttrgq:turgemmtcat iangdag3bajdurdlageal computer

rmdel usi ta fromthat 3D sca eneratl fro
Soh B oRt A 0 Aol PIC g boch

' Id%@ﬁ‘fs@.r{gh%. %lamwé‘ea&%ﬂmaudl@%caaama@at oni cal
| andnmar ks on the at | east one 2D

Aims of the invention

[0012] The present invention aims to provide a
method for performing a cephalometric and/or anthropometric
analysis. In a second object it aims to provide a method
for deriving a treatment plan for orthognatic surgery,
comprising said analysis method. In a further object it

alms to provide devices suitable therefor.

Summary of the invention

[0013] The present invention relates to a method for

performing a cephalometric and/or anthropometric analysis

comprising the steps of

- acquiring a 3D scan of a person’s head using a 3D
medical image modality,

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

- generating from the 3D scan at least one 2D cephalogram

geometrically linked to the 3D surface model,



cephal ogram and/ or on the 3D surface nodel, performng
t he cephal onetric and/ or anthroponetric anal ysis using

wo b@saombdm cal | andmarks. [0014] Preferably tP€I/BE2005/000100
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nmedi cal inage nodality is nmagnetic resonance i nagi ng

or conputer tonography. The 3D Burface nodel

advant ageousl y represents a bone structure surface

and/ ehadcselhot ISt EA! OPenahdPLS] dit @' gfenkade one 20
enbo I ment t net o urther conprises the step of

vi suakpbhhggsaind ageiierabed the Beastirdres2Daceghal ogr am
together with the 3D surface nodel, in a virtual scene

[ 0B26F ORI EAt aged®s| \FHR IAHIA F ur BREY CFonprisRECPOmetric

the debeymini ngiah %h(eeg%%%gc bname fanempianat om cal
reference points on the person's head @£0017]

PrEf®i4bl y i n a Fugfidrablst eghie r eppsticadt timeage modality is

cephal gnetric analysis is., enerated 018] 1 n another
ittt | FrathantRy b Relekt| fdrphP ERorIReR MY The 3
Prawiiidg ABden Hxphet @.E)eELEy frephaskinty aat @dny edtructure
3D skin surface is derlved [0019] The anal ysis

tﬁmrc%qey U s%sscffﬁe et Wi AT HPPDF | i near
Qﬂes bet vwe Lgﬁggﬁégstﬁggal%bﬁkaQQEEqﬁe@hod further

Ian mark to are eren ane, di st ance bet ween
Ianmmmﬂeegntmeceeépomﬁavﬂsu&iish@gesabétﬂﬁm@rated at least

| andmar ks or anes, ro ortions, conpu
L ceoreRenPeat, CORECRPEL ACE Bebweth XUy 7 el in 2

alpng g swdaee and parallel to a plane. [0020] In yet

a further enbodi nent the nethod conprises the steps of
ackflmrﬁ]ng a 3D dehmrdfagaealsdet sbhe ndieief hHitasfhecomprises

rsonod S e “ {ig, a §’P spl 'féfe]ﬁel’?@ea 2P ?rﬁ&anfloémcagﬁétomlcal

Sai T PErson’s Upper and TOwWer jaw i's
reference points 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 photographs, from
which a textured 3D skin surface is derived.

[0019] The analysis typically comprises the
determination of linear distances between two landmarks,
the distance of a landmark to a reference plane, the
distance between landmarks projected on a plane, angles
between landmarks or planes, proportions 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. Also 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 3D splint, and the 3D scan of casts



preferably acquired. Next the 3D scan of said person's
head, while wearing the 3D splint, and the 3D scan of

weawbsafocsipper and | ower jaw are fused, based BOI/BE2005/000100
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features of the 3D splint. Advantageously data from

the 3D scan of the person weari®ng said 3D splint is
subsequently used for generating the 3D surface node

. olf 0023k R Sesend phiestet fasedyebbised el deeguresa of the
met hod f or derivina pl anni_ng i_.nfornmation f

or
r 8Postl bmf ng A&t gegient 32E8npri S ngHhe>Bt &sfibr ©F  the
;RSFQSETQ&gAPED Cus y'g&ﬁtgﬁfiﬁadhgg FUIYLRRARIKI Cused for

ySi's as previo escribed, - defining a set of
Vigeheahtposi thensofsutfadsonmedalagnent to be

repositioned, said positians.heing.defi. S
tﬁgogﬂ;tonical EEn&nEFfQP P?Qﬁ%%ﬂﬁ%ff%§§%é§;§¥;£%¥ﬁ§es to a
Viktualy Ry tdonsyihe pesHhingf ihepesition Mpr heedswierioning

fragnment together with the |andmarks in the 3D surface
ned dlonand regmend 2 Daaptialiog &l SR8 mf a* deci si on

on an iptra-operative repositioning of one :
f r agheht OBas® _onathecfggﬁngﬁggch aﬁ%%yEFQ ara Gy cpometric
the yisiakisahyoprel,08d8]y| Besbrabedant ageous

enbodi nent the virtual positions result froma

t randéftnongandset o6t atirsiadf Posd tiewe fafagrshtone fragment

0023 t h bj ect 2 i it .
ovi B PO GRS heteT e HAGPob o R abonBer f Corined based

anal ysi she COAREbBEBG1alaatpdaikag unit arranged for
generating from 3D scan data a 3D surface node|l and a
2D cephakbyeany géoeericlalify thenRdd tustlt RS 1QRT ddee result

Tl o i SALAR, TRARS bohe CRASRAM NEJPRIZD with the
landmarks in the 3D surface model and on the 2D
cephalograms,

- taking a decision on an intra-operative repositioning of
the bone fragment based on the cephalometric analysis

and on the visualisation.

[0022] In an advantageous embodiment the virtual
positions result from a translation and/or rotation of the

bone fragment.

[0023] In another object the invention relates to a

device for cephalometric and/or anthropometric analysis,

comprising

- a computing unit arranged for generating from 3D scan
data a 3D surface model and a 2D cephalogram
geometrically linked to the 3D surface medel,

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

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

cephalogram and/or on the 3D surface model.



and/or the 3D surface nodel, and - conputation neans
for perform ng the anal ysis based on anatom cal

wo a0vdienoks provi ded on the at | east one 2D cepbeil/BBH26@00100
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and/or on the 3D surface nodel .The 3D scan data are
preferably CT or MRl data. [0024] In a further object
the invention relates to a 3D splint for use in a
rreThed:%HSS«paﬁvﬂaual yrdep@@iﬁbedbli}heTSBxS PlRITNGata.

‘5 ﬁsau-sh{jrg I%art arranged for fitting the

EE % d | ower tRenfalFU&téRds AHESts td?%v%’a‘éﬁnw—t?ﬁ &flates to
exgrgDor 1iQft | pbFayeeal i ,ext ensi-en &”héhﬁréb§gﬂgf? described.
part.[025]InalastOJecttelnvenlonreaes

t oT]ae pragr sanl executcipel ors a Pr dhrsmmmedl e dei carranged  for

CETREAChE By HOUEF HEGCodnGrE e PRt £ anrovided

0 &1ﬁmeaﬂr@ﬂtEgSoEQQ26E Hirtbral d@Pr esefdssihe on the U-shaped
generation of a virtual (lateral) cephal ogram [0027]
Fi®2Tr2- represents the definition of an anatonically

ret@6 referenqglf ang.q L Q tf'gﬁe %ﬁv%ggl%g relates to a

represent the definition of it om cal
Bapogtean ) atee«lea:lutraﬂﬂheal ogr am epsmb@&rhmteléurd‘eaﬁe:ermd@htalnmg
0 &re used to exact efine the points. [0029] Fi

10 1SRt st QI 1 ¥ I ‘QﬁtFe]?h§X§9uE§61halRﬁﬁe§?1ﬂE F?‘&cﬂf@th@d as

52030 &9 aSs¢epresent s the noving bone fragnents
belng i ndi cated during set-up of orthognatic surgery.

[0031] Fig. 6 represents a virtual result of

OTHIN0NUL Ce SHIORLY. o OBR2) aFlh o7 epresent s the

[0026] Fig. 1 represents the generation of a virtual

(lateral) cephalogram.

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

[0028] Figs. 3A and 3B represent the definition of
anatomical landmarks. Both the lateral cephalogram and 3D
bone surface model are used to 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 orthognatic surgery.

[0031] Fig. 6 —represents a wvirtual 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.8A) and on the bone surface representations (Fig.S8B).
[0034] Fig. 9 represents the 3D-gplint alone and in

position between the plaster casts of the dentition. This



[0033] Fig. 8 represents the tracking of the novenents
of the | andmarks on the virtual cephal ograns (Fig. 8A)

wapaeoomoshe bone surface representations (Fi g.P@BBE2005/000100
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[0034] Fig. 9 represents the 3D-splint alone and in

position between the plaster cats of the dentition,

Thi s3D- splint envisages fusing by neans of features
0f313t-@%>_1el>s~1ten§homsage_@,%fu&iﬂg 19, repeesends theitures of the
3D-splint alone and in position between the plaster
caxttengfiarhe dentition. This 3D splint envisages

fusy by neans .of. gutt a- r _ ) ' :
1¥%tog)'%£4 repr eseF(r%tg'f ﬁgm%r%rteg%e%ﬁ)§sD es[nglgl [ rreér?fcgne and in
ofpddie ikt hesk weeor dhag pllasthe icwent | of. the03@ntHitgion. This
15 represents a gl obal supmary of the flowcharts shown

i R0F FRLIIME 1400339 ¢%d HBSLREpt P¥n JE3FFe iHverdiohd -percha
[ order to perform an adequate 3D

cgr%%%egln%tri c analysis of bone tissue and/or soft

ti[9D3ed, the abFhpty 1flo tiondidc stepndrente| fhewnhapdisitael various

on the 3D stru res al one, does not suffice. .Point.s,

r ?H&ﬂqdé&l é’%ﬁe R T LI JtI}chut a8 g YA on
ar@o3at; wel | defriiged Dn ther3Besiiuci uggodbe ayahh&ab) eof the
on a 2D representation and vice-versa. The present

i ientdher tde SA19vBe s e FdEfhdtlerised system that sol ves

this problem [0039] The present invention provides a

nmet hod to redefine the framework of a 3D surface

r Pertesidridatdese nipttd.cam ceh dthen igetdnt dragl evant

fr rk. The anatomi cally relevant .framework al L ows
a @rbﬁ\r%qci an to S@rfo? SR actlr at BSEEPA%EI ondtri caéequate 3D

AR/ 1M ARO MR liFs BN ab § Shéné Nt @B sUB! Winkl/ve MYMENtissues,
Moreover, a 3D surface representation conprising an
afrdtconbbal L yr et @vamdifdegrewdnR haglewvent 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
computerised 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 clinician to perform an
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,
making it particularly 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 to acquire images



advantage that it allows the virtual repositioning of
bone fragnents in relation to anatom cally rel evant

wo a0vdienoks, making it particularly suited for PEEBE2005/000100
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pl anni ng of surgical interventions. The flowhart

shown in Fig. 11 sumarises the2main steps of the

nmet hod according to the invention. [0040] In nedica

| egi ng.tke nodBbaly 1S Riedrapieyyari asnguges of tomography,
equi pment or probes used to acquire inmagesof the body.

Radh 6 2RI reppLted PRFBeF AphyeSaneraSonBaPARAy 24Rdexamples
nqﬂgﬁt' ce.li [ e for nodalities

int éh%?%§£§¥g%oﬁ?e£?§ ?%%%%ftAéﬁg?%%g'and device to
petd@®id a 3D cephal maehpidc andi or demtibeoponet r perform a 3D

anal ysis is_djsclosed all ow ng a prepperative, , ,

AR GTLS BREY BR S ARARIELTHe Sdgdyees is disclosed
COPI bi$BSy 8a CRNRELELL S 8deS halasmintualfl Sd NGt fBFGE: o anatomy .
vol unmes (‘e.g. CT-1nmage vol unes) and surface nodels

exihec ey faconrprprigget her camu iy ige] esvis¢em, visualising
grey-val ue-images, i .e. vittual X-ray ingeges

GEOTRLT | CBMRRT nice w Eh - ERETeT Tl Bna Bemsiifatree models
f remtdctddiereomnbiited tiodarimat i @Hthr o0 desoped®Bhs §OEyv-value
effectively and accurately assessing the 3D,anaton¥_of ,
ttﬁﬂ%ﬁﬁ%fﬂﬁ’%-sﬁiﬁqu%&mﬁéﬁﬁY tThadee %%?W%E@}Cqﬁéy inked with
tﬁﬂﬂQQfPQWhéyégén&|&ﬁﬁé&@éd?ﬁk&ﬁpfélOfﬁéréS iﬂé&ngﬁformation
wi th 3D bone surface visualisation. The surface node

cardel dpmenaredngsifvy t L STt tmedy asddesuritmrein assessing

t aper Marching bes: a Hi gh Resol uti 3D Surface
st T8 SO RPEET Thnihsy B Eent gy crihl AR BotES tissue
Adurer { ACM Crap U eFhriF By CFucAGM Sl 4EFAP ' 8D cephalometric .
Proceedi ngs), vol. 21, no. 4 pp. 163-169, July 1987)

. CHRCVAGY Ul tR- 38 PagesUrdasital b4PaAs) SehroBe The ~surface
0 { nhed sgrl e IEAID f ~SU es fro . .
VI I dofe, BESBEbaed el (AIH Mhe| cRULERES af pfiscrived in
8,thd Mayp&888)Mayyhixd- 8ubels0042] HAGED Reamlwtidhe 3D Surface

patient is the iE ut .t th% ,
Construction A gorlt ! v W.E. Lorensen, H.E. Cline (ACM

Computer Graphics (ACM SIGGRAPH ’87 Proceedings), vol.21,
no.4, pp.l63-169, July 1987). The wvirtual X-ray images
(cephalograms) can be obtained as described in ‘Display 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
system. The image volume is composed of so-called ‘voxels’,
i.e. volume elements that each hold one value (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
and/or the soft tissue envelope is constructed. If
required, it is possible to add the natural complexion (the
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



system The image volunme is conposed of so-called
| voxels' , i.e. volunme elenents that each hold one
wo 2006000063 g. a greyval ue) . The box-shaped voXeCEBE2005/000100
conpose a conplete inmage volune when arranged in a
t hr ee-di mensi onal array. Based % this image volune, a
3D surface of the bone structure and/or the soft
tiskie envefape, i scpnstgdicked. |y requi padrogtraipy or laser
possi bl e to add the natural conplexion (the naturaF

t o€ BRI PexCire Wt PRESSKPRY sEHUEarsst t@ the SHrdata (see
suﬂ@&@hg@eerﬁ e@llgr@mCT ~dat 2 Ievg%‘igia&gu} Qe O'S%lifdles of 2D

information of the face. To ac a 'textur
3llk®hosuﬁtac@cqmy¥ﬁdwahdaQy agagﬂlmmothgraphm eurface model

gl scannin n be adde I St red to the .
da a(?gee Ig%ghayf €'n ?f %ET?)%% 8 hO. the texture is

al tesnatéveeda series of 2D photos are acquired and by
allgnln the skin surface nodel fromCT to the view of
hot o, thE2t &Rt uid Hisls rafpel efhed.cig043]an ndafines or

| t he ni.Gi a sel ects type
LT e PR O SRS PRty
rnﬁﬂmi@nmatmeasurhmehesebtothhhaquﬁmeﬁﬁ shekphtieA’'s skull.

ant hro tric anal ysis perforns neasurenents at the
10 (s B i - eheny i STBohr 6TBA TTREHFBIILS at the
miéﬁ§ﬂd§f|ﬁH&JpﬁHiéﬁ§’§e§ﬁ§ﬁonﬁhE'%f@gént 1n¥e%F1%n allows

anthroponetrlc anal yses or even a conbination
ﬁﬁkﬁ@fvﬁﬁépy§l§e@@@épﬁﬁﬁégcthﬁKhnﬂmbthp¢metrlc analyses

i ndj a e clinicia
Q%che neasurenen%ﬂ%¢%%larégcon%u &%FOOEXFeBePgreana1Y81S

i nith oatinged hes@el ananar keidde C|llalﬂlld$(1a&fkshastlﬂlé£t UdHN1d  be

positioned the patient to create a |ateral cephal ogram
15(%@%8&% S¥nd- Bt ef et BbFy2An 28Fat g cBPapErerente that are

dd®. 2 ) is installed replacing the co-ordinate

systen1of the CT-data. Also a fronta
[0044] Before indicating these landmarks the

clinician has virtually positioned the patient to create a
lateral cephalogram (see Fig.1), 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.
[0045] 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 linked with the
anatomy of the patient. Consequently the installation of
such anatomical reference frame allows an easy navigation
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:



cephal ogramis optionally generated. [0045] The
anatom cal reference franme is a coordi nate system

w@eaoaobmwes t o anat omi cal reference points. Thi SPCT/BE2005/000100
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reference frame consists of a horizontal, nedian and

vertical plane (Fig. 2). Wth @Ris reference frane,

the directions up/down and left/right are linked with

the anatggy 1frdhe ot i ePthmeCoNE8AVEANHAINANE: e.g. the left
installation of such anatom cal reference frame all ows

an easyanadvigahtoArente-ayoRBavict §atuneages. [ 0046]

I n azpaﬁg%gghar enbodi nent, the system constructs such
anatom cal "rel evant reference franme after the

clingci@slhas indicated foll ow ng anatom ca

l andmarks:1 . two |left/right synmmetrical | andmarks:

e 1gie IREFHZENT NP 13 ht1 T 1L Yot cIsteer eon 2detined in
Nais,' o_rf:o%et_}%.l | ‘?Wi_-lg}? hﬂ{é Z oAl P ghe Nésg&fll@@fllgy and goes
the direction defined in 1, together wth the

dithectigin thiesidmn-13el | Bhanmkdioes nlamaighs therSehdaculle on the

di an pl ane i er pendi cul ar th ri_zontal .plane,

ot e PIARS L ORRERPRcA i i Yoo hy SqgRcEion and
Sejder i tésnla pl @R erpeepengilcweari Kpdfeendicular on
medi an pl ane and horizontal plane and goes through

Sdihea. mpddpRerpFrer @it PPAEAECBAA DL HRRE nébasegsonthrough

the-skin surface alone : 1 . two left/right

symietrical |andmarks: e.g. the pupils, 2 . with a

| atrertdlervi pof @fehbe Heade tden dbeecikifomedt lbdpedupnl $he skin
tangent to._the upper limt of the ear, 3 . a soft
ti%ﬁ%ﬁ%ﬁﬁﬂ%ﬁpqﬁf the facial mdline, e.g. on the soft

ti ssye thas i Pehdhy Naght-Slcal Thghdiitzontalg plane pupils,
is defined by the directions defined
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-s).
The horizontal plane is defined by the directions defined
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 1is perpendicular on the horizontal and
median plane, and goes through Nasion-s.
[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
determine an anatomical plane, which should be considered
as one of the anatomical landmarks.

[0048] Finally, the measurements (distances or

angles) of the analysis are computed and preferably a



in 1l and 2 , and goes through Nasion-s. The nedi an

pl ane i s perpendi cular on the horizontal plane, and
w@ovbade3 t he direction defined by 2 , and goeRCT/BEDO§N00100

Nasi on-s. The vertical plane is perpendicular on the

hori zontal and nedi an pl ane, arfd goes through

Nasi on-s. [0047] In a next step anatom cal | andmarks

of réheranaky geseate edndima efosLangABBES @8 landmarks can be
characteristic anatom cal points on hard tissues or

sAdI s sadesPoTHED] anaRRFRECBARt BeCPRBF é8Eed on the
surface, ée% YerQee ?Qnggphgé i APHSCLAEY Inadidn: of the
po et al

Sel ecte nat om cal ints can rmne an anatom c
pl ane, mhahishoet d ddereongi.dar echas hoe zohttelie plane of the

anatom cal |andmarks . [0048] Finally, the
5 measur SRRTRECRER stEHBRL” or angl es) of the analysis are

conput eth &g pref pE&b| Y-y EPOES bSigegerated. The
position of the [andnarks” can be adjusted. Possible

meastr eliemtar cdaptipsees -beltwges bebweemdhanes. (8hgs can be
the inclination of .the Frankfurter plane with the ..
or | 2onUAT B BRRT ot PREPF &1 GPOREETY SIS o7 oiiif edistance of
bet weenciy ojeatred peirbtected | BRArtI straifasehed WoBRnes: the
two | andmarks. This can be the _ actual distance between

10 poi nt s #pigite dii3¢ atitetBf 2ife th6i MaPtdt gletiayron Pakween two

refere?%a¢¥§nes: the height, the width and the depth
di st ances between two points, - distance of a | andmark
to t he disdtmrrere oDl anesdmapt opor the et f epasce epbanss,

t hat conpute the oportion betwe WO neasurenents. ,
F1'G. 4 ORI chi M BT 8 0T CBRAF T e F oG ER ] GO Broportion
Sever alpditpes, afws aphador@bdn€s anal yses can be
15 (g s ancus 'hn example of amsiyais rduita.
[0049] Several types of cephalometric analyses can
be defined. In the set-up of a specific type of
cephalometric analysis preferably following elements are
defined:
20 - 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
measurement is not already defined in the system, a
25 new landmark has to be defined.
Also freely orientated extra wvirtual X-ray images can be
generated.
[0050] In order to prepare efficiently the
repogitioning of bone fragments the following requirements
30 should be achieved for an orthognatic surgery planning
system :
- the planning system should allow repositioning the

bone fragments with respect to an anatomically defined



cephal onetric analysis preferably foll ow ng el enents
are defined: - whether the reference franes are used

wO@er006a00006aNnd i f so, which ones, - a nunber of PCT/BE2005/000100
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nmeasur enent s between anat om cal | andmarks or
anat om cal planes are defined. 1Bf a landmark for a
nmeasurenent is not already defined in the system a

new | andimdderas ta-die defidedyi i sordseeby Ofdenddéedmically
extra virtual X-ray images can be generated. [0050] In

order tdefpmmshmotefttian/dmans kel e posierent ey cdnbone
”agﬂenltqts L&, 1140 Qﬂi%gq%ée%%ﬁt%h%‘ﬁ 4RE repositioning.
achi eved for an orthognaiic surgery planning sys?%m.

- the phamirydlsy,st eMshaittald ovof epasyt i capagithening are
bone fragnents with respect to an anatom cally

def i nedrer e dmesd f%%n@%n%le‘\f\?%hoifﬁﬁgctshegeton as well as on

anat om;gal I%‘&L%f ier({}{eot@f_itorgitg% ation references,
I ) :

and - it shou visual i se the results of any

r d®S1tli oni ng. Prnef@hablpridtheastf extlgitgforsmymost clinicians
r%poitionin are.visuali.sedglé the.level of the mbinat i
SPETEHTT a8 NI HTDn UEHES o981 TPAHS LGS t FEsedToination
[ QQ%H hanthe RERHMYL. SEbMETERS MRStachipni €@Rs§logram is a
perform a planning using 2D cephal ograns in ,

c orsiieRtiom wiitthggent AP cHsEeFRRtiMOWENfer 1086 1o Yhile dental

c I §:8.PKLe i i , 43D (oYY
LA (84050 SN 50, ofDd NERLIARELR grea o
vehe [Hedd echdaneswifdet e hiedtbramet jmmvamde i soft tissue.

L 1 S, B n B =, OV PSP B g,

| RfQrevmt | gasanoRg1 obtiad Mgk tisdig e BEOWHHAESHd bading the

3D cephal onetric analysis (Fig. 5). Using '
above-described 3D cephalometric analysis (Fig.5). Using
information from the cephalometric analysis, the wuser
(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
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
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, mandibular widening,
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



information fromthe cephal onetric analysis, the user
(typically a surgeon) can reposition bone fragnents in

wW@2wb000068 way. A s an exanple, Fig. 6 shows tPEI/BEXOSH00100
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of a virtual maxillary repositioning. Different types
of translation and rotation wi tl4 respect to the
| andmar ks can be sinul ated by neans of the

C It £ d tSth P BN GE SYSd epe £ EPEneX afphRed TRBALEAAMarks are
around an axis or a translation along a direction can

b&RIEF§ 91 P AZO¥ ALNT Y epBECc £REN MEIaMERT tafo Prantaneparks with
' icular t | or_ it fi
o P PEPEROLe Bt fad BRI U SR 0.0y o

wasddengy, tbheinseeasan fireeddfinery notthet kendtirey | sedositioning
orthagnati c surgery planning system various types_of ,
sUrRrs, 1’%uEﬁea% G rsy ncef@ntSeiandibyiefine his set

ady nesie o AR brl AL -ap den n@dhsfgn%\/@snhhg ﬁQ?oégsworking
a type of surgery, a user interface asking to pertform

sevel derfwkeing poppedy up. At the end, the surgeon
can enter specific surgical paraneters and the bone
fragnents are noved accordingly (Fig. 7). Fig. 7 shows

parcostlers for theipvereiicalf f406 iexd | d@nWedhrupt CT-images
respect tothe anatomcally defined reference frane.

TR | aRBffar KSV&rle upblat é8CacciRiingl yTRAG t HeTRRKAenRCCUrate
Ofvf%iﬂ%rksoﬁ“eﬁdﬂh( Lc?c:;@ﬁgéjjéﬂ) ?%@%:%Pffgéﬁﬂ. Moreover, to.

position is depict er to increase
f lebadaly tinsdedthet onecoloposin | oriegdeival ssiof thiee teeth are.

pl anni ng syste the user c define._his t of bone ,
PSS S e LS LRG| RHer GohPe M o Salki 1y very high
anck RErftordh NGrsyEger Ye [rRQRAl-ANRI 3 dantdhnskigulenRas a high

can corrupt CT-images at the level of the teeth. This
r e seaasre vicdualtheat Pahishtt heHowevesionier ghould be

O RN o L Slea . onect 4l gLy on

t heoabalai | s of tleetdryder veoy ihicglease the level of detail at
the level of the crown of the teeth, without increasing the
CT radiation dose, a 3D-splint (Fig.9) is used with a
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
radiolucent.
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 of
Fig.1l4. Using image analysis techniques, the features of
gsald 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



resolution CT-scan is required, and in consequence a

hi gh X-ray exposure of the patient. However, it should
wheotawaiosed t 0 expose a patient to high X-ray POEBE2005/000100

[0055] In order to increase the |level of detail at the

| evel of the crown of the teetf5 wi thout increasing

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

Widih-hdd apar dasdapededgondt ryrangd hiltbivBg Ltbeide software
the actual upper and | ower dental arches at the sane

t |£Fﬂeanmltft$cﬁ’éd &t hilsvpar t of t REEQPRS ntothad-amth-eagpstead of
%?% fe;¢%§e§Xt8@S|%Reca g& Qﬁ?r %éﬁéa gggid also

e splrnt is in‘a non-toxic

nﬁrﬁfﬂﬁgé hﬂtel gsal ﬂiﬁst_:jultadd @leum::eﬂat ma]:\NHﬁ@ s i fig.10) . The
this splint, the patient is CT-scanned. Then, plaster

5 caisitgy Fﬁ@%a?Pé‘ﬁ?‘l§Supi}Er 18aPY over SPRGTACAR tBatta-percha

ﬁxl.ddxfﬁeﬂsn Petyegn d(l%%fet':e'xg of db&he EmScarned,théne marker
Itional steps are also indicated in the flowhart

ofslieiig.d Ide perngipmede candlhssisxtentindguesd ke in the same
feaJ]tures of SaITjj %&at %I on are extracted from both the
i8It Cr Rt scan. Based on t hese

f epgopaas both datfat&et siafiehfivgedchand ikl apiehning using
casts are co-visualised with the patient CT scan. Such
10 5 Fhent dPe €8RNBECTRETHEr t rRfer RS flcandf widihy the enhanced

; ion.  dhj I I [ :
SR o Lt SO PR APLIeL0eD 00 s in an
f eattuireesl agfort he Elxée enﬁﬂanmnge eguicemal saocmﬁssagehet hevirtual
us utta- percha narkers (see S

R e BE P A S At P P eul o dperrier B0 Move the

n%ﬂ&%ﬁ%ﬂMéﬁs@sdh@“ﬁﬁg ShmabQuy, |d48m 1A thkeasirtaR8 planning
narker shoul d be positioned on the extension and not

15 | n(asee sﬂr@’%@iﬁe asn t Hela) shapedPgrendil®os5e) Afher type of
e SR RN 895 8 b0  mumber of
characteristic parameters in accordance with the planning
output, or in case of e.g. a motorised articulator, to
drive that articulator. In case the model has to be gplit

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

[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 the
inserted object is removed. This object is then produced.
Several available production methods can be applied: e.g.

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

derived manually by routinely used techniques.



i magi ng of the teeth, the plaster casts are nounted in
an articulator. The planning system exports the
wao Roobadoepl anni ng results to the articul ator | PICOBEHEIN5/000100
to nove the plaster casts in the sane way as in the
virtual planning (see flowhartlan Fig. 13) .
Dependi ng on the type of articulator, this can be
perd@sgpd by nodifys ng achenberpdnehag act eelssilct® of  the
paraneters in accordance with the pl anni ng out put, or
| maggtklofaeigl aswbgerysedlantied atEm greﬁdr@@@orih@@ to a
ar r t I S. Fist i
e D AP S B ST SRt SRR iy By Spomonare
aldf coigporent s. Based on the new position of the
pl E\ster casts in_the articulator, the physical

3 spI i nt QR Hdicedhq Oﬁgﬂfﬁeﬂiﬂt eFMat i¥kfy, work the
t rk?tl?é'f 9,!7%53 asBhhd! STEANREG AL ﬁéi*féfrlqgségr(‘ﬁgssﬁb%g partial)

box- shaped or a U shaped object is introduced
sofiddwmt esamdetire dmt Ehseqilantaml gpetwi.-t Ta hehpk&stgris model

cast nodel is c ut ed, .after inserted

B rE i S ERB R B P e i DS ew positions

Say@ralhe amakabl ey Qﬂlucéda}mé&t holss caBahe igppidied in the
E?gﬂi mlling, 3D printing, stereolithography,

Si %WJFJPF@ SYSt%’El h@‘ e m%d%i@W%ﬁrﬁ’é%ﬁEdsBatsﬁ?@ on one or

SBALAL o, a1e dLaachld o pcef, o, OLDELUSG A IDUElL S ana che

byoriguinaiel yolesgket ecd:amsiques f10058hode b9, ahe ptagnﬁngred by

results of t maxi | | of ac sur ge | anni ng_can
CIRE t B HCRARg! GHIY nb o b SR Tho AR F EaBedor the
I pdhe Jlochardrofkddw. 13. [0059] Optionally, the
surgeon can also work the other way around. The

15 surgeon perfornms a (possibly partial) nodel surgery on
the plaster casts. To check this nodel surgery with
the renmai nder of the skull, the new positions

10



of the nodels are CT- scanned. This scan is entered in
the planning system by neans of registration. Based on

wWo@r®600006dr e unaltered parts of the current plBGI/BE2005/000100
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casts and the original plaster casts, the -nodels are

regi stered by surface matching Bhd the transfornmation
matrices for the bone surface are known. CLAIMS 1

Met hod for performng a cephatmEMsi c and/ or

ant hroponetric apal ysis conprising the steps of : _
acquiring a 3D éban%ﬁtQP%erg%ﬁ'spﬁégarﬂépﬁg & 3pephalometric

Meghgpbri ARERrOPdAbLEY e S8ACL AL ENBoR %@S§¥l§f a6e Eg%g' of
usi ng data from said 3D scan, generaglng rom sai 5

scan aaguiedsty one ZD cepnal agf am gpemebni eal hyalli nkethg a 3D
to said.3D.surface nodel,, - indicating anatom ca

| andAERS3dn 1059¢ 5an3&§P”one 2D cephal ogr am and/ or

on. S@jethe3R W @eBW%Eﬁaﬁrﬁtgﬁgﬁn%%ﬂ .data. from said 3D

cephal onetri c "and/ or ant hroponetric an Si S uSing
sai dsgpatom cal | andmarks. 2 . Method for performing a
cephal onetri.c aqg/or ant hrgponetric analysis as in

clai FEECr A EPeith 8aiSt Hre At F 3 hedfe Rl i Pyei 3D cephalogram

Magnekibmekes0AaNGe 11 MAgiiNg Ol [HTRY &l A QuRoraphy. 3 .
Met hod for performng an analysis as in claim1l or 2,
wher enndisaitdngD sswtfoadeaipdedndrepnries eah s saibiorge least one 2D

structu&g surfaceHaZd/or a sqoft tissue envel ope. 4 .

Vet hGFPF8r CFEPFoPRPAG TafPafarys P 885G CEnyosE el ai s

1 topdrrokhhihher LOnprisipgatiBreeteR of Y I §{:§Eﬂropometric
sai d generated at |east one 2D cephal ogram t oget her

wi t hasailsfs3p Qaiﬁapeaﬁddehatnmagaﬂrﬂa@ﬁmamkﬁe. S .

Met hod for perf%r.m E\}Igt%rg)danazjc}/rSI Spearsfcérnming a cephalometric
and/or anthropometric analysis as in claim 1, wherein said
medical image modality is magnetic resonance imaging or
computer tomography.

3. Method for performing an analysis as in
claim 1 or 2, wherein said 3D surface model represents a
bone structure surface and/or a soft 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
points on said person’s head.

6. Method for performing an analysis as in
any of claims 1 to 5, further comprising the step of
generating a report of said cephalometric analysis.

7. Method for performing an analysis as in

any of claims 1 to 6, further comprising the step of



any of clainms 1 to 4 , further conprising the step of
determning a reference frame from anat oni cal

WO edoen@nce points on said person's head. 6 . MCTBH2008000100
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performng an analysis as in any of clains 1 to 5,
further conprising the step of 1§enerating a report of
said cephalonetric analysis. 7 . Method for performng

aprARAMSIS B bR Y Pho€dbgraphd, t Frbm WWHdhes textured 3D
conprising the step ofproviding 2D or 3D phot ogr aphs,

f sérhnwsivatE ag e e vZO -skin surface is derived. 8

Met hod for perfgrmi ggtagﬁsﬁyggaresmgngﬂganofaﬁéﬂfg*fs as in

1 to 7, wherein said ana nprise
dengr mMmatiatmef 11 ieear, dilséamtessheétvwveenllywds comprises the
| andmar ks or, the distance of a |andnmark to a ref%ﬁl

pP&kerTg natfth f 1oteRF f OF AFAGCER RRAFFSFs T&9 | r %rks or
of he! i 2hded & o AWHREIC U Sidd e Steps Of

acquiring a 3D scan of sald person's head, said person
wearing a 3D spPi.nt Mashod ciea npésfoandng 3D seaalpfis as in

casts of said person's per. a | ower_jaw and furthe
c@ﬁﬁki%%ndEVHﬂﬁitip of #ﬁsiﬁﬁ?ggggédc%mﬁ¥%%&%$e§ﬂ%ﬁ Steps of
S@!cglu:i@is@ | gt ,3r5akda3D SEaRAl SpedsPer SOMeasi headid person

sai d person wearing said 3D splint, and said 3D scan
ofve@adny of A Whidts ors sitppepidndSr ofBf pawl Eyan of casts
hqd .for farm EAVASY s in.am9, ;s
xﬁgrggﬁdg f%ﬁgfbﬁ$g§gﬁﬂgfﬁgﬁgﬁﬁ%%fg%?d per son mé%ﬁi?%?prlSlng
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10. Method for performing an analysis as in

claim 9, whereby data from said 3D scan of said person
wearing said 3D sgplint is used for generating said 3D
surface model.

11. Method for deriving planning information

for repositioning a bone fragment, comprising the steps of

- performing a cephalometric and/or anthropometric
analysis as in any of the previous claims,

- defining a set of wvirtual positions of said bone
fragment to be <repositioned, said positions being
defined based on said anatomical landmarks,

- wvisualising the result for each of said virtual
positions,

- taking a decision on an intra-operative repositioning of
said bone fragment based on said cephalometric analysis

and on said wvisualisation.



- defining a set of virtual positions of said bone
fragnment to be repositioned, said positions being
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visualising the result for each of said virtua

positions, - taking a decisionl®n an intra-operative
repositioning of said bone fragnent based on said
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. A device for cephalonetric and/ or anthroponetric
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anal ysis, wherein said 3D scan data are CT or M
dat aandbor #aB® 3Pl nrfeee wedeln andethod as in claim

9 , conprising a U-shaped part_arranged for fittin
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anthropometric analysis, wherein said 3D gcan data are CT
or MRI data.

15. A 3D splint for use in a method as in
claim 9, comprising a U-shaped part arranged for fitting
the upper and lower dental arches and provided with an
extension on said U-shaped part.

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

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



