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Application of 3D Simulation Surgery to Orthognathic

Aurgery : A Preliminary Case Study

Jung-Hwan Lim, D.M.D., Hyun-young Kim, D.M.D., Young-Soo Jung, D.M.D., Ph.D., Hwi-Dong Jung, D.M.D.,

M.S.D.

Department of Oral and Maxillofacial Surgery, College of Dentistry, Yonsei University, Seoul, Korea

The aim of this report is to evaluate accuracy using3D surgical simulationand digitally printedwafer in orthognathic surgery.
22-year-old female was diagnosed with mandibular prognathism and apertognathia based on 3D diagnosis using CT. Digital den-
tition images were taken by laser scanning from dental cast, and each STL images were integrated into one virtual skull using
simulation software. Digitalized intermediate wafer was manufactured using CAD/CAM software and 3D printer, and used to
move maxillary segment in real patient. Constructed virtual skull from 1 month postoperative CT scan was superimposedinto
simulated virtual model to reveal accuracy. Almost maxillo-mandibular landmarks were placed in simulated position within 1
mm differences except right coronoid process. Thus 3D diagnosis, surgical simulation, and digitalized wafer could be useful

method to orthognathic surgery in terms of accuracy.
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g 5ol &8 uF GAE AREt mo] e AA| & SISith 3R FRAS B4 7t R O dellA Aok
2 HAoEM 7|20 Aa wy 9 g ol8et S A oleS A 9 Adska, stefEat ofFH AdotE ojulA|d
e 4= Qi CAD/CAM ZE2I:E o]gslo] 7JAte] 2248 wdl A=
ol & Aoz 32k 7[Rte] ek W =& AlF 7, ARSI o F 3D TS Tl Ao 2N A e F
3D TGO AT -8 W AAE AGstoAAYTE oF  AForES YA Al717] $13t 710 2 AESIGIT) (Fig. 2)
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T O] A ol5g B stotn ) olFS ¢%k et Sloh
Al oA age] A ARt (Fig. 1),
CT DICOM tale7|ito 2 gixje] Srloha S 329 & o &
A& At stom, xof FE-2 dola A0 ofuAE FH
gro 2] Aot 214 o|w|AE Ad 7He] T EES A%t %POJEM%PJ A4S Qlaf AHSEe FRAS TARIARLS
o

= Fig. 2. Virtual model surgery procedure and wafer fabrication. (A)
Fig. 1. An 22-year-old female with Mandibular prognathism, aper-  Repositioning of the maxilla according to the STO in a 3D virtual
tognathia before treatment. (A) Facial photographs. (B) Intraoral ~ skull. (B) Fabricating intermediate surgical wafer with CAD/CAM
photographs, lateral cephalometric radiograph and panoramic ~ program (C) Setback of mandible according to the STO in a 3D
view. virtual skull.
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Fig. 3. Afterorthognathic surgery, mandibular prognathism and
apertognathia were corrected. (A) Facial photographs. (B) Intra-
oral photographs, lateral cephalometric radiograph and panoram-
ic view.

Fig. 4. Superimposition of pre-operation 3D virtual skull and post-
operation 3D virtual skull and Color scale of difference between
two different object. Anteroposterior position and overall contour
of post-operative mandible is in good accordance with pre-opera-
tion 3D simulation.

gfzo] WIS 4 QlaL i vk Yol EAfstel &, 2 pxB
o AN FHEA e A% THE Tt sl
sjo] ekl 4 QIrhAlR ThE ol e B A
T WAL AV ol gato] 3a9 o] del Rl 4
& AgE Ssb] whiol, el g okm sl Ul kol
2542 21 o) Zo] ofgiths WIS ek ek Eat o]5 A

w3 ) ARS DAz sk, of BN 2
), of=ge) eAl A AR HAeIA 93Pt g

2
slom olefgt oA} HAE A9 NEAUH Re ANE

T
or
N

FHEASUAMIARL S 0]-83 HH 7|ke] ofehdr]d 24
o] S dflaxsly] $13t 324 719ke] simulationS: A3l
Sl A2, A2 9 XL Het FEHE 26k 7t
F FAIEEAA wge] Basit) @Y D5 A TR
ZHAPAARR, AR, Ao e & AfSshe 2xbd A
a2l 32 Ak AR Alof= CTE ©]83t virtual

model, X|o}E E3F3E oF9] scanning image, stereopho—
tography 5 ©|-83F QA Fol dash, 279
she] 7R A2sE] 91§k image integration o]
sh=A] Fasiet!

2 3] A5 el ok stel=e] 91 9 ofF ¥
sh= ofef L5715 AYstd s A A=t 3D 2o ¢l
Imm HeloA dA|st= 2aHE Hof, 324 7|9Ee] ®o] 45
A s WA Azto] JFAor o]FolHSE Fel
4= A8k HIEAWE} 7)Eo] 2 FFS nXA] o= IXANE
stotx 5719] 9IA7F 28] 2% Al 3mm oo Afol7}
, ol CT QAL 32k &A= At7dst
T2 threshold A7l whe} WAs= ofu|x]2]

4 AgE FRMEE AoflA AAIR EA5HR] o= wol
U 7o 2 A 43 CT GAolAl Alote] REE, wAa
2] Sof ol WASH= streak beam artifact, 232] 3 2}
olu|] &5 A] WAYst= @&}, Tejal 77| JAE FHk=
oA WAYSH= 2aph dlo] E 4= & Ao AAES
=

AR 32} 719k ofobH7|E £AE X5l flsiAl= CT

9] DICOM file& AHa)d}o] virtual modelS A2FE 4= 9l

SF
=

i

Q

software”} € Q3hH, dentition, stereophotography image
o] A5E 93t scanning 714|, 18)aL Z}7Fe] H7E image
£ SlUR integration® 4= = software”} Q5ic}h gt
=

AR 42 A85] SIS 448 BX AR 915 CAD/

www.issisglobal.org 25



Journal of International Society for Simulation Surgery 1 2014;1(1):23-26

CAM software % 3D printer 52 7|47} F7}= ZQs)c}
&, WA= 7IE7A] ol &EA] b thEt soft/hardware”}

Z Q31! image integration and segmentation ¥4 ¢35t

whlo] ZAIFITE SAEE R Seol A AR ule} 2

Z4
= —
23} 7]1be] ofk FI7le] gt W &S QAT B &
Ao olal AL§EITL Sl WAOR WA AT 4 gl

L ]

ot} ARt &0 S} B & &
A EARR o]d BRAYE Wil 2 4 QL &
€ Hoh A o5 4 g, k&
AR ol A3} 7FsEtEE 4 5 o
ol YT Te A = ok

£ ZellA] 33k 7)gke] Zlgk 9w

Zl

ful

26

—_

N

10.

11.

12.

13.

o2

23

. Kolokitha OE, Topouzelis N. Cephalometric methods of prediction

in orthognathic surgery. J Maxillofac Oral Surg 2011;10:236-45

. Ellis E, 3rd, Johnson DG, Hayward JR. Use of the orthognathic

surgery simulating instrument in the presurgical evaluation of fa-
cial asymmetry. J Oral Maxillofac Surg 1984;42:805-11

. Marko JV. Simple hinge and semiadjustable articulators in orthog-

nathic surgery. Am J Orthod Dentofacial Orthop 1986;90:37-44

. Ellis E, 3rd. Accuracy of model surgery: evaluation of an old tech-

nique and introduction of a new one. J Oral Maxillofac Surg
1990;48:1161-7

. Sarver DDM. Esthetic Orthodontics and Orthognathic Surgery

2000

. Song KG, Baek SH. Comparison of the accuracy of the three-di-

mensional virtual method and the conventional manual method for
model surgery and intermediate wafer fabrication. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2009;107:13-21

Swennen GR, Mollemans W, De Clercq C, Abeloos J, Lamoral P,
Lippens F, et al. A cone-beam computed tomography triple scan
procedure to obtain a three-dimensional augmented virtual skull
model appropriate for orthognathic surgery planning. J Craniofac
Surg 2009;20:297-307

. Swennen GR, Mollemans W, Schutyser F. Three-dimensional

treatment planning of orthognathic surgery in the era of virtual
imaging. J Oral Maxillofac Surg 2009;67:2080-92

. Kawamata A, Ariji Y, Langlais RP. Three-dimensional computed

tomography imaging in dentistry. Dent Clin North Am
2000;44:395-410

Schendel SA, Jacobson R, Khalessi S. 3-dimensional facial simula-
tion in orthognathic surgery: is it accurate? J Oral Maxillofac Surg
2013;71:1406-14

Nkenke E, Zachow S, Benz M, Maier T, Veit K, Kramer M, et al.
Fusion of computed tomography data and optical 3D images of the
dentition for streak artefact correction in the simulation of orthog-
nathic surgery. Dentomaxillofac Radiol 2004;33:226-32

Choi M, Lee S, Huh K, Yi W, Choi S. 77 fetH g o] 3 2191 CT
G AP G2 9 BRgmef thgh Ak ook
AFAIEE]2] 2009;39:13-8

Plooij JM, Maal TJ, Haers P, Borstlap WA, Kuijpers-Jagtman AM,
Berge SJ. Digital three-dimensional image fusion processes for
planning and evaluating orthodontics and orthognathic surgery. A
systematic review. Int J Oral Maxillofac Surg 2011;40:341-52



