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XM&ie|at HHMIAM2| Virtual Reality Based Simulators

74 A (virtual reality, VRS ZEE J2HT S2 0|50 0 EXSH SHH0|LE M2 THS0], AFRXI7} OFR| AN FH At
[m} 2

O|L} 2tZut MSAEE 5l U= AXME UHEN F= 7I8E, 2 4Rt MgdHT} A 715 2f48h= 20 & stLtolCt 2000
Eof S0 VR 71&2 Aldo|Lt Fst & o71atE EES HofLt Chet 200 H=EE0 M8 UCH, oSHE0tME HH
1 Mg 207t Ho{X|m QUCh Q220F0f|A VR 7|&0] MEXOR MEL|T Q= 20k= & &7| WS(surgical training), i
B2t m=(anatomical education), Xi&H(physical rehabilitation), £& Z&(pain management), 1

2|1 MAIEE X|Z(treatment of

psychiatric disorder) 20F0|C}, (Table 1.) 0[2{St {2 20 & dix{e| 2|2 SiMof| 7H& Mahsty 7=t =2 BER 27|

2 LEth o8t s FHol2tn & 4= UCh

Z[2 AtE| Q1AL o= SHAQ| HStof| w2t 2Kt QHHO| CHSE QAR| ARI0| 7IEEl= AE0IA AU R ZEE

st & £7| £50| 1Aof dls Migt=l= 20| SHAOICE Cistod 2017H 128 M3l SEEHC| Ya=2 TFe| #& AlZto]

o 80AIZI2E MIBH=|0] AXIZQl 3 AIZHE ‘='3‘—or71I Z|ACH olofl w2t 7[Ee] =XAl W (master apprentice learning

model) HCt 201 £ HHo| LR M0l tHFE|1 ULt

& 27| nFf UM AXMGHEEN0N cHet Z2 olsHet XASt 7|7 Med 3 T XA J2|1, £7(0] thet &2 4zS 2

Sl= 20| =XHoperator)oll ZpXO|Ct TH SIAS S0 SRS 3RHHA 721X 0fsHet 7|7 =& A&l EaH0]H,

% (haptic technology)g S5t0] £&AI9] &2} E5t ASE 4= QT ESL VR simulation2 &7| &5 1€ § X XIS o

doZ stz AES ot A SXIE X|=st7| ol ASASB)E & + W] HEA = 2ofA E35] HHOo| UCt F,

simulation?] E4 A WEIHUN M-S S SXIOIA KsH7t 74X 27| R M4+E Sl iRCH =

SXt A9 WE0| 7Fs3ICh ESt VR based simulation & &7| £S0IM SXH 712 AX|Z{0l me 2ol ALA| (cadaver)

£ 0|3t 52 thME 4 0] 0|2t 2HE ZA/FH| S HIES &0, Y duiet 22 ¢@s 3og

based simulation2 0|&35t0] AX| =40 SXIE HAOR oF &2 Al | M DuSAPt UH 200 2 4 Qo

R25HH, VR simulatore| A2 Qlxlof cist AI Zt OIAl (visuospatial awareness)g Hesl, ASS E5I0 a0 =
o

y o
71E ARtat7| ol musXxt £70of et 22k A £ A2H, SXIoIA SHE 7IXIX| ¥ & X QA AF (decision—
making) 71&S JHLE 4 U=, SMET IR0| gl S4S M3sh= Folck
VRE Teist7| floll 2eoh A2 7Hy FEE TS0 SEEA| YX|of MFE AFE, HHE SUELE MEX0A FAs= &
R, 22|10 AR} THdetE el HSEEE ok MRIZ FLMECHFg. 1).
Display of simulated surgical scene
& ‘r. a J
C} T~
o v ‘I;L;‘" b

aptic feedbac - _ ¥,

Control of the surgical

[o=

instrument

Figure 1. Model of virtual reality based simulator
Adapt from Cohen et al. Virtual reality simulation: basic concepts and use in endoscopic neurosurgery training (Childs Nerv Syst
2013;29:1235)
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VR 7|£2 22 52 Z&6t AlN| 20tof| Z23517| 96t 7|§7£1?_| R S Y(reality or immersive technology)O|Ct. 0[2{5t 3
Hys Asieh| il 3xH FZHY | HAREYSAET | J2lu K| £GY 0 HRsich 3x 7Y 2 EREE Sot
of Tt S2H0| M= Exifsks A =/Xls AE Lott, AV FEY 2 7y el Wk H2ly, Zol Soil ALKt
Sl U= HEHE oIt SRIA F3te| 2R 3R S7Hd U2 H1 U1, 3RHA AlYel B 3XHE 7HY A thdmt At
8 21| “HAIZE 4SAE 0] JhsatX|E x| £Edo] gi7| ol St olojoili= VRol2F & 4 gict ShX|R 23S0
A Ol M7HX| QA8 25 251 UX| 942 AMARE VRE EF510 7l=s6t Ch

Heelnt 20t0llAM VR-based simulation2 &7| &5, QA 2, & T AIE 8, 2T X, 2|7, A =0 01T/ UL

Sixf MEie|nt 2ofollAM AFRE £ Q= VR simulator= 2| Non—interactive simulator?} Interactive simulator2 Lts 4= QUCH

Non—interactive simulator= ZITHS 2J5H &|I& data (volumetric data)E AlZESISHALE, K| 2 & EHMIESEE ZIE 252 of
Zoll, X|& ™ CHorA “*ﬂ% DAMSH=H AR EICt HEEe|nt 20loMe nEE IR |eten 22 2T 229 AE &8 &

0

off olx1 Aol MU=l Hetst XLt 27| S2 SIS 4 ULt (Fig. 2)
Interactive simulator= =& =7 W K0|Lt =& A| navigation systemOf| == AtZEICH Navigation system@| AL ARl=9| ¢
xleor ofL|2t Aol S oM. I'.:*’é*-i—% S2 simulation® & UCH, & T 2Hte| SR 7|72 YXE FHolH £2 &4

=
J.I— A2 SiC}, Visio—haptic feedbackS E 6t interactive simulator®| AL drilingS simulationsto] T2H& ZE0|LE &F
= Al LIAR AUE OE5E &+ U= ZES0| HEEof Ut (Fig. 3.)

0[2{8t Z2H&Q1 VR based simulatorS $IsHAE Aot HIXEH BAS FA5H= 20| SLEIC ol 7I&Xo= JHE 2A|7t
Ele F20| £24= St Il= (tactile feedback)itt ZAE haptic deviceO|th. B & F2{0| ZHOA wiot 22 ==t #H
x|O| HIS &7} 48 L2|7| 20|

i o=t

BI'

Off CHEh =242 7he SE0IM Midstz [7F O{ECh 8 Driling 22 B9 oiXf Al8shs g
driling & Zdst= TISS T5H717H 0171, 1 kHz 0J2He| TISEE A 4 UCE m2kM, 0|2t 2T XIS sHZSH | 2ok
71&H 20| O|F0{Mof & Zo]ct,

0|2t LE0f VR based simulationS S8t 7| WS0| TwsXte| &7|8 SJAIZICts 2152 UK, OFE VR based
simulations S8t £7| wK0| 7|&Q| Yt Hlwsh FupXol2ts S dupr f x| fATt =2, etat 2OfoflA VR based
simulator®| AtE0| &712] 7|=HQl =t =Xt XAdS A7 |= ol ==20]

|-|'|

ZIX|2 WXt ojusXi7H A HH5hE

cetabular

pelv1s femoral medullary
head canal (inlet) et
i medullary canal Stef‘fll
(inside) RIOHS
S -3mm
Omm
b [+ <-3mm
Figure2. Non—interactive simulators Figure 3. Interactive simulators with visio—haptic device
a Polygon—based 3D surgical planning system, b 3D simulation a Visio—haptic orthopedic drilling simulator, b VR—based multi
system for hip joint replacement planning, ¢ Framework for facial modular simulation environment for LISS surgery, ¢ High fidelity
surgery (Adapt from Ruikar et al. J Med Syst 2018;42:168.) simulator for minimally invasive spine surgery, d Novel orthopedic

drilling simulator (Adapt from Ruikar et al. J Med Syst 2018;42:168.)




a2 1ol tiet 2|1R & EE Sk =7 2ol S2ef0| EuE Hp UCH Whatd, S 7istel FEol Hte 7|1E neEe|
P SIS }°E= AAEIO| HR3ICH 8 Z0ICt E£5 & VR simulators Sall 555 & =717t AX| 2tRiofl thet =712] &
do= HE=Xof EH S7E 27| et A7t ZIH|0fof BiCt VRS 0128 EHS L2 ARt 7|EC WHOZ uxi2
oA 2t Eo% P AIHES HWSH:E REd S5 EoF A|RM|0foF & 20|t 2|25 2ot B2 SHIM VR ALE Hels 2
5 HOE Ae= 01|“EIEH 53|, 2 RS 3AFEMCZ Ofshishs sHFES XiAut dAMIgt 7|7t 2T EE FYell +=

olMel VR 8= S7te Zio|ct,

Table 1. Current and emerging applications of virtual reality in medicine

Application Description

Training and rehearsing a surgical procedure using surgical instruments linked to a realistic

Medical/dental surgical training simulation—may or may not include haptic feedback.

Using 3D radiological images and computer workstation tools to design and plan an operative

Pre—surgical plannin
gcalp 9 procedure,

Computer—aided surgery systems Using 3D images overlaid in real~time on the operating field to facilitate surgery.

Tools for data analysis and quantitative comparisons—capturing and manipulating medical imaging

Interactive 3d diagnosic imaging data in a 3D format, Collaborative environments.

Design of radiation treatment procedure to match patients’ anatomy precisely. 3D design and

Radiation treatment planning and control
control systems.

Case histories, 3D anatomy lessons and virtual cadavers, procedure training, emergency room

Medical education . : ) o
ward simulation, palpation training, etc.

Radiological image tele—consultation and second opinions, shared data for tumor review boards,

3D visualization for telemedicine . - -
remote patient examination, and specialty consults,

Telesurgery Computer—assisted surgery at a distance. Predictive algorithms, 3D surgical planning.

Simulated environments for evaluation and rehabilitation—occupational therapy, physical therapy,

Rehabilitation and sports medicine ; . "
ergonomics, orthopedics, and sports medicine.

Augmented reality environments for treatment of autism and other cognitive impairments.

Disability solutions Environmental control systems,

Standardized simulated environments for evaluation of cognitive processing, stroke deficits,

Neurological evaluation . ) : 8
9 memory disorders, movement disorders, and higher—functions.

Evaluation and treatment of cognitive and behavioral disorders: phobias, anxiety, social affect disorders,

Psychiatric and behavioral healthcare attention deficiency hyperactive disorder, post—traumatic stress disorder, and addiction treatment,

Adapt from Greenleaf W. Medical applications of virtual reality. 2004 Available from: http://bme2.aut.ac.ir/~towhidkhah/MI/
Discussion86—1/VR%2520Med%25200overview. pdf.
o =8
1. Vaughan et al. A review of virtual reality based training simulators for orthopaedic surgery. Medical Engineering and Physics
2016;38:59-71.
. Mabrey et al. Virtual reality in orthopaedics: Is it reality? Clin Orthop Relat Res 2010;468:2586-2591.
. Jung and Ko. Virtual reality in endoscopic sinus surgery and facial plastic & reconstructive surgery. Korean J Otorhinolaryngol-Head
Neck Surg 2018;61(5):227-34
4. Rukiar et al. A systematic review on orthopedic simulators for psycho-motor skill and surgical procedure training. J Med Syst
2018;42:168.
5. Hyoun JW. [Virtual reality technology trends in medical field]. [online] 2016. Available from: www.bioin.or.kr/fileDown.
do?seq=33166.
6. Cohen et al. Virtual reality simulation: basic concepts and use in endoscopic neurosurgery training. Childs Nerv Syst 2013;29:1235.
https://doi.org/10.1007/s00381-013-2139-z
7. Puri S et al. Assessment of resident training and preparedness for cataract surgery. J Cataract Refract Surg 2017; 43:364-368
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[AFEI2. Pre—Surgical Planning]

O|Z% AAH M X7t & ™ DTt & IPHOZ LIF0{A 242to| A|ARI0| M| HES S| AL
Fixation Registration
—
Implant Robotic
Placement Bone Cutting
aEm——

[AFZI3, Intra operative procedure]

27| SlahAts I SHISILIZE iR ZRsicts ZHolch IB0IME 2elo] 23S vigroz S5 & Jx| 2o of
8 erSalmAt Btk A2, ROBODOCE +401 ARG | SUsHAE 0 42 oj Calibration 2 HHEA| ZIsHof sH=c
Ol 2eBiRto| M 2Ol RRAR0INEE MBEI= HE SO 44 71750 JI51518 HBE DUS MK DHES} UXAH 2
S
=

IS0t 2RAES FSHHA L7 H2 £ 02X 44 B 22 MBS0 NZS Mo FLIE YUK, 2R0| £20| 4B
X|&H
o

Xt HPIE WL 2ReaS AMEXAL SH2X] Rotn 2= DAXRl fa2 TEE 4 5ol QU0 2RAIAE2 YAl 22
FE 2Rs ZHIENK| a2 2R S22 Joi
M= Hel(Registration) 2HFEC 2, 4= T 0|0|X| £= A& YEE 24 HOIZ0| U= Xt & fIXIQt

=
Z 2ROl el XIS LFE Ee2 2R0| #HE HAlcts =0 AT

e
Rl
>
S
rir
w2
pall

ol Y2 0|x|= L8 oIk, 0] By
CT GAIg 7|9toz MAME 3D RHolN SHE S8 EX X0 ASHS BAISHL 42 30 dgiizerats 52 3S HXIS
285 At vhEstof 2t S XY

o, 1O

0|2, EX X|MS OIFH HEE7} 71 717t D2 XI™ME siE X2 X|IH5tn
b siig BH X1 A0[2] Et HEIE E0M &5 912| 2IXIE &lSots PHez Tiio| Fof.
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Registration Flow Chart
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CARS&}3|= Computer Assisted Radiology and SurgeryQ| &talo 2 57j0| Hi15|2| At st3|Ct,

International congress and
exhibition on computer assisted
radiology

International Society for
Computer Aided Surgery

International Workshop on
Computer-Aided Diagnosis

Computer Maxillofacial Imaging
Congress

cMmI

<O‘) ’@ﬂ Conference on Information

Processing in Computer-Assisted
Intervention
IPCAI

CARSS}E|E Tdsh= 5712] 78]

0| stslofl= 6000{HO| RHAMGIR T T2 =2(26%), LE(15%), OI2(11%)0] 0|0 4HMIZ T2 HLXISO0| ZHAZHCHE%).
AAE O E SI3|E St=0ll A 7HEISI2 10 ZHIAU= 0f2] 0|F=E F4HE 0= S0l e &0 S2AtL = ofiFof H]
5 SOISALCE 5702 HTE| oA BAS F= HFL5|= ISCAS (International Society for Computer Aided Surgery)2t IPCAI
(Information Processing in Computer—Assisted Intervention)Ct, ISCASSHE|Q| LIRS 501 AM|3] 2|55t M2 IPCAIS| =&
2 Mol 2y WAS AIWSIOXL St

IPCAI= OIS0 ZXMAl &&7} 0|20 Rz, X Z2OHM2 S0 oL, EM E Z2 T2 ™0 UX| LU A
=22 671 MM 4004712 S HIOP} 52 7HEeR UREQICH BE FFS2 FHE 2ot 2|=2710] St wtn 2t

0| ¢ uf oict Ct2 & & O XiMls] 1 A2 H7 YHE AACE MFSIICE MFE 6712 H720i thehil= 15822 &
H AIZHH 1022 E9f AlZHo] F0iRlT, o] LHE SahAl 2] 7H2| A0 ~0=|RUCE. ERAAIE TRt FHSH HOk= SHLt
o MEEX] ot Hae|nt 2= 2hE S0l= “Robotic ultrasound—guided facet joint insertion [ Can we replace X—ray
Fluoroscopy?” 2k= EIOH S 2| UHJIX| O|0{RCt S0t Z2E7t &tz 22 0| SIEE AMSID, EZIS HotH, §
S5t His M |IXIE REdle 22 AIAH0| 28 A7t

ISCAS= 571e] A3| Z0f 7Ha B2 HEXES0| 20[7(0f &4 71 2 YRES AESIT) IPCAI0| Motz ChHEES ¢4
XHS0| ISCASHI= EAlsH | R0 = S8l HEE TIRYE|X| etz diHo| Bf O715[t= HHEE TIE FICt o stlo =
IPCAIZ} 2t 21U(F) RFLEH 23U(E)VIX| 37t WHIt XME|AT, A= 1072 MMofA 6004712 LFLUHELl 300
JHel mAE wEE TMEQICE MM 7|2 TLEE Medical Robotics and Instrumentation(l, 1), Navigation(l, 1), VR/AR and
MR(, I)AlMTE M2 2ot HZ A=l Neurosurgery, ENT, Cardiac surgery, OrthopaedicsZ O|F0{ %Lt
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2. Robot performs the sweep
autonomously

Z21} 7|8t Hhs Xl 28, “Robotic ultrasound—guided facet joint
insertion — Can we replace X—ray Fluoroscopy” & LHE

CARSE2|X|2t IPCAIOIA ZH|E
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90047H2| i EIO|SOf ALZE THOIS2l ARBEIES BMalM A7 EHES It 2UCH (EAE: tagxedo.com). 24 =0

T T
Ej= o= automatic EE= autonomousO|Ct, & X 220 XIS E= A0 2st 3727t AR QICh 212 3 A &
5t El= QI3 X|s 202 thHEsh= THo{2l Deep HO|X|2F Ol MR|Z EX|= LUCL T2 FHS CIRE= CADSTE7t 22| =|
of W71 [[H ol o= Holrt, 2T FMSIK|= Z3UX|TH CADYTS|0| M= CAD-ARtE MME M2 oS THE st A7t
el F 21 = sttt 25|12 =g oot Hols Ultrasound?! £ SiCt 22 2 A2t UltrasoundE 280t = ER[7 2]
AL of %*201 Ol21gt &+t oyt WHE 0|07l Akl X Glct,
“ihﬁﬁamu
_gif iggwidetermmatlon
. g,gﬁ... utonomous
| Oautomatici:|
5.2:- b Novel e
a=Intraoperative;,
giizicsgmiiﬁw ol g men "G @110 181,
fg: 03 ‘%’%ﬂ*!’ bot ioao.ggﬂg
fﬂg§,=§m;omaﬁ R e S 35 ='.=§u.-l,:.' gl
=45 atigmente ted:ii= izl
gligisicangmentedi fg it
Ri:iQia: skmultrasou;!g%ﬁggggg,
<l ﬂtumg;s ﬂuoroscopy ..... =g
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T2 2RO X530l thohM LEE WED JHRIHM! ojAS HoHAIH XSt Bl 22 20| 6HA= FEEH, X 483t
22222 tiRE XtS3H 1272] “Robot Assistance” 2| HAIZ £ 4 ULt 2 XISES X|Hst=e 2EH9| H2= 3¢t

21 “Conditional Autonomy” 2 & 4= /2 Z0ICt zI20ls 229 22U YEE EMSIH 2 S5 Y IS AAIZISR Al
Sl vt Zlde|n QoM AFS3 BHAl2E= 25| “Task autonomy” Ol sHiEsh= His AR, 28 Qx| EX L Mafixl XZ|
o] ME Sof &st HEI} FISE| 1 QICH “High autonomy” = “Full automation” Off 2t5t 0|2 2|, UMM ZeM 59| =
Ol= S+ot, ZeIX=E0 st & 22 X1&8s} g+e XI&E A= Holrt,

B, £&225809| XIS35} | (ISCAS2018, Prof. Palolo Fiorini2] 2. “Autonomous Robotic Surgery: a new research framework” OflA] 24)

0 No autonomy o= Zlof| fet =

1 Robot assistance oz%lo] ERE 2ol &2 oY

2 Task autonomy o= Tlo| AHof 2lsiA Haht!l LFet 2ds 2R0| o
3 Conditional autonomy IRTI| & AIES Q=R TIC| HAlotol| 2E0| 3

4 High autonomy 2X0| EF oAt ZHE 2=TI9| HASHH

5 Full automation QIZto| JHE glo| = M uHEE ERO0|

Orthopaedics A2 8712 WHE FHUD, F 7HX| AFEE AJNSIIX} SiCt, stih= Weight bearing CT(WBCT)E 0183}
o X1 HigsS rIst A70ICh AoE Zupyt 5007t JAUCH | Hoh= WBCTHH|O| 26t SO|RACt. JstetAtol ofst L
710fl 2ol 2tst MMAEHO| G AEE 27ot0] HAAMSH HL|, PEDCATO|2t= &HIUCH ILHOIM AEO| 7HsEXl= 22
ZAX|2t Australian imagingAte] KZEQZ M2 HIAMMOE H|IZE0| A2l foot and ankle®| CT £X0| 7Hs3siCtn Sict 7|&Xo
2 2017t AT CHE A= C-amBH0A MFZ LI Aot A XMl AlLts HeidE 083t F&s6k= A+UCt
Convolutional neural network Tt 2S AFZSIR T, HAENIE 83% Ao TIAEE B, 2mm, 2 O[5te] XMl £= ZutE &
QUCHD Sic

0| stajofl ML XL StAlE &2l 2

Ct7| 2ot i 2hds SRt=

1 22 R 71X SR 2ES E2 X} eitt, 24 M22 7|29l gd HE Z1E S&
t2(0|Ct QAISQ| HOE BX|2H T2 SSAIS0| QoA ZEIt O|F0TIC, A= 2~3
=0 o 7|=0| Yol HEEX HHED H2 250] F05ks W0| £S AoICh EHI 2ol SHE Zelolo 15222
0 71X 2F0| HOtM =7101| Tt X|RE 4~ UCs At Foluh 23 MM2 Sy OFX(8f F ObX|2F AlZholl BiEEICt
A= HZSIH £2 X oith 222, WHols Z8A SMR00| /IX|eh H(Rennes)02t= =2 E=AI0IA 63 182~21L0]
JHE[E ollZ0[2ta S, Z20j2 a0l 2y A 252 eHHE FHAMH 2AIZ L

[0

tolr

|on

Weight—bearing CTE 0|23t 2172, “Computed analysis of the QIBXIsS 0|85t M LI A& ¥ 2IX| FHol| 25t HT, “A deep
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stryker

"'I'he best way to predict the
future is to it."

- Abraham Lincoln

. Mako Total Knee

The changing healthcare environment is creating uncertainty for many. Looking
for a way to differentiate your practice? Mako Robotic-Arm Assisted Surgery
enables surgeons to have a more predictable surgical experience and offers them a
leadership advantage in our evolving healthcare environment.

Isn’t it time you created your future? Find out how @ makoexperience.com

A surgeon must always rely on his or her own professional clinical judgment when deciding whether to use a particular product when treating a particular patient.
Stryker does not dispense medical advice and recommends that surgeons be trained in the use of any particular product before using it in surgery.

The information presented is intended to demonstrate the breadth of Stryker’s product offerings. A surgeon must always refer to the package insert, product label and/
or instructions for use before using any of Stryker’s products. The products depicted are CE marked according to the Medical Device Directive 93/42/EEC. Products
may not be available in all markets because product availability is subject to the regulatory and/or medical practices in individual markets. Please contact your sales
representative if you have questions about the availability of products in your area. Stryker Corporation or its divisions or other corporate affiliated entities own, use
or have applied for the following trademarks or service marks: Stryker, Mako, Triathlon. All other trademarks are trademarks of their respective owners or holders.

MAKTKA-AD-1_13117



