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With the recent development of information and communication technology, social interest in
virtual reality (VR) is increasing rapidly. VR technology is expanding into applications such
as games, movies, entertainment, healthcare, education/media, manufacturing, and construc-
tion. In the healthcare, VR is used for surgical training, medical education, rehabilitation

medicine, pain control, and treatment for psychiatric disorder, but the market size of VR in
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healthcare is not big compared to VR application in other industries. However, as the demand
for high-quality medical care increases and the training time of the resident physicians is re-
duced, the demand for VR in the healthcare is expected to increase rapidly. Especially, the nose
and paranasal sinus are composed of complicated osseous structures, which makes it difficult
to understand the exact anatomy and requires highly skilled techniques to perform accurate
and safe surgery. For this reason, nose and sinus are a suitable field to apply VR technology.
In this review article, we describe the overview of VR technology used in healthcare, the sta-
tus and prospects of VR in endoscopic sinus surgery and facial plastic surgery.
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The Concepts of Virtual Reality
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mounted display, HMD)& ®23t}l HMD &E¢] VRo] A
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gier] (Virtual environment) = F2J9] VR, 2) =734l
(augmented reality, AR), 3) &3t&A(mixed reality, MR),
211 4) Y4 FH(tele-existence, or telepresence)l| 3l
she 2 glRolAs 2 P99 VR 7l&el tisiAl ohFaL
AL gtk AR VRS k] 9l Zagt A2 7Y
AREE vhEo] A AR o] AET HirE, AR
Hro} ALgA}O] mof] FAFE 4= Qli= HMD, ®2]9] &34
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Fig. 1. A conceptual illustration of virtual reality for surgery and
anatomy training. The medical images are reconstructed three -
dimensionally by a computer and transmitted to the HMD, and
the user manipulates the 3D model through the HMD and the
motion controller. The HMD incorporates a gyro sensor to recog-
nize and reflect the movement of the user's head. HMD: head
mounted display.
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Fig. 2. A Google card board which the user folds the paper and
creates it directly. It has made a great contribution to the growth
of VR by making it possible to experience VR at very low price of
less than 10$. A picture was Adapted from Google cardboard.
Available from: www.google.com/get/cardboard. VR: virtual reality.
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27 o] Soll 2= glo] Eol7t Ak S Tahe,” VR
= o8 T B u ALH S vt el 84
ol

VRS FE AL F3 thEEp} Ha A K] £
Arolets B0 2 Qlaf AL 2 AR T 4 9] R
o A S O mol, TR et slets
24kl AdEle ko, eltok ol

TechRepubhcoﬂHE 7}% A o=
of F AAA0] d ouE A HA %%2i L ‘il‘:‘ré) 9
FHOPJA VR 7]o] AEA O g2 AGE|TL Q= ok
% 7]% 18-(surgical training), 358} WS-(anatomical ed-
ucation), A&2]8H(physical rehabilitation), =%
management), ~12]11 A% 2] & (treatment of psychi-
atric disorder) E-oF So]ck*® wat oJ5} VRO ApAlm &
2= Greenleaf”= 20044 VR 280 7}58 9J3} Hof=
12802 HEsl7| = 3t tH(Table 1). o|&gt o8] Hof &
A 9] o= A4 7V ATl 8T & B

ZH(pain

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

Application

Description

Medical/dental surgical training

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

simulation-may or may not include haptic feedback.

Pre-surgical planning
operative procedure.

Computer-aided surgery systems

Interactive 3d diagnostic imaging

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

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 data in a 3D format. Collaborative environments.

Radiation treatment planning and

control and control systems.

Medical education

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

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

room ward simulation, palpation training, efc.

3D visualization for telemedicine

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

boards, remote patient examination, and specialty consults.

Telesurgery

Rehabilitation and sports medicine

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

Simulated environments for evaluation and rehabilitation-occupational therapy, physical

therapy, ergonomics, orthopedics, and sports medicine.

Disability solutions

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

Environmental control systems.

Neurological evaluation

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

memory disorders, movement disorders, and higher-functions.

Psychiatric and behavioral
healthcare

Evaluation and treatment of cognitive and behavioral disorders: phobias, anxiety, social
affect disorders, attention deficiency hyperactive disorder, post-traumatic stress disorder,
and addiction treatment.

Adapted from Greenleaf W. Medical applications of virtual reality. Available from: http://bme2.aut.ac.ir/~towhidkhah/MI/Discus-

sion86-1/VR%2520Med%25200verview.pdf”
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Technical Steps to Implement VR

Sl A AAY ek, Sol olulelFat el 9)
o] VRE] g Hok 4202 Z7kstu ik 53] 1)
S gt 2ol ik Aol H4A G B2 ol
3 Qo1 T S elA] wekie A
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Fig. 3. Digital imaging and communication in medicina segmentation tool (InVesalius, CTl, Campinas, Brazil) for acquiring 3D model
from computed tomography images. The Maxillary sinus is set as a region of interest.
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A9l CT FA= AHE-8h= 2ol 7P uig2lst A 57
7F FARESE FJE B st Wolk|A Hr 7}
A wol A& Mimics(Materialise, Leuven, Belgium),
222 A 71531 InVesalius(CTI, Campinas, Brazil) 5 th
9F3t Digital Imaging and Communications in Medicine
(DICOM) 7} Z 235 53t CT o[w|A|of|A VREZ wt
S0} 3= 99L(region of interest) AgA o 82 =235}
a1 32+ Fef = Hegtth(Fig. 3). =% 3D °on|#2] 45
7}g817] Holl= W2 0| Z(noise) ¥ HHO| @77} A&
Z=rko] 2101 MeshMixer(Autodesk, San Rafael, CA,
USA) 5& &3l =431 9t o]F 3ds Max(Autodesk)
= ol VR e E AAskar HMDel HAE = 9l
t}. o] HMDE ‘&5to] B2t ¢ AMEAPL i Fuls
T vk Qlofl Eoi7t A 2 AHHE T 4 qlem 7+ ¥
kel S8 FERES AAIsH e 4= Itk (Figs. 4 and 5).
offg welato] e 28-S F7ksl7] f18ko] Unity(Unity
technology, SF, USA) ¥+ Unreal Engine(Epic Games,
NC, USA) 59 =5 o] &8 4= JlaL, vt] e AUYAH A}
|Ae] 24| whet Hdlof] ol FE A AU 4
pom AA| eyt Zo] RES WIS = Q.

<

Virtual Reality in Sinus Surgery

Ty Hulsde a4 AR glo] fuls WA =
(endoscopic sinus surgery, ESS)< ¥&4Q1 A 22 A
Zorem, uhyd FHlEd # opet Hulsol 4 E oM
TUO e A7 QlojAe 1 FYo] F=E yolA|aL 9l
o}, ey felsS 8 FRE 7o) glom Z47te] &
Q8 F2EY FHE5S 2305~ mm FA9 ¢F = B
2|=jo] ek whebd YA ol oAl e 24}
9] 7% ESSE Ald¥she= © qlo] Fela= 7HIA =, 24t
9] QFAE YlsliA = ESSell FskA elssidl F AA| et
Fao Atk Aol viAlsith AZollA a9t AAH
AR BAE H e B A =TS st At Ay

o W53l 7|9 S &3P ol AdRelA A
TASS HEHOR WSAE 4= Sl el tiek awlo]
ALE L ek E]E A @A B MRS ARSSEe] 1
=S| FEEtE AL e A GEvHOlE St e W
ol digh w55 FAT AF- e T T L+ A

o

the 237k QIIekY VR 7142 o83t ESS £31S 9%t
AlEdo|El= 19984 w2} Lockheed Martin(Akron, OH,
USA)l 9J3t A8 7= endoscopic sinus surgery simu-
lator(ES3)0]™ o]& 0|83t o] A =50 UEES]
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k> £3] 20109 Fried 572 ES3 Al &20lHE A%t
1279] Haelel 187 ok 1319 Hyele] =& &8
H) W3} injection, dissection, instrument manipulation
ol SlojAl ES3 A} BIZg @Al Hlsto] f-ofstA H

= w75 B B skgink ey ¢ Aele 2R E
ERY A o] melo|gl o ul-p- a17kofA] Fe] AREE|A] 23]

Fig. 4. Maxillary sinus 3D model from thin sectioned computed
tomography images (A). Virtual reality image made with a 3D
model of a maxillary sinus, a view from the inside of a maxilla.
The maxillary sinus natural ostium can be identified (B).

Fig. 5. The created maxillary sinus virtual reality images are viewed
using the window mixed reality (Microsoft, Redmond, WA, USA)
device Odyssey (Samsung electronic company, Seoul, Korea).
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I A= ALY APE Aefoltt. ES3 o] % H5E AlEdo]
E]+= McGill simulator for ESS(MSESS)& 2014 Varshney
590] s A BHolEIS o] 83t AT AnE Kl 33tk
MSESS& AA| 84| CT /= o]&-38te] 79| Fuls
1S AL, ZF kel e AAl Hutrt 22 3
= 7o &2 Fr1eke] AR Bskeitt Eat jiE u e

o] 7kt 4 mm 7Hd WAIE S F7FskaL WAl £ol qt
of §& A5 Aot EteliAl= 7e& sk AAdE
H8F3IAL, 5000 rpm®] HE & Agdl= 7He] mlA| A
(microdebrider) B3t &= o] it o] HE2- 1) pass the

endoscope from the nasal vestibule to the nasopharynx with

l)l

minimal trauma to nasal mucosa, 2) pass the endoscope and
use the microdebrider to contact the maxillary ostium,
sphenoid ostium, and nasopharynx, 3) complete anterior
ethmoidectomy, 4) complete posterior ethmoidectomy, —L
2] 5) wide sphenoidotomy 5 57F4] A< 1H4S wjg] =

23} skof Ao, Z12te] ©Ao] $RY=E x| g)s)

of ula 9 B3 4 gl

Virtual Reality in Facial Plastic and
Reconstructive Surgery

ok 33 o) A] VRO| ALE= ojod o 57

%% A (surgical planning), 5% ¥ 7] H(surgical nav-
igation), & W2 S 38tz s 4= ok obd Ay B
ofo A9 VRE HMDE AR&-38l= WHA|HTh= g zom]

9 A 44

Fig. 6. Most commonly used haptic devices, Touch (3D systems,
Rock Hill, SC, USA). Each joint has a motor, so it shows pre-pro-
grammed recoil action according to the movement of the user.
Adapted from 3D Systems. Available from: https:/ko.3dsystems.
com.
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16@0}71 A 7 ZEE JE A E o]8ste] Aol =
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T A AEE dS5p] Yaf AHRE7] = Fh b A
9 24 &2 gt Aol A(navigation) A= 2 AR
o] ARgE AR fARe] Aol W Ei= diAt 7]
A& Ggete] HolEth BAR|= 7MY olnRE &
A7 A, B olAEY Y 2 AT A
AP o7 gRIskal 7F Al AlEE 4= 9l
F& EIRAR M Y e G4

=
[e)
=o] tjFtEo)7] Wige] VR 44 +5&
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il
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=
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F= &
sto] el U & weo =2 E 4 gk WuP Lin
58 599 7MEAl 18 AHE 531o] Lefort 1 A&
22 A|FEHs BHe AvfEla e Au|E B8 = A
o, Z0lE 11 5& Aldehs 5eke] AR ExfollA =Y
S A3l Aah e A w=w(forced feedback)S ¢
4= Qe Sl wi$ ohFel sAlo] ARgEL B2 &
Al Algshs Wio] =g thE QM AE 9 Al =&
o] £ ol AR Frofsto] AHsl] A7kl 420l
oy B XY= =A] HEsHA &7] ofgrt aLs e 360° VR

AAllehe AFgste] 44 AL Hakeh WESlt olw
A A, Bl A4 o
°ﬂ © 4 glov o

D 284K A %

Fig. 7. VR camera for facial plastic and reconstruction surgery
(360 round, Samsung electronic company, Seoul, Korea) which is
installed in Samsung Changwon Hospital operating room. With
17 lenses, it is possible to record high-resolution images and im-
plement VR environment. VR: virtual reality.
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Technological Limitations and
the Future of Virtual Reality
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