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F208 Y v 2 YAy AT (randomized controlled trial, RCT) T+ H|FAY HlZ AT+
(non-randomized controlled study, NRS)?} S8 A+E Aest9Act. &3 A8 2
F oY AR =dHor AES H, dH YAE Foto] HF 2 AU
S Add" ZAE9 HEY 98 B7he RCTY 4$ Cochrane?d Risk of Bias
(RoB)E ©o]&std, NRS® 7% Risk of Bias for Nonrandomized Studies
(RoBANS) 2.0 &%= }30}@3} Ve AE 94 754‘?3-’?—01] disto] weEHREAS

ofr

TS
)

2
[

%,
i)
g
I
>

i

O 8% 24
I. 783 4719 o83 A #¢
T AANHE o8 A &9 A 2 fFadd] Wi £¥ F 2040 A



o T T T Bk H R E YT L N A
o TR o XD B o [y Ak T o opb B
- - " B ook Bom & o S =~ B OR
= ol T8O E! BT oR = ) o E! = o
BRT,. FZ xduxz TH 2 sz el
s = 2 o — 3} g A
B RS w_wwﬂﬂmouuiﬂ.% o il F B X oo m
g W o o S E o X < ™o _W_ "o T T
o " o I N T -3 34 o ok iy —
o' T - ‘Iopﬂ o Q_O @ ET o lﬂ_ or ™ 5 O_H N E_”E .Ard e LW
I . T 80
Swe® X IuwTR o F Frusi
= 3 = :A~111_|
mePr P FToLdT TR R peRCF
g X o <! <~ ™ y X Re A\ EEHE ~ B AW o° n O
o B Al e ) B ol <+ — 4
GO i R G e - CIC
H A =S T Mo gm T ™ o= N e
=~ X oo Qo ooy Moo o rh = 5
g o J B o oa EomPh m N dlo ﬂ.%%%
o o T © ~ do ™ o) B = = Toge X
R A}.Dluﬂ_n_moﬂo:ﬂ_o_b EEEey ~ — % T T "
o T m.w R I MH___ SR ;o= % E B
n_AlﬂnMMv_o ﬂWMMAENLWLcTA ”W_m ~ _qnﬂ_L/lﬂle_M
e T EGT BT g ECI
o oo B e LM R R S o g B
_I,Ul,l_kl_u.x ﬂlW.l,Ulll = O“_O‘.W ¢ EE._ ,L,AlyO_
oﬁ &= o e R i o B e BT M
Lok e T T A . AR o & O B
R Ho o or m X oy B R B BT °F N o o
Fm A S0 o ™ oF @1 O % LR ™ R
o L - A S
o 5w W X I IRCHE o o oW
vl o 1‘9| —; —_— =
%o Ay % _ = ,W J.__. wr_h mj oo o N = T Me
oo R ujy W o W ujp Howo pp B
" oow ™ 1._“_ = EoH a2 ST 1._“_ e = I
iyt Tl ol UG 1o of B X X jo {4 (AU . = ) oF X
Ak o® of %0 O T .m W o R o= =0 GO = o
. ofy Mo o oo Foowm o Lo g W o gy o G 2 = M %
OB o o &1 <F o Mw R B oo g ofF <+ ©° M = °l No
I ° B oo = ow owE H DS - oo B g M
T A < F YR HE T < F ~N F YA ™ oW
& oo o S NS T of T T omo m

HofA &
ii

2

o
—

A9 g2
%

13

H
=

]

c

o
2y

7b Aol A (i) 1A
Aol7k e (v) A

AL,

a

]_

h 84

o

9]

o

T

TEEL FAHCE

1

o

]_

s

G900, RRY AW AT o4

o

0.8-1.5mm HAIHL. (v) ATEES 2HoAM B

RrE

a



Q
©

bT, R 390 A

oA Hils

44
3

reAze
L ECERE

(i)

® 3%

A

1

e
=

o7k QATHE, 192 ny7} o]

Aol7k AT

“?‘l’

29

T A4

.

N

A7 AR oAb

EERECC TR

.c:)_j_

7

=
o

Zol7h gtet. (i) 49

99

A2 A4z

o (i) ¥4 HEE
A eed ASE FEH A7l peAt #Y AR uAe ¥ 2

__i

YA
Njo

(5
L%

o}
{3
AR

ol

i

(5!

olJ
6]
il

o

ojw
Y

HolA K

/go

o= BEY 497189 Agor AFe o

of| A

B

olJ

of| A

<
<+

N

—

{3
t

].

13RAA 2
bl gEEg B

[

L
-

98.0%). (i) AR &=

2735

ol
ol
mR

o

By

AEO
=g=

oA HistAIL, A WAAH(13E) 5 Aol

P
T

A

Faet. (iv)

o

Imm ¥+ 2mm ©°]

SN
R

il

ol
=0

el

H

o 1o
= 1¥

=
=

=13
=2

file. (v) A

TR
o]
5]
b

ol

ol
o
ﬂo
)

ol

g2 A7 £&A7te 10-1838 22 Yehgth (i)

Y

__O._

)
o

—lA
o

3917

Zl
=

s 19

a

o] g3t

o
=

2e1 3974
ot 29 A9 AL2T o)k

4
T

11T

o

5]
AR
B
M
T

ol
B

\Y



3 5% _ﬁ
o ! .m.Mzo
o A 1_w % " op = BK M
o = on i e .
= A B L B W oo
N o IS == el A T = G
=X B o 2™ 5t ok Hos Ul
ulhi ,;A|ZT paal ,DIS._# ,DL,UI.mmko,Olﬂ._O,mMmHE_ﬂ_
g oj T H1__/|Hl2./ﬂ\u\/ﬂ|. o o % g ] ™
; o B 0_35%2pogmml“m#%o_ei%ﬂl)
- b D_.L,Mﬂl Jlo._ﬂ_.ﬂ_Al Elﬁ.oP_o Pﬂbmawmumnyﬂ.* VOE
T S Bz B2 Aﬁo11ﬂ mﬂLomﬁLﬂ._oagoﬂ40 T
bk o B o ©E B B ﬂSﬂMlmﬂN91uL.ﬁo
. of annm_l_ﬂ_ O_HAT:,mﬁwm_I‘DI@,ﬂuIL_‘_H._ﬂ_'Oﬂo(OtﬂlﬂW‘W-‘_
) _l_ﬂ_ E_L.HT_ mﬂATﬂO_MWﬂE_I_IE._L_LO_E]O/O,A_.Emm"mm,—l._wlgﬁ
O m__m o) T M _._.Ldumﬂ%._oAEE@L%HT@H%:_/)AT%mu|,_1
~ < miy ou_o}ﬂo@i 0 ~ W o By
X = Ry P o H._ATL_L_,EzJ,mnﬂnTo_L
= " W_M_ﬂ_w ME._oﬂn,o| ,_ﬁ,maawrowmo Ew:METW_.@.A_.E
uF S u%%%@%ﬂ%%u}1L_Lio o S
e e B ﬂaouraazuebg%x%ﬁﬂo@ W E
o i w o %]].%o/.nxuaﬂl.@anﬂ AT g
" r Boig %A%%a,%immggﬁqugmq
,I_E — H._l
2 m o T <~ Ex ufﬁﬂﬂﬂg% N s
i S m%@%@iTATHOH%W%AE%%%zﬂ
. &Ko __ofmmm% Wﬂﬂoﬂ,%nﬁl,_ﬁﬁlﬂo%.ﬂlow*iq
= = =T @ﬂW@z%@%Mwiqiﬁélw@
) w < N ﬂmndfoo&mommwrwﬂqwmzﬂ?mmﬁs
3 o o~ w3 BT S SLERFTR 8
17_.0 mﬂ.ﬂnﬂuy L_LHWD_,/_V]_ ﬂNl_/O_LvA,_H_Ol_V]—]‘Jlo_V]— _
b ¥ uTHumeu‘%@ﬂ%ﬂzﬁmj%ul,ﬁmﬁo
- O,mﬂi‘._ E._,|‘ [~ y,._ku [ froant _— o)
o T R o_@uﬂb%mM,newnnauiﬂmmzuo_VAgE_L
g = e Poqm._wm:)ﬂmée zu)uTJAIdlAﬁ_MMMqAT}E
T .M,_% mmﬂg_ o uoﬂﬂmﬁaw”mu_nﬁﬂ%mﬁ&L_L__nooz)x
= ~ - .IQ\J 1.'] T
2w 20 .waeﬂ_%__owﬁw_mamﬂ_ﬁwo_%ﬂw@%wm
- . U - ) =) O -
-2 MAAEQAEWWU Mo@dlé.,_mwmﬂﬁﬁﬂrﬂﬂregﬂo@w_@o_ﬁmduﬂ.l
b ol A Bz A B N o] < .M|M <y ,.ﬂ —~ ™ ~° T W Mo uk w I "o BE T
s oh o B o oo e B
b L zgzﬂﬁ]m#mAwaMﬁﬂlwxmaﬁm
/|\ o . _ X 1_|. “W
ol r S =
_O_En_@ﬂﬁg#HM%éwwwiﬁo:
x(GmumMJ\mwmmw_ )
2w o b



4
o
.

T

1

S

sttt
A

)

AA

=

fu

iy

o

oA Hi

Aol
A A9 AgAS

a

[¢]
T

F 1

K

st (i) A% g4l ol

Fad. 18dAE 7

244 Aow dqAsgT o
o]

o

o

=

EER DT T

39171

=

A

AR F (i) #2 239 1
A

=]
s
]
=

2
o oHa4

I} 2o A e

o
Foll ol

1
=

0]

ST Ei

37 38
Feic. (i)

%

A
=

M

5

qde 7o

A
T
juH ARt 9%

E HY

7 1498 Yedth
o (i) A5

(i) FEATE 28N BT

%
3 4917 o)

shlm. 1HoM s FH3

o

5ttt Rhee and McMullin® =+

H

1

A

o

skl (i

oflA Hi

172

L5

i

Rl
1

7

0]
F2 2
I. 784 A971HEE o

SF

]

#71
Adte 1904 21
12.9%% HI

ki
K

mya!
at

ojn

Bl
1o
Ton
o

njw

T

o

<F
ojm
i
=
ey

TR
<
o
[e)

o
A1

ol

=

3|

g

SERIERUE DS 218

P Aoty E

(o}
his

IAY BRI HBAGAT S| 0B g

A
=2

g &

A A}

H Aot G Ao FEE ZAE2 A we Al

E
=

Folk 9o, 24 ¥
9

A+

A

A9

A

T

o AdgE 2HM A eed FEH BAE ARGAl TlAREAS B
_CI);|

P A/ A8 HA
B

Vi



oh
o

=]
-

oIt ol 3f

=
.

o ¥ 44 S FUwst 47EY

171 olE& FAoA Al

9

—_—
1o

3
N
b
ﬁo
B/

o

Axe 3

bl
|

o

Z]
s}

oAl ey, Y3

shere

=8

A97199 2ol

2]
=

o 7%

_CH

AR71HE AR 9 ol

BH
Nlo

jarge]
Mo

—_—

e

o)
i

AR 719, FAHAFO1/R

FedAd At 9

e

1

o

FT.

=K

A}

ojm
ojn

39718 ol %

LE

AFolA

=

e FEH ZA7E AHEAIS 1]

Hr

7ol

mj
T

ol

<+

oj
U

Y

T
<
o
[e]

o
Al

ol

AR

ol

A FEY A9

o
h=)

O

A AN ADAGAT Sqo] ol

S
=

7] ofg2 gAfA A

o5

on
oF
G

oF
o

—

<A

A

o

oF

ojm
ﬂAlO

N

ol

o
or
fuzel

X
oV

T

olJ

28 397

o Aol 9T}, A,

o] Wadhe

Q
(o)

bl olgnty wEsge A% $edat 9

93]

o =
£ %

i
5%

o

o]
A

3

7\%oleta b

Vil



%01y

BAHA bone(-)anchored hearing aid

C comparators

CAS computer(-)aided/assisted surgery

CENTRAL Central Register of Controlled Trials

CES Chronic Ear Survey

CT computed tomography

DBB dental bite-block

(3)DCTA (three-)dimensional computed tomographic angiography

FDG fluorodeoxyglucose

FF fiducial frame

GBI Glasgow Benefit Inventory

I intervention

IGS image—guided surgery

IGSN image—guided surgical navigation

IR infrared tracking

KQ key question

LSSS laser skin—surface scanning

M month

MD mean difference

MRA magnetic resonance angiography

MRI magnetic resonance imaging

N/A not applicable

NC navigated control

NR not reported

NRS non-randomized controlled study

NS not statistically significant

OR odds ratio

PA position accuracy

PET positron emission tomography

PRISMA Preferred R.eporting ltems for Systematic Reviews and
Meta—analysis

RCT randomized controlled trial

RoB Risk of Bias

RoBANS Risk of Bias for Nonrandomized Studies

viii




SAGAT
SD

SN
VAS
VS.

Situation Awareness Global Assessment Technique
standard deviation

surgical navigation

visual analog scale

versus

year
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Sty AEe A e AHY YAY HFgd] Hsto] AAStE HAZE mEd
(feedbackyqe AT IGSe= AR iy Fx2E0] Elur] o] At
(foresee) (Matsumoto 2016).

IGSE AR WAIAZ RS (sinus) $&A ¥ AL H
A IGSE €4 d EHSE i (Matsumoto 2016). 1A

4>H

Hi A&Y 9 ¥z 2o JAFEY AREd E3] Hgsirt %%%éixﬂ%
(mastoidectomy)& A& dAIZ & & Ut RYEAES AY 714 dfjFo] Ho}

7] $loto] E5FZ(temporal bone)d FFE7|(mastoid) FENA #E AA G FF
SAAES vFoA A o 12 ¥ £FHL . & #&2 Fol Yol § B
o AeoA] AdEEARA I8 SFE7]Y(mastoiditis)o]U AFEZ(cholesteatoma)

9 Ago = gt HALA ¥ 2AE AAsH] fsto] FPHT. fFFEAE 5
Qo =& Aok Woll = ZA0] $2% FRE(Y: AT (&4 Al HHEFHIE 2
), ZAE(chorda tympani) (EA A "Z FAE 2HY), F+EF

sinus) (&4 Al 8 z#39), YolZ(internal auditory canal) (341
HAAIF S EFSLY qlow, 38 EVtE &4 AE Y 24, 43 Ao, ]
£ (milling) &<t EZQQOF”} ki

d

HAAAXA

y 1= 0 w0y

M= (sigmoid
%)

ot ool 4 A4 9 24 mtdli(feedback)E AHEotY og FXE9 AT
Za3 ME AAS ot gtrh(Siebold 5, 2017).

IGSO| &3t o]F}9ALY 2= Q1HE HEE(required accuracy)? 7149 A
+74(additional invasiveness) 7F9] @@o|t}. @ o]FA= o]F AJ&AA 0.5
mm 0|39 §F0E a7t olgd a7FAL tAf 0.2~0.5 mm] FA(pixel)
371 CT A=dP(datase)d =& JHEE QA3 FL o Ao AU F

=5 =07 9oto, A5AA Ale(@: J5A 71 EAN(fiducial marking), 5 &
#HY(head clamping), CT A7fQ(scanning)oll ¥ F7HQ TYAALE F)o] HFT}
e A7 otk shAY, ol AFAHLE sty IGSe Feol o Ao
&ote A2 ATE YAt (Matsumoto 2016).



2.2. D9 AY

rA
Hu
Rl
o2

Fol £ a7 Ban QyEeA Yol FAuA Uo
AL uF  ojulAFaety
ol

statement) @ Fojd3 170] &

7E 33 =]
- 0/F OOz eE SHRASENE 2HS U TN

g
=
Lo SO0 25t sl (complex anatomy)E H&
e *&8NE BEZ5| ¢ B
ARE XH #29 22 3

5| of
[5t0] MHotA MEE Z20
tgg XX J2fet g8
XX[op7]0f E28t ME7h ot 26 27|80
£ 7|22 HE9(operating surgeon) MZ 510 AL
T A3 (experimental)0| ALt YAAEE

>~

(investigational)0| Ofd. CIS0|, 0|2 OH|QIEWEtS| &
FRELaR0E J28 M £219 272 235 A
2 27lsotte gAY, 0|8 M™sty, MEE0H §
0|42 (Position %aﬂj. 4‘—_% MgH *l_% Mb|A= HEEZ0H0 40|
Statement): XF‘IE #HE A 9-_|5f01 ANEE Z20 =0
D|'—'_~|l ZOH XY 229 (relmburse) E|0‘|0F s:l' 9::1%'3 XI%‘I —)l\-ﬁgl M%OI Eg
OHIOIBIIEE & A2 = AIZ(Intra- g Aoz 0AXE N33Y U= O3 23
dRsagd Operative Use of
(American Computer Aided 1. RHIS M=+&(Revision sinus surgery)
Academy of Surgery) 2. 98, O 2, M0 7|25t HFE 2HF f2
Otolaryngology- (Distorted sinus anatomy of development,
Head and Neck postoperative, or traumatic origin)
Surgery) ] 3. ZHst H|Y U 2HE ZYZ(Extensive sino-nasal
HLHgY: polyposis)
20144 382 S
4. =5, AEE &5, HYSsY #HE Yal(Pathology

involving the frontal, posterior ethmoid and
sphenoid sinuses)

5. SIHA, oot AlMZA, ZEU0| 21FS He(Disease
abutting the skull base, orbit, optic nerve or
carotid artery)

6. XM HZ E= FHX A2(Cerebrospinal fluid
rhinorrhea or conditions where there is a skull
base defect)

7. NI YO HY Y FHIF AMS(Benign and
malignant sino-nasal neoplasms)

&X: https://www.entnet.org/content/intra-operative-use-computer-aided-surgery




2.3. =UHe =03

FUolAE 20159 190l "A-485 FHIAH7IH o] AdFAZ SAHt. o
st 1z7F EAG Hee2 AeesE 44 59 944 8840 Q1 AE
5 Fo gt ASAH Q77 Ao R Eof AEdo] EolRGE 50%0|t}. ofH]
I 52 dAY 584 A Ax diy v&ad4o] wgote] Addgo] £
80%Z 20159 1Y 19| A%E F=o|t},
A3 AZEY P9 FojuFo] £ 9 Fof FHrHAASE o2 220184 7]

BdF o 27 A8

=z
s H

)

CEEEE- YABY as FAUE)
SERRIHQAT|¥ Navigation Procedure for
Surgery ]

45 210, 00 XE U UA SO Bt 7jE

) HE M2 QY 20 M8
2. AEH FEHAY |7|tH XIEIHE EJ e
HY7|H MAL Needle2 HE AHSIT

= 2,672.78 196,450
54852 U +2 5 CT REHFAIIY 7,768.33 570,970
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1.2. PICO-T(timing)S(study design)
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Q0| =H B4 (surgery of
obstruction of external auditory
canal)

Q0| =E UM E=(excision of external
canal tumor)
Z0|L5ERX|=(ventilation tube
insertion)
DANE=(tympanoplasty)
TIM&S(myringoplasty)
[UZHH|=(mastoidectomy)
Z0|UH A (surgery of middle ear
tumor)

navigation, IGSN)2 A%t 5 +&

- 91S5=%HEI&(incision of
retropharyngeal abscess)

- OtH|'- 0| =X X|&(adenoidectomy)

- FUFAYZEY=(operation of
oropharyngeal malignant tumor)

- MEM™MZE5(tonsillectomy)
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- FHE77hE& (petrosectomy)

- 0]AZXZ1&(ossiculoplasty)

- ZEEH7|0[A%=(bone anchored
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- 01Z22(cochlear implant)4&

- QHHMA LY S (facial nerve
decompression)

- ZUXMZE2(tumor removal/resection)

-1 s

iﬂ[;fgfﬂtéf REY BYIIYS MK 92 H 42 | DHY BAJIHE ASHX 92 48

( 2AHY ) ( QHEA )

- Ng HE YHEE ATME &4 S - Ng 28 YY3E

([84) ([8Y4)

- 5 4H NE - 22 WA KB
NYE NYE
=5 438 2 438

- QRO HeE SIXIE0 HE
M42E(rate of revision surgery) NESTE]
X2E(rate of recurrence) WEIES
2= A& HZZ(alteration rate of A4 73 HAS

10

Outcomes
(Zue4)

Time
(EXEETITY
Setting
(H88tg)

- ATt
22 5 24
U
A HE XE
HH 3 2 FEIAEL
4N ZA SH: visual analog scale
AS), otological symptom score S
9| &: Chronic Ear Survey (CES) £
=
o

Tob

ST !

surgical plan)
HUAAY 2H XE

SHAF QHEL: Glasgow Benefit
Inventory (GBI) M4 S
22X #8 XE

- $& Zilsurgical performance)di|

DR o35 ~e0 I, Jksst ey
=Z=O| A =
o—l T o

o

- A& OlAl(situation awareness)f|

OjX[= Esk: Situation Awareness
Global Assessment Technigue
(SAGAT)

- YRESKworkload)dl| O|Xl= Fgk:

A

H

FIA 2ol AN FMMsE
(spare capacity), M2|st™ -2

St= ore
0,_|'-,-I| [Ey=]

o

A

&2
ojo

- YIRt

A &E A

g
I

- FEH B4 SH: visual analog scale

- Ao
20

(VAS) 5

=

% OEE

sz Aol O|FE Y
A olMof Ojx|=
AS5H0) D|x= Y3t



T
IE

Il E7re

0.

& HELWHE
Study Design - SXIHA HIE%QE?(randomized controlled trial, RCT)
(G748 - H|2XQ| W (non-randomized controlled study, NRS)
- - 57 %7(case series)

=9 EAAML Ovid-MEDLINE, Ovid-EMBASE, Cochrane Central Register of
Controlled Trials (CENTRAL)Z °ol&stdtt. =y EIHAML KoreaMed, KMbase
(= ogt=FrolHHlolA), KISSEH=et&AE), RISS(BH&AT+HEAHA), KISTI(FE
71€etgjutE)E o|&5t gl

e 55 £ Mgole IAH &ol5 s metstct. =9
Ovid-MEDLINEO]A] &-&3F HMolg 7]Eo 5

=
ofF AMESIAIL, MeSH term, =24, 344 59 AW7|5& #Hs AHEst

A4UY A9 39 B A AST AAAFL 7EoE Y YAt A
944 So| AUA Pt doleuolad A ol HUT| 43, HAdt] 4§
ou 7 dolgulo g B4 Bel IT I FES EeIHoT

BAT A AFL (35 V-Dl AT

Cf. g7zt § STl

44 Aoe ETAAE ATIA Aokt

= oo
el
o
&=
k=
ox,
2
>
o
2}
4,
=

[N



S
Ho
rQ
rx
oA

T8 A=Az 7]Ed] 898 A™/uA 7120 gAY APl AME £
3o disto] & T olFS AEA 5HARE £ ¥ oA Y& Foto] T A
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5ot A GAE o|FLE St 1A EAAY B2 Y9 AuE AFE HE
s, 24 ERAY A2 AL A 25& HES FAYG AR by #
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o QIZHNY 7L OFH 2R HMAUNAY, SE4
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CT, computed tomography; MRI, magnetic resonance imaging



o
|
X

=

- Ovid-MEDLINE (n=1,792)
- Embase (n=2,501)
- Cochrane Library (n=502)

=2| DB (n=
(T4 2019.1.22)

=L DB (n=188)
(E4Y:2019.27)
- KoreaMed (n=84)
- KMBAGSE (n=69)
- KISS (n=6)
- RISS (n=20)
- KISTI (n=9)

4,795)

¥

E77 T 4e 29 (1=3.542)

52| DB (n=3,389), LK DB (n=153)

]

HEY 23 n=297)
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Guo , : 429 navigation group = i
1 (2015) - 2010.8.~2013.12 infratemporal fossa malignant (11/ 31) | C: nonnavigation = C. B
- 37 tumors infratemporal ' oup: g - BUHAAY &3 XHE: | 133974
- University Hospital fossa tumors Sonvz.ntional 2N, 22 3 & | (4-30),
(1) EE p=0.139
surgery . ST W AE: -
- e #E NE: -
(QrE )
. - gH3E
- NRS(ZEH ¢i): (Ra4)
CAS Al2g= I treated with NN XE: 9
+ 1996.~2008. © surgery by computer- —_rfl ot e
, N . T o : ol g2k, HrsE
Caversaccio AQA cholesterol granuloma infralabyrinthine 6H aided surgery = o
2 . HYE 671E~124
(2009) -+ tertiary referral of the petrous apex - subcochlear 6/ 1) (CAS) . BANAY B KE:
center, approach C: treated without N'IA';E' =
otorhinolaryngology CAS . ;ﬁ jl_l|._E1 X|H: 2z
outpatient clinic (1) N 54 5H
- EN A XE -
- NRS(H&H A1) NC | lateral skull base: - I: navigated (QHHA)
: - surgery on the = : St xe
Hofer mastoid vs. severe acute or controlled drill, - YYEE
3 . S . lateral skull 224 . o= A NR
(2008) conventional chronic inflammation base @/ 18) navigated control | (R&4)
mastoidectomy of the petrosal bone (NC) for surgery | - &= o3 XH: -
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0 C: conventional £ 2/ o N/
mastoidectomy YT Hoo )il ¥
5t
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- HHEE
_ o5 A
- NRS(B8H ¢171): lateral skull base: I: computer (rr:lel
S 07): o +2 U NE 5
Wt CAS v bony type C aided surgery Moz olrE ~
: . (S h (CAS) . C;IJO_E, Tlxl%l'ﬂ 782.*
Caversaccio without CAS chunknecht i T, M8, NMEE
’ , , Mz
4 0009) 1 1999.~2002. classﬁpat:on) _ - lateral skull 18Y gipaglen;tal .b.ony HHANAR 2 XH
C: 1993.~1999. congenital atresia - base surgery 9/ 9) ' atresia- A7t NR
DN microtia and a repair with CAS Iz
PN i repal SX B3 KE: A
é c 2 X
" NR middle-ear - similar 5 o
. ) ] M =Ab X
abnormality intervention *"Xo"iﬂl_ N
without CAS = f tj}'“' v
£ Zu/ 4g o/
AL Hoto OjXe ¥
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middle and posterior 7
. _ _ OLR A
33 o7 fossae: skull base I: real-time gLélr_tﬁo?ZE
: Ogiwara : 5915.%2017.12 tumors that required . navigation- <ob;=;16>§
(2018) : EE . drilling of the petrous drilling for skull 209 guided drilling .WAAO o3 KT AL
| tji;lversm/ Hospital | bone — schwannoma base surgery technique for IEEL‘_ NE e A
: ) o skull b cos
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angioma - B e XE -
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(2), mature teratoma £ A1/ o N/
) YT 2otof Xz &
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lesions involving the
skull base: adenoid (QrE M)
=3 o cylsﬂc carcinoma at . :{%‘%5
. ;’014 1 ~2016.6 minor salivary glands I surgwa! <TT-9-:8|> )
6 Wei z2 o e of the palate - skull base 1501 navigation : —fa oE XH: PR NR
(2017) e . extending to the skull surgery © technology/ 30| HE
+ University Hospital base (5), suffered system - HUAAR A X|H
M from bony ankylosis - B #E XE: -
of temporomandibular - eak HE NE
joint (10)
(QrHN) -
(284
3o AP - e o XNE a8
MDZ ol%|50| X3t
. %;L) patients under 18. I lminirlnally.— ;OE Fixis g
7 Balachandran | 02 years old undergoing | - lcochlear‘ A0t invasive, image= | SHAAE T XE: VR
(2014) . Children’s hospital traditional cochlear implantation 134 gmded cqchlear L EX B XE: -
University hospitalﬁ implants surgery implantation AT B KE: A
M 2 21y 4% o/
AT 2ot 0jxlz ¥
5t
=3 o7 I: surgical Q) -
8 Cho - NR NR - cochleostomy 29 navigation (®ag) NR
(2014) U= system for - aE BE NE 25
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o1 03 of 7t .
al 1am ER RO i 52 a2 F74(), Aopis 2xpd
= i 5 o T oTT X THEH = =T
il (EhHD) o7 MEI(T|TA) T (N) (I/C) H| S (C) |7t
48E
- - HANAH &2 X H:
o . guiding exact LB B KR -
- University Hospital cochleostomy A .
. . - ek fE NE
Q) ;Jsmg aukdltory & AT/ M5 ola
eodbze g Ho0] ojxs o
&t
oY) -
- 5 AT(HEH I minimally- (R34
TSE 27 invasive, C & oE NE s
Labadie - NR - cochlear image-guided 458
. . 3 >1274E
o (2014) o= NA implantation 9% cochlear HAANAH A X E 12748
- University Hospital implantation SEA
@) surgery - B E XE: -
- e fE NE: -
(QrE M)
B S
(R84
3o AR A7) I electromagnetic | - 2 ¥ X|H: 32
. lateral skull base Aoz o350l Ma
10 Bernardeschi | - NR surgery using a bone | lateral skull 408 computer- Mg QR|E0l Hat VR
(2013) oA anc%or»i/n de%/ice base surgery © assisted =
- NR g navigation - BAAE #A X|H:
&M
- B E XE: -
- e §E NE: -
- 5y HAEEH A7) | all patients requiring - complicated 133 I: image-guided (OLH M) .
Kohan . . A . SHH=Z cia' 483
" (2012) - 2003.1.~2010.1. complicated surgery otologic ONES surgical - YHBE (6-90)
= for chronic otitis surgery/proced 1571) navigation (fa4
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o3
ol 1xx e RO e am a2 F74(), Aopis 2xpd
il (FHUT) ﬁ—_rll_@d'é—i(7l?‘:*¢) T (N) T=or (1/0) H| S (C) =TeT |7t
media, glomus CAs I XE s
jugulare, atresia, NIE, Qx| HE
cerebrospinal fluid T, MYE
- NR leak with or without ures (IGSN) - BUHANA" #H K E
encephalocele, and **A|7+
cholesterol granuloma f oA XE: -
of the petrous apex SAF &3 XE: -
I: cochlear (Ofﬁ*ﬂ -
- 3o AREYH A7) implantation (Trg*ﬂ
- 2007.~2010. assisted by =& 4d XE: AX|
19 Matsumoto - YdE CHARGE syndrome - cochlear 9501 noninvasive %Fﬂ e VR
(2012) - Tertiary referral s implantation © image guidance: | - EAAR &3 XE
university hospital image-guided A7t
(1) otologic surgery | - ikxt o XE
(STAMP method) 28T 23 )(|J¢ -
<orxw> Z
. . (ga4d)
53 oR(myy o) | Pelients undergoing 3 . | s B NE YA
13 Grayeli - 2007.5.~2007.9. Iateraldsku.ll be:get - surgery of the 3304 l: image gu}dfﬁ 20| Mat VR
(2009) - OZA procedure. patients temporal bone © surgery of the - HANAH #H X[H:
MR undergoing temporal temporal bone ~
bone surgery s B KE: -
FEA $E XH: -
- &Y o OtHY) -
- NR . N I: image- (Kay)
14 (,\gggsg;])mom .o NR :Z?lgoegrlx(/: }gl;j guided otologic 42 29 X A NR

- University Hospital

(1)

surgery
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A7 {9, AL I, P ShniE:
g _MW ;‘Eo 274 O DAk £z z2 Uiy S, A FHnE
W (EEdE) o1 MEI(T]2A) HHY (N) o (/0 B STHE(C) =T 2t
A HHE NHE: -
- e §E NE: -
Qry) -
- B AF(EYH o fe4d)
3 AAE ZHHR | lateral skull base: I: image- s A XE X
15 Balachandran | - MR bone-anchored - lateral skull o guided surgical 0l Mot
(2008 -0 ing ai 63 g 2 NA
) = hearing aid (BAHA) base surgery systems at the - HANAH” #H X
- tertiary referral patients lateral skull base -
center (1) A A KE: -
TEA HE XE: -
_ OFR| Ad
anterior skull base <‘_gl|._u:|o;ZE
(342) and lateral skull o
faetal skUll |, =M
- 34 g7 base (64): ear canal Skg“ Egse I navigati <Trf,\°>ma1 XE: o3
Caversaccio | - 1997.~2006. atresia type C (22), surgery. - navigation TE o A #Ix
16 (2007) ASIA glomus tumor type anterior skull 64%Y surgery on skull Ol e NR
v . base + lateral base surgery HANAH” A XE
NR C3,D (Fisch) (11),
. skull base SEAZH
malignant tumor of LB B XE: -
the apex (11) & I%ﬂ B2 xE: -
Q)
. BiH=Z
. . HooZ
RN ?Az;?éig;tbfgrf;o?a?d - neurosurgery of I computer (#8)
Nemec - (20714 . i C s I X E 22
17 (2007 ( MHEE) bone tumors with temporal bone 159 aSS'.Sted TEEJ“ T'L T NR
) - QAEZ|O , ) navigated S3E. AXIEY B
MR associated cranial tumors =
nerve disorders neurosurgery
- BUANAE 33 K|HE:
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ol 1mm B ikt ;ﬁ;—; I, LERTO JO i7ON 0] S
W (ERUg) o1 (o) HEE (N =T (1/0) H 2B (C) =T
S B #E XE: -
- ek fE X'
2 21/ 4% oy
AT 2ot 0jxlz ¥
&t
Q)
AHEE
lateral skull base and ({a4)
x temporal bone: - e HY XE: YR
34 a7 . . ™ 510 X3t
MR encephaloceles, lateral skull I LandmarX 20l Fe:
Staecker e glomus tumors, base and e surgical - HHAAH B3 X|H:
(2001) . University Medical meningiomas, temporal bone © navigation SEAZ
Center (1) sch_vv_annomas,_and surgery system - SR E X|HE: -
revision surgeries for -kt 3 XE ¢
chronic otitis media £ AL/ o N/
AT 2ot 0jxlz g
at
endoscopic resection - implantation of
of fronto-ethmoidal bone anchored (©tx4) -
mucocele (1), hearing aid (3), <;§§>
=t Bty endoscopic revision fronto-ethmoid e 22 X[E: oA
Claes - 1997.10.~1998.2. after func_tlon.al al osteoma =y I: computer :_;E 75,?:*5 i
(1999) S _ endoscopic sinus through 107 assisted EIN.T. | £7iAIAE*' 23 NE:
- University Hospital | surgery (FESS) (1), osteoplastic . surgery (CAS) *iAI”D ==
(1) fronto-ethmoidal flap approach ' ;ﬁ 1;_1 XE: -
osteoma through (2), endoscopic Tm
. , - REA fE N -
osteoplastic flap resection of
approach (2), fronto-ethmoid




A7 {9, A 7 . Sp—
&l _U(W o= 27t O DAk As E2 WESe S, A FHIE
Wl (EHAE) o7 ME|Be HEY (N) e (1/c) Hl S (C) =T Izt
al mucocele
(1), endoscopic
revision after
implantation of bone FESS (1),
anchored hearing aid transphenoidal
(3), transphenoidal hypophysectom
hypophysectomy (1), y (1),
retrosigmoidal retrosigmoidal
resection of acoustic resection of
neuroma (1), acoustic
resection of ethmoid neuroma (1),
sinus adenocarcinoma resection of
through external ethmoid sinus
ethmoidectomy adenocarcinoma
approach (1) through
external
ethmoidectomy
approach (1)
- operations of (ot y) -
the petrous . computer-aided | (R&H)
- =7 o ch.olesteatoma .((.3), bone (middle surgery in the : T%EEJEJOIJE: O¢§
2 Gunkel - NR middle ear revision ear sqrgery). = petrous bone,l igg SN IS
(1999) e (3),‘ Igtera\ skull base mastoidectomy, 171 computer-assist e NR
MR revision (1), vestibular |  cholesteatoma ed frameless SHANAH” A XE
fistula (1) surgery, and stereotactic -
lateral skull navigation SiXt 3 X HE: -
base revision sEA #E XH: -
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A7 RY, A7
o 1 XXt g" e &l As zB
= i 0 oTT
il (FHUT) o171 MIEN(7|D &
surgery s

controlled study, vs.: versus, Y: year

C: comparators, CT: computed tomography, I: intervention, M: month, MRA: magnetic resonance angiography, MRI: magnetic resonance imaging, NR: not reported, NRS: non-randomized
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B 5 [ 48] NSO (4K S L BH S
BRA(Y) 2EHIE(%)
3 - 271y ez oAZIE [ c Hine 297
] (BHAE) | C zz
() GR))
recurrent malignant tumor
of the infratemporal fossa
. close to the skull base - computer-aided
Guo computler—a|ded and surgical treatment 42.3 47.5 navigation and IPlan
1 navigation ) . NR (18 (11~ 364|645 |- CT .
(2015) technique with or without -75) 69) systems (BrainLab,
g computer— assisted Germany)
preoperative planning and
intraoperative navigation
) . " 386 _ - framelesshoptsical
aversaccio computer-aide . : an system, the Surgigate
21 (2009) surgery (CAS) NA NA (fé) 36| 601100y ORL™ (Medivision,
CH-4436 Obserdorf)
navigated controlled
drill, navigated .
3 | Hofer control (NC) for NR NR NR NR | NR | NR |- CT * NC system .. (MiMed,
(2008) surgery on the TU Munich, Germany)
lateral skull base
computer-aided 97 - SurgiGate ORL™ CAS
A Caversaccio surgery (CAS) in NR NR 05 3 wve | owve | ocr system (Medivision,
(2003) congenital bony Né) SynthesStratec, 4436
aural atresia CH-Oberdorf)
real-time
. navigation—-guided - Curve Dual Display
5 8%'1“;” drilling technique NR NR NR NA | NB | WA EATRla”d (Brainlab, Munich,
for skull base Germany)
surgery
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HAAH(Y) 2EHIE(%)
S " 271y ez oAZIE [ C adR A27p)
] (BHAE) | C zz
() GR))
Wei surgical navigation ' nawgatloh system .
6 NR NR NR N/A NR | NA | - CT (AccuNavi-A, Shanghai,
(2017) technology/system .
China)
minimally-invasive,
Balachandran image—guided (19M - custom microsterotactic
/ (2014) cochlear A A ~8Y) A NE| WA cT frame
implantation
surgical navigation
Cho system for guiding - free open source
8 (2014) exact cochleostomy NR NR NR NR NR | NR | - CT software program (3D
using auditory Slicer)
feedback
minimally-invasive,
. image-guided .
g | Labade cochlear NR NR NR NR | NR | NR |- CT  customized -
(2014) implantation microstereotactic frame
surgery
patients undergoing a
lateral skull base
Bernardeschi electromagnetic procedure V\é\ith the 37.7 - electromagnetic system
10 (2013) computer-assisted Digipointeur” system NR (16 N/A 50 | A/A | - CT Digipointeur®
navigation performed with both the ~69)
titanium screw and bone
anchoring device
Kohan image—guidgd . Eztrlwepnlitcsatr:c?uc;rtlgligic  LandmarX (Medtrgnic
" (2012) surgical navigation surgery: challenging NR 44.9 N/A 46.2 | N/A | - CT Xomed, Jacksonville,

(IGSN)

disease, patients over the

Fl)
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BRAEY) | GEHE0R | o0
ol I 5 Nep|E AIE [ c i 42717
W (EEaE) o o | 1| ¢ | &%
(ER)) (491
age of 18 years
cochlear
|mplantatlon © custom-made
assisted by o
Matsumoto noninvasive image 218 navigation system
12 . , 9 NR NR (1 N/A 48 | N/A | - CT based on free open
(2012) guidance:
. . ~78) source software (3D
image—guided .
. Slicer)
otologic surgery
(STAMP method)
Grayeli image-guided E?]gsefcgitrl]ve tgile;]:ai bone * Digipointeur” system
13| ey surgery of the going temp NR NR NA | NR | NA |- CT (Collin, Bagneux,
(2009) surgery with the
temporal bone 2] ® France)
Digipointeur™ system
- IGS system
- open-source surgical
Matsumoto image-guided ) navigation software (3D
14 (2009) otologic surgery A A A A NE | VA cT slicer, Brigham
Women'’s Hospital, BA,
USA)
image-guided
Balachandran surgical systems at ' - EarMark™ System or
15 (2008) the lateral skull NA NA NA MA | NE VA CT BrainLab VectorVision®
base
- computer-aided
. navigation surgery - CT and surgeries based on
Caversaccio
16 (2007) on skull base NR NR NR N/A NR | N/A MRI self-developed
surgery images software and

hardware modules
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BRA(Y) 2EHIE(%)
 — 31 ez oAz [ C i 227
W) (Emee) o) | eag) | ' | C | BF
including endoscopic
and microscopic
procedures
- Navigation unit Stealth
Station™
computer assisted ' WO*ST?HO” (Stealth
17 g%’gff navigated NR NR (3531'721) w4 | 333 | WA f/ITRla”d szts?:;m » Medtronic
neurosurgery - fusion software (Stealth
MergeTM, Medtronic
USA)
- CT 749,
153 MRI 2 - LandmarX surgical
18 Staecker LandmarX™ surgical VR VR (é /A VR | na ¥, navigation system
(2001) navigation system -80) MRI+ (Medtronic Xorr;ed,
MRA 2 Jacksonville, Fl
g
- Medivision Image
Claes computer assisted ?l\;:eddei\(/jisisounrgAe(rﬁy e
19 (1999) E.N.T. surgery NR NR NR N/A NR | NJA | - CT Eimatistrasse 3
(Cas) CH-4436 Oberdorf,
Switserland)
computer-aided : - ISG/ELEKTA Viewing
Gunkel surgery in the CT/ma Wand intraoperative
20 (1999) petrous bone, NR NR NR N/A NR | N/A gnetic navigation system
computer-assisted resona | - position-sensitive
frameless nce articulated arm or
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O:I ol o ALO
d 1HH S REYES HH7IE [ C o A87)7)
il (ERHL) B0 R ! C &5
() GR))
optical
stereotactic (MR) three-dimensional
navigation images digitizer of the system
A8

C: comparators, CT: computed tomography, I: intervention, M: month, MRA: magnetic resonance angiography, MRI: magnetic resonance imaging, N/A: not applicable, NR: not reported, NRS:
non-randomized controlled study, vs.: versus, Y: year
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A e FAE QALE IGSN AHS2H tAEEY] HAY/falde BlEd RCTE
o]
AR

@ NRS

A & A5 QAo IGSN AL AEZY Hdg/F+a4E HwE NRS 4
HO Fdof tfsto] RoBANS 2.0 E—?i HEY oS Yoyl

YA Bt Y HEY AL 1HAE F o] 7IANE EAo Aozt Qo]

HERY H9o] Ra(ow)o2 BrIstgoy, izl 389 gdobe + 27 7IA%
540l Atz HuEo] A gfobA dig Gl it wto] Lste]l 2P Hunclear)
2 Jrhetglch. T AR HEY 982 269 49 F 29 AduiArE 9@ A4
FUL A7 A A3 YEY QA g2 AFA dol2z HEY
B7retRoH, umz 282 A A A+ fAgRdA 23t

rE o &
o,

i Olﬂ
rlo
oy
|o
HU

[}
= =

ojul et T dAolEE HEHY o] =3(high) O & Brletgleh ‘mHHS
o HEY A BE EHA ZAFQ] wEHEad] diste] o] ooly] R &g
(high)2 & H7}st3itt.

=% 4o o HEES BE TN AT AlEYAL, AH], Aledel o
3t Aol FAste] RAAS S T2 kd FHO= g A3 AY HELY 9F
o] ¥ L& #dste] HE HEHY Yol Ha(low) & BF7bsHH. ‘H7HAY =
7ho] it HEEL oig A9 FH Ao 234 w7t Y7 gEd w7t
d ofo] gt HEHe] MAE 4A7F oty wdste ZE HEHY o] W3
(low)2. & H7}5t9ich

A% Bret #AdME BE BHIA AT =45 AHEotel ARE Ao
Brb71&e B Aol BEety gaotel B HEHY Aol B (low)2E B7IS
At EEAT ARAE'YG FHNA = F8 AFA FHTE Dol glojA HEH
o Age] E(low)o 2 Brletglct ‘MAEd ARE' F HE ZYUA A
Aoy ABHFE ANt AYPE d2 245 st HEHY o] FE(low)
o2 ool
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A v FAE GY2E IGSN AL vAg 2o Hdde Bt £d2 & 44
o] ATHNRS 4H).

=
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GSN AH& Al Ale
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o

1
H3E
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o

o
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Guo (20152 AEst g ZFotet Fgo didt &9 computer-aided
navigation 71 A& F(IGSN A&, 119)% TAHQ] &S $Pe F(GSN
oA, 31%)E HI 3} . & T AHIFTES IGSN AHEZH IGSN T|AREZof| A
Y7k 27.3% (3/11) 2 41.9% (13/3DE, F & 7ol §9% Zo]7h A th(p=0.485).

Caversaccio %(2009)— FAAEY ZYAHE |0FFS computer-aided surgery
2 A=7% F(IGSN AS+, 5%)% computer-aided surgery §lo] &3t #(IGSN Tl
AR, 1) Hlastglch AR g 22 FEHFoIY e T dHLE T L9
A B WAetA] grekt.

Hofer §(2008)2 4 Z(petrosal bone)d 5% F4 F& WA @Foz Qg 9
Z FHA9 &g navigated controlled drill2 433t (GSN A2 SA 44

Aol GF5HA & (mastoidectomy)Z $Fe F(IGSN UJAHEF, 18%)S HI
Sttt FRAQD &AL F FolA BF HASA ot

Caversaccio 5(2003)2 AdA4 E4 9olx HHZS computer-aided surgeryz
A@et H(IGSN Arg+, 9%)I computer-aided surgery $°] A =3 F+(IGSN TJA
%EL, %)= HlwstAH. (i) & T YA dH2 F oA 25 TAYSHA

i) #& T % 24 dolk P (meatal stenosis) IGSN A3}
IGSN u] AHEZIIA 47 11.1% (1/9) B 22.2% (2/9) EASIA. (i) +& F 40
dBol o2& XFW(4 kHz) AAANZEA HY 2L IGSN AHEZoA e SAstA o
AL, IGSN HAREZo A= 11.1% (1/9) EAsHAH.
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SN F=inl ZHANH IGSN AtEZ IGSN DA OR -
(A1) Ha 0 (42) | Event N Event N e
I Bt
05192
SZL(J)C; 5) complications éog?; 3 " 13 31 ) 0.485
13.39
Caversaccio | major ~ ~ _
(2009)" complications 0 5 0 1
Hofer structure
(2008)” damage 0 4 0 18
facial palsy or
post-operative | & 3 0 9 0 9 - -
deafness
developed
Caversaccio partial meatal TER 1 9 2 9 04375 05347
stenosis
(2003) high frequency
(04 kHz) of up
0 40 dB 265 | 0 | 9 i g | 0% | 0476
sensorineural
hearing loss

IGSN: image-guided surgical navigation, OR: odds ratio

1) There were no major complications such as facial palsy and no case of post-operative deafness.

2) There was no risk structure damage with navigated control (NC) and also none with the
conventional group.

a) Review Manager 5.3 A&7\ 0|5t A&t
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L. oz o
A e AE HF2E IGSN ARg2o ot bd4 23E Ridd g3 5 74
o]
M

oHEE 4+ 749).

-4

W Alg 238 838
A w0 IGSN AFE Al Ale #d dH¥SEC dd 23e F 7HY £HIH
shAT.

Ogiwara 5(2018) FAZE(petrous bone)d drillingg 835t= F/HA £F A
(IGSN AM&-+, 299)5 Ao & AAZE navigation-guided 7|HE o]&std £&&
sttt EE SO Alewdy #Ed @S2 gy, @A ERAA =R
(labyrinthine) &40 A7} YUATHu2 HF ELE stresse TATIA LUL).

Wei 5(2017) =744} cggg_ Hel SA(IGSN AHE, 15%)& WA2E surgical
navigation 7|&< o€ty &% oA HAHALA £&, HAH(cranial nerve) &
3, 5% 280 2L d9FE DA LUt

Bernardeschi 5(2013)2 ZXH%7|(bone anchoring device)& Ar&3 & F74
A eed 95tE FA(IGSN ARS, 409)E dACE AA7] computer-assisted
navigationg AMESte] $£&g St ZEHEA7Y JAAH(positioning) O & ATt
AEFE: EF, 7Y, 55)2 TASA L

5(2012)2 AY complicated surgerys 2= TA(IGSN AR, 13“’4)

p

£ Y42 E image-guided surgical navigationg ARt £&(X& 154)
T} HE o)A 2% 2 FL 22 T 2O uAPskA] 9op
Caversaccio 5(2007)2 A% F/HA(342%) 2 A& FHA(64%9)Y F&& 4o}
gAE e nawgatmns Agstel #&(IGSN AH#)2 sttt 39 S
He FAA Aes TFYZAE EF5LY, & ¢ FEBFS ‘?—-_}"33}1] ATt
Nemec 5(2007)2 4174 (cranial nerve) oo} ATH 474 o Y44 € 4
Z25Z T FA(IGSN AL, 15%)S HiAC=Z computer assisted navigated
neurosurgerys ol¥th F& 5 THITS TASHA gt

=2

o

| .

=T 30| AAO
"ITE'_"] TE

ol

2 rr

O

Ol

Staecker 5(2001)2 9= F/HA4 S 9ot= FAHIGSN AHEH, 11
)8 WA CE surgical navigations ARSI &S oYU FUHITS WAGHA
%ottt
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B 7. [ 48] A% 23 HESEEYZ 47)
1 KKt 21} ESNG= IGSN At2# IGSN OjARE & OR -
(=) B (Hg) | Event N Event | N =
Odiwara labyrinthine
9 1 perforation or - 0 29 - - - -
(2018)
stress
complications
(ex:
. cerebrospinal
Wei .
(2017) ﬂu|d. leak, 0 15 - -
cranial nerve
injuries, severe
bleeding)
Bernardeschi complication (ex:
(2013 hematoma, - 0 2 - - - -
infection, pain)
intra— or
Kohans) postoperative - 0 13 - - - -
(2012) -
complications
Caversaccio | major = 0 & _ _ _ ~
(2007)? complications =0t
Nemec intraoperative “ = _ ~ ~ B
(2007)? complications Ted 0 1
Staecker major
Al = _ _ _ _
(2001)? complications &3 0 I

IGSN: image-guided surgical navigation, OR: odds ratio

1) ~ without any complications related to this method in all cases. There was no evidence of
labyrinthine injury in any of the patients.

2) No complication due to the positioning of the bone anchoring device (e.g. hematoma, infection,

pain) was observed.

3) *13 patients (15 procedures) // None of the patients had intra— or postoperative complications.
4) No major complications occurred in spite of the fact that the series included difficult skull base

procedures. // No major complications occurred during the use of our navigation system. (& 40671
9] &&: anterior skull base 3427, lateral skull base 6471) In one case, a tooth problem occurred
due to the maxillary splint. Transcutaneous needle matching resulted in small hematomas at the
injection points in 26 elderly patients. The 10 MHz ultrasound is robust but appeared complex in

handling.

5) There were no intraoperative complications.

6) No major complications occurred during any procedure.
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1.5. R84 &4 Z4

=

HI

7t Hlw A
7 e BAE dH22 IGSN A3 AL Fads vus 2d& 5 44
o] ATHNRS 4H).

CIEER Bt
® AYE
& He 199 Aol BIseT

#&° IGSN AHE & AFE] i3t 2
Guo (20152 AEgt 44 EFotd YA A +&°l computer-aided
navigation 71< A& F(IGSN A&, 119)F TAHQ] &S $P F(IGSN
HAHEE, 31%)& HlEotATh 39 ATES IGSN AT IGSN AREZolA 242t
27.3% (3/11) % 48.4% (15/31)&, F < 7ol FAT Fol7h AUTHp=0.930).

1\

1 KKt 21 ZXA|H IGSN At IGSN OjAI8= OR -

(AE) H UE) Event N Event N P2
0400

(62%‘; 5 mortality | 36 3 11 5 | 3 ) 0.936

IGSN: image—guided surgical navigation, OR: odds ratio
a) Review Manager 5.3 AX7|E 0|8510] MES

]
Guo 5(2015)2 XH J oy EFott TG W & computer-aided
navigation 7|H& AR Z(IGSN AMHEE, 11%)3 24 A £&Z £ F(IGSN
mAHEE, 31%)2 Hl 6}%} T ¢4 EA= IGSN AEZH IGSN UlAREZoA
27 36.4% (4/11) 2 77.4% (24/31)3 IGSN AH&Zol A 25t 2 AtH(p=0.024).
Caversaccio %(2003)% AAY 24 9olk HHFE computer-aided surgery®
A@et +(IGSN A+, 9%)3 computer-aided surgery $1°] =3 F(IGSN ©JA
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L4 99)2 vt $£& T Yo 3Hfavourable) 9B AIT}E= IGSN AMEET}
IGSN " ARl A Z+2F 88.9% (8/9) & 66.7% (6/9)&2 H 3ttt

EO. [H +2] +2 435I A7)

1 KXt A1 ZHAH | IGSN A2F IGSN OjAI8= OR -
(@) s (Ohg) [ Event | N | Event | N bt
|} T
Tumor
01667
86(; 5) resection, éO%OE 4 1" 24 31 9 0.024
completely 1339
Caversaccio | favourable ~ = 4.0000 02768
(2003) outcome TER 8 J 6 9 3 3

IGSN: image-guided surgical navigation, OR: odds ratio
a) Review Manager 5.3 A7|5 0|50 MEst

@ x|=el YT

A €0 IGSN AHE: Al A& A F 28 T A EIstqit

Caversaccio 5(2009)2 FAHEY ZHAHE FoEE computer-aided surgery
2 A=7% F(IGSN AE+, 5%)% computer-aided surgery §lo] &3t #(IGSN T]
AHEE, 18)2 BlILstT. Navigations FHAHE =obg, GHAA, 49, HE,
Wol9 localisation®] W3t positionT alignmentE A& st=d AHEEQTH o=
navigated pointer®} drillZ AH&FO] wetk HA Holth BE AedA, #& 7EH
(surgical landmark)E< computer-aided surgery (CAS)Y AH&C2Z 0.8-1.5 mm
A9 7Y ALE= A AU

Caversaccio 5(2003)2 AdAd &4 9ol® HHFZ computer-aided surgery=
A7@et H(IGSN A&+, 9%)I computer-aided surgery $1°] A=3 F(IGSN HJA
£, 99)S HHdHL BE A&oA, £& 7|[EHELS computer-aided surgery
(CAS)Y AHEL® 0.8-1.5 mm H99 #2 BE=R HA LAAU.

D rir
=)

Ho

B 10, [# #&] XY Y=(HL 97)

o
Ao Ay IGSN A2 IGSN DjAIE=
A (S = To 7t
THA} (HE) (HH9]: mm) Mean | SD | N | Mean | SD | N WP i
éaovgg;?cmo target accuracy 08~15 | - 6 - - - - -
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74—1

M IGSN AtEZ IGSN DJAIE
AR (@%) (Hl: mm) Mean [ SD | N | Mean [ SD [ N MD P
IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation
1) Navigation was used to plan the position and alignment of the localisation of the cholesterol

granuloma, the facial nerve, the carotid artery, the labyrinth and the inner ear. This was done with

ease using the navigated pointer and drill. In all procedures, the surgical landmarks were easily

identified using computer-aided surgery (CAS) with a target accuracy range of 0.8-1.5 mm

) In all procedures, the surgical landmarks were easily identified using computer-aided surgefy (CAS)
with a targer accuracy range of 0.8 to 1.5 mm.

=

® Wr=8
A w&ol IGSN AH & AleeEd ditt 23%e § 289 24 Hiuskid.
Caversaccio 5(2009)2 FAHEFY SFHAHE SotE3

= computer-aided surgery
2 A&58% F(IGSN AH&+, 5%)7 computer-aided surgery §1°] &3 F+(IGSN v
A, 1%)= Hlaetglt

%019 Ag&L IGSN HAEZIAE 99T, IGSN A8
o AE 20.0% (1/5)2 EistAtt.

Caversaccio 5(2003)2 Ad4 ZA4 folx HHFS computer-aided surgery®

A@et H(IGSN A&+, 9%)T computer-aided surgery $°] A=ES F(IGSN H|AF
£, 9%)Z vt AeEL IGSN HAMEZIAE A, IGSN AHEZolA+=
11.1% (1/9)2 R334},

E 1. [# 2] j+2EH L A7)

XX A1t ZMAH IGSN At8 IGSN OjAtEZ OR o
(@) $ay | (18 | Event | N Event | N S

Caversaccio ;r;;jdle _ . 5 0 ' 1.0000 1.0000

(2009) . a) a)

revision

Caversaccio | revision o 33629 04766

(2003) surgery =T 1 J 0 9 3 £l

IGSN: image-guided surgical navigation, OR: odds ratio

a) Review Manager 5.3 AM7|E 0|25t A&

® HHE
A el IGSN A § AZES did 23e § 289 £doM Eustgln

Guo 5(2015)& ALg o4 2%siet ZFo] I &

%9 computer-aided
navigation 7|'1& AME Z(IGSN AFEE, 119)3 1A A 4

&2 7% Z(GSN
HAREE, 319)E HlEskdTh ALES IGSN AHEEH IGSN AN 47
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63.6% (7/11) 2 41.9% (13/3D&, F & 2o §9g Zol7h A th(p=0.216).
Caversaccio 5(2009)2 FAAH SFYAHE %ot5S computer-aided surgery

2 A58 F(IGSN AHEE, 5%)F computer-aided surgery 1ol &3 (IGSN H|

AHEE, 19)2 HlZsHgt SHAHE Sohg9 ATE IGSN mAMEZoA= /UL,

IGSN AF&Zol A= 20.0% (1/5)2 H15ch

B 12 [# +2] HEEEL a7

1K At ZMA|H IGSN At8Z | IGSN OJAREE OR 7
() HH (1) Event N Event | N Pt
Guo recurrence [: H 10.00, 24231
(2015) rate CEFnw | I B3 ) | 0216
Caversaccio recurrence of 1.0000 1.0000
(2009)1) cholesterol - 1 5 0 1 9 9
granuloma

IGSN: image-guided surgical navigation, OR: odds ratio
*13 patients (15 procedures) // No recurrence.
1) In one case, a recurrence with closure of the cyst wall occurred despite a drainage system into

the Eustachian tube. ) -
a) Review Manager 5.3 A7|E 0|8510] MES

® += A& HEE

A w0l IGSN AHg2z Q% ¢ AY HAFLS Hid £
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A XE

HT

(m

AN AH

rt

O AT

Guo (2015} XH‘?‘:'].-;]— otd &5t FYol U &0 computer-aided
navigation 7|§& Apgst T’:L(IGSN /\}% 119)% 1449 &5 £33 Tr—_L(IGSN
oA, 31%)% Hlaskglth I

T 283.64% 2 252.10828, Pr e 7&011 FAZ A7k AATHp=0.393).

Caversaccio 5(2009)2 FAAH FYAHE Sot5S computer-aided surgery
2 A58 Z(IGSN AH&E, 5%)F computer-aided surgery §1°] &3 (IGSN H|
AeE, 19)2 vTstgt. $EA3S IGSN AHEZ3 IGSN HlAMEZolA 22 H4
1508 ¢ 420 o= E_J_E]-‘}iq-

% FAAY &2 nav1gated controlled drill2 —’Fﬁg,} T
TAHQ f¥5AAE(mastoidectomy)Z +H3H (IGSN oA 18%):% H] 1
stk Aol A8FH= A7 IGSN AREFI IGSN wAREolA 747t it
94.26+0.31% ¥ 92.47+£0.38822, F #7Ho] gt o]z} At
Caversaccio 5(2003)2 A& Z4 folx HHFES computer-aided surgery®

A 7@et H(IGSN A&, 9”‘)4 computer-aided surgery f°] A &g F(IGSN H|A

:44

£, 99)S YIS FEANEHA AAALGEH w9 B3R A7
IGSN A&7 IGSN UIAP%%OM 7tz B 1608 9 185807, T Z7to §9gt

Aoz} it

B 13 [# #2] #2AZHIZ A7)

A H-H IGSN Alg+ IGSN OjAIR 2
MAF (A = T S (=) It
PY () (29 2) Mean | SD | N | Mean | SD | N D L
?2%(; 5) operation time 283.64 - " 252.10 - 31 3154 | 0.393
(CZaOvOeS;)s accio operation time 150 - 5 420 - 1 270 -
Hofer . ) )
(2008) duration of intervention | 94.26 | 0.31 4 9247 | 038 | 18 1.79 NS
éaov(;eé;?cmo operative time 160 - 9 185 - 9 -5 NS

IGSN: image—guided surgical navigation, MD: mean difference, NS: not statistically significant; SD:
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AT A IGSN_Atg IGSN OA8 7
XA (¥ 1o E S 7
137 () (H9: 8) Mean \ SD \ N Mean \ SD \ N MD P

standard deviation
1) The operative time was defined as the duration of time from the start of the first incision to the

time when the last stitch was made.

@ & & 8%

A #&0] IGSN A& Al % F 28T et 23= 199 23A Eusiyidh

Guo (20152 ALt 44 ZFotet FTYo] W <ol computer-aided
Feg £Y% L(IGSN

GSN B AR&-Z-of| A

navigation 7|H& AHESH F(IGSN Ar&
ogt Zol7h Y AtH(p=0.814).

D)
wn
Z,
-
oo
el
J:;l

AR, 319)E HESAH. e F

247y B4t 536.36 mL 2 503.87 mLZ, & &

B 14. [H 28] 22 5 EHL 3P
ATt AT IGSN Atg+ IGSN DjA8
MR (S S ETS °© . ot
XA (AE) (©9): mL) Mean | SD | N | Mean | SD | N | MO | PH
Guo intraoperative bleeding | 536.36 - 11 | 503.87 - 31 32.49 0.814

(2015)"
IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation

7|2t

® Y4
A $&0] IGSN AHE & A¥7|7Ho] o

=]
A
T
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® A4y 34 sH

A €0 IGSN AHE Al A8A S 342 F 289 THA Eisksit

Caversaccio §(2009) &4 =
2 A58 2(IGSN AH&E, 5%)F computer-aided surgery 10 &3 +(IGSN H|
AR, 18)Z Hlasiid. e Fol &3 EHA 23, F99A(1 kHz)= IGSN A
23 nAEZNA 44 B 25 dBY 15 dBoIYH. & § U2 F oA EF
HHAyStA] kot

Caversaccio 5(2003)2 Ad4 Z4 folx HHFES computer-aided surgery®
A7@et H(IGSN A&+, 9%)I computer-aided surgery $1°] =3 F(IGSN ©JA
&, 9%)= HlISAT. $& T 7€ A, HE S Fo FYALS Y
A(B: IGSN AHEE = 31.9 dB, IGSN 1AEE = 30.8 dB) 2= SN +& &
T71HMA LA ol 7F 30 dB olsteitt. 4 2, e T FHMAY FI|HA LA ol T
e & Jd 2ol {93 Zol7t gls A2E Ueyth

computer-aided surgery
ol

0

o]

B 15. [H 2] A2Y 34 MU A7)

EXNE ZXAH IGSN AE# IGSN OjAIEZ
MR (o =0 SoMT [S) [S) St
PR @) | 9xm | oh2) [Mean | D | N | Mean | S0 | N | MP | PH
pu&e tone
Caversaccio | audiogram. _
) hearing | & 2 25 - 5 15 - 1 10 -
(2009)' threshold v
(1 k2 @B
hearing
gan (B | Ax s
0.5, 1, T67§H93 31.9 - 9 | 308 - 9 1.1 NS
2, 4 kHz) =
Caversaccio (dB)
(2003)? residual
air—b]%ne_ s 5
8a5p (10-%. e 18.8 - 9 19.9 - 9 -1.1 NS
4 kHz)(dB)

IGSN: image-guided surgical navigation, MD: mean difference, NS: not statistically significant, SD:

standard deviation

1) There was no major complications such as facial palsy and no case of post-operative deafness.

2) All patients had a significant post-operative hearing gain (mean: CAS = 31.9 dB; non-CAS = 30.8
dB) with a post-operative air-bone gap of less than 30 dB in all cases. Statistical analysis revealed
no significant difference between the two groups with regard to post-operative hearing gain and
air-bone gap.
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O +& ZU/88 AM/HT 250 DXlE S
A w0 IGSN AFE Al e #d AR gt 2ds F 289 A Eis
At

Hofer 5(2008)2 *AZ(petrosal bone)d 5 HA4 = W4 dZoz 23t ¢
FAAY &< navigated controlled drill2 3% Z(IGSN AHEE, $A 44)
AR fY5EAE(mastoidectomy)® £ F(IGSN PIAHEE, 18%)< Hl
sttt e 3o, FedAEA AAHA FH(cognitive strainye B7tote A
Aot s QAo AEA A, &A= Navigated Controlg Aot <l
0] 9 (cognitive relief)o] H ATty H 5}t
Caversaccio 5(2003)2 AAdA A Qolx HHSFES computer-aided surgery
(CA9E Aad F(IGSN AHEE, 9%8)T CAS §lol A&st F(IGSN HAHE, 9%)&
H okt HHS E(repair)ol Ul CASY AAF} SHAH B3t As)E 7| S0}
71 flotel eAtolAl AEAE FAG. FEAoRAY 40| CAS 4T A4EA
7t i =& 5 Q7 Y&, £eie AlE & o de(security)E ZA AE

o=

i) _ll)l'

_1>4 mlru

J2E g WA

B 16. [H 2] +& 2L/4E UA/YR oo Djxl= S(Hn A7)
l(-lz%fggr)” cos%rrwaiﬁinve- 2 2 - - - - - - - -
Elzaov(;eg)sze)accio quesioreie | 42 & B _ _ _ _ _ _ _

IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation

1) Postoperatively, surgeons were asked to complete a questionnaire evaluating their cognitive strain.
In the questionnaire, the surgeon reported cognitive relief using Navigated Control.

2) Questionnaires were given to the surgeon to document his personal view regarding the advantages
and limitations of computer-aided surgery (CAS) in atresia repair. As findings in the operative field
can be very well correlated with CAS images, the surgeon had more security and less stress
during the procedure.
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A #¢ B4 D4OR IGN A8l g2 §a4 2%g 2% 2L 3 168
Ackzd 47 16%)

@ 4% 4ZE
A %0 1GSN AHE Al 4% 4380 g% 23 3 88 BN RIS,

Ogiwara 5(2018) A& (petrous bone)d drillings 83t= F/HA % A
(IGSN Ar&+, 29%)E tiA2 2 AAZE navigation-guided 7|HE o]&sto &g
otdth. FAZ(petrous bone)fAl YF FXE digt AAIZE FQl(identification)©]

FPEAL, FAZY AHstn é 43t drillingo] @45 .

Balachandran 5(2014)2 A&4Q &4ol4LeS ‘?:H“: of IAHIGSN AHE, 13
B)E deR Ha A4, 1mage-gu1ded oA E FHSIAT. e EANA 9
$E29 P AF(trajectory)e AAste Aol 7hsotitt. BE TAO|A QHHAA TG
T AZ(chorda tympani) ZFE T3t} oFHQ E(facial recess) E3 = Lo A
GE7HA 9 Y BEE AYste Aol 7ttt

Cho 50142 Agst JL27/H¥&E(cochleostomy)S  guidingdt?] 95}t
navigationg AHESIY &S SHATHIGSN AFE, 29). B4 2% Ad AAHE
0]-¢3}o] image guidance oo 9$o]A5r& S AFHOR ot

Labadie 5(2014)2 #4 &4, image-guided &9-0]44ES SFHTHIGSN AR
=, 9%9). AFH o o]AH &A= 88.9% (8/9)°1UH. T4 1ol M= F2 tunnel
53] AZuj<L(electrode array) threading A7)+ o83 W&o AEHQA FFsH
A& (mastoidectomy)o] FHEHAT. HHEH OE oHFEo= tunnelx F
threading 9 A=Z0o] dislodge ¥, tip fold-over, drilling <t Ho| o]x4
ol oAl E4Autd|(12749o House-Brackmann I/VI)Q! A9 dH](back-up)

l‘

O

tlo o

2 pot
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ol A A9 AtEo] EAHU.

Bernardeschi §(2013)2 XX %7](bone anchoring device)& A&t 9= F74
A &g Q5= TA(IGSN AHEE, 40%)S diAe& HA7] computer-assisted
navigations AREStel & ofglth. #o 14E WEH (emitter)d FS7HE HAA
T 2] computer-assisted surgeryS F9a 4= 19l

Kohan 5(2012)2 A9 complicated surgerys 235t= TFA(IGSN AMe, 139)
154

ol

£ Y42 Z image-guided surgical navigationZ ARt £&(K& 154)%

o navigationZ A& & 86.7% (13/15)14 4F &I, 27004 HF2 oA 43k
o AsAolA ¥ 24 F 1742 FA PN & FUO reference arc® skull
post7t 4 dislodge® AT UM 142 &7t ojv] 4#H Fof =& A CT
A27 LandmarX workstation® 2 A&o0] ¥z 42 At 9t}

Nemec 5(2007)2 HAlF(cranial nerve) Zoft A#H Ztzh o2 A 9 oA
258 2% IAIGSN AHEE, 15%)2 UACSE computer assisted navigated
neurosurgerys ofAt. (i) EE AA 7]&Z9 ojge LA ¢lo] navigation
system® AREo] 7HsRLh (i) BE AN FF &H AAI} 7Hsot gt

Gunkel 5(1999)% FAIZ(petrous bone)? +&2 3= FAHIGIN A, 54
1174) A computer-aided surgery (computer-assisted frameless stereotactic
navigation)& YT HLE FAA BEARR & F A FH T50 24
o], AZ T3t navigationg 7HsotA oHETh.

1R} 21t ZFNE |_IGSN M8Z | IGSN OAEZ oR .
(@) it Ohg) [ Event | N [Event[ N i
adequate
; and precise
8%'&8)5? drilling of - 29 29 - - - -
the petrous
bone
possible to
Balachandran determine a
(2012)° safe - 13 13 - - - -
trajectory to
the cochlear
successfully
underwent
g}ﬁ 4)3) cochlear - 2 2 - - - -
implantation
surgery
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FEY HAZIHY oMY U RN WL (A ¥ 5 28)
TXIZ Al BRSNS IGSN A8 IGSN DjA8 OR -
(¢1%) Bad (h2) [ Event | N [Event| N P!
Labadie successfully _ 8 9 ~ ~ ~ ~
(2014)" implanted
Computer-
.| assisted
(Bze(;;]g;gescm surgery was | & = 40 40 - - - -
never
abandoned
Navigation
éoohf;)@ was - 13 5 | - - - -
successful
without the
ocourrence of _ 5 15 ~ ~ ~ ~
Nemec technical
(2007)” difficulties
complete
tumor - 15 15 - - - -
resection
satisfactory
Gunkel intraoperative AA = ~ ~
(1999)? patient image | & © I I - h
registration
IGSN: image-guided surgical navigation, OR: odds ratio
) Real-time identification of some structures in the perious bone was performed, and adequate and
precise drilling of the petrous bone was achieved.
2) For all the thirteen patients, it was possible to determine a safe trajectory to the cochlear.; For all
thirteen patients, it was possible to plan a linear path from the lateral skull to the cochlea via the

facial recess that avoided both the facial nerve and the chorda tympani
3) Two patients successfully underwent cochlear implantation surgery under image-guidance with the

proposed i_nterfac_e

) Eight of nine patients were successfully implanted using the proposed approach with six insertions
ompletely within scala tympani. Traditional mastoidectomy was performed on one patient following
) Computer-assisted surgery was never abandoned due to increased stability of the bone-anchored

difficulty threading the electrode array via the narrow tunnel. Other difficulties encountered

included use of the back-up implant when an electrode was dislodged during threading via the
tunnel, tip fold-over, and facial nerve paresis (House-Brackmann II/Vll at 12 months) secondary to

emitter.

6) *13 patients (15 procedures) // Navigation was unsuccessful in two of the 15 procedures where

heat during drilling. !

navigation was attempted. In one patient the reference arc and skull post were dislodged early
during surgery by ancillary staff. In the other instance there was failure of transference of the

preoperative CT data into the LandmarX workstation after the patient was already intubated
) The navigation system was usable in all cases without the occurrence of technical difficulties
8) In all cases a satisfactory intraoperative patient image registration was achieved, making reliable
navigation possible
g A Hil&l% AYEE § 1389 EHoJ Rusdd.
W SA(GSN ARE, 159)E dACE surgical
T}, navigation AlAH9 A& A= T

@ [¢])
7 & IGSN
2 A

Wei 5(2017)
navigation 7|&& ©|&5% —}F—
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A FEdA w2 AoE YERT AL

Balachandran 5(2014)2 AEZ< =
HE WdoR i HEH, image-guided 990l4E £t FAAL Hl‘?
7M1 SRS A, dHAAS TAECR HAH fidt HdAZY B¢ ¥ 2EH
A= 27 1.140.3 mm¥} 1.240.5 mmo| At}

Bernardeschi 5(2013)2 ZL=E2%7](bone anchoring device)& ARE3t Q& F74
A #eg Q5= FRHIGSN ArE, 40“4)— Ao 2 AA7] computer-assisted
navigationg AMESt &S ofth 2 AYH dAFd = Hews WAHscrew)?t
bone anchoring device & t&Z 34 D1g1po1nteur ANAHOZ Q& LA Ala
2 T 4089 A7 2EEHY. e T Y FAEeE uHdt A WA Hde
(n=9)°lAl, PIZ2FF A2 ¢, 574 WEESF(intratemporal) 7]E3 =gt
UAL 52 Az YA HFL(position accuracy, PA)Z} &FEHUAL. & HA A
(n=31)°A, ZE & FAA A&l ZFEHJUL, AL Bk kP4 b ozt
oz J2W9 7I&dd diste] +&A7t PAS AR Hrlstgt. A WiAg Jd
olA, PAE YA 55 AFo] 247 7.0840.59 mme 0.77+0.17 mm (meant SEM,
p € 0.0001) oIt & WA FeoA, £E4A7F BHA] PAx ZE FH A FZs)
g1 o AFL ALK drifte BEEHA 4

Kohan 5(2012)2 #Y complicated surgerye 2°t= ZA(IGSN A+, 13%)
£ 9422 image-guided surgical navigationg ARSI F&(Kl& 157)F oFA
o B¢ Ag: e AFE(ragus)A 9EFC2E 1.1 mmolglou, ddF(oval
window)q] #&oA WECE 0.8 mmE ZAs 11719 $&& AT #4 7
34 7128 % 1070914 image-guided surgical navigation (IGSN)Y Ha HST
+ 1 mm oWt

Matsumoto §(2012)2 CHARGE syndrome 59 THAHIGSN A&, 25%)E diA
o2 H|H<$H2 image guidanced EZXE wop 9L9o]AS —’F%ﬂ?&ﬁ(STAMP wE).

£ WH(STAMP method)

A5 &AL

10

image-guided otologic surgery®] W3t M2 HASH 5

< 25719 94904 F 187°1A XL‘-’Lﬂkj}(semceabl) qges

o FHAQ FgL: W L4 84, S5 104, EF 34, UE 47).
Grayeli (2009} & FAA Aleg ¥ TAIGSN AHEE, 33%)2 HdL

Z5Z9 image-guided surgeryE Yot A HA ZEEZA(n=8), EJ (T

=
3
o] (round window))oll B B7F Mol YA H&E(position accuracy, PA)7F 37
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fitl

AL 370 YWEESF 7&- dioto] YA7F A A (corrected). F WA =
EZA(n=25), imaging Ao EletE YAFE°] FZ=(ipsilateral) mastoid 9ol
4

rE o’

oAfh 5719 WREFY 71l diste] YA 55 Ao PAZF SAHIUS. 3

A ZIZEZA, 7249 5F Fo PAE FAHA &%, A PAE 4.9+0.64
mm= F7HHS. F "R ZREIOAM, B 7|EF9 diste] PAE UAF 5F O
Bt PA 0-2.3 mm9 HHE Fastqint

Matsumoto §(2009)2 #H9 image-guided surgery® FTHFHTFIGSN ARE,
A& 674). 8 55 A+ & BH wet gttt A4 FEA fol4 A
AR 7k BAA 23+ 1 mm °[3HH.

Balachandran 5(2008)2 Z=®#%7|(bone-anchored hearing aid) EAHIGSN At
&, 09)E Wz 95 FAAY image-guided surgeryE A ¥IHUEA
Ql fiducial frame (FF) 55& A&t image-guided surgical (IGS) AlAE0] laser
skin-surface scanning (LSSS)& AH&dt AHLET © AHIeAo(p = 0.03,
two-sided Student’s t-test).

Caversaccio 5(2007)2 A® F/HAB42%) 2 95 FHAGLY)Y F&& 3=
SRS B2 E navigations ARSI £&(IGSN AHEE)S StSith A WA A
#(n=59 o= F9ot AX A2 dioto] ST 5 1.1-1.8 mmY &
& BT

Nemec 5(2007)2 *A1F(cranial nerve) Zofet A#H Zt7h o2 A 9 oA
Z25Z 3% FA(IGSN AHEH, 15%)2 HAO=Z computer assisted navigated
neurosurgerys SFAth. navigation A|AHIS] didt £& F HdF ATEE 1.25 mm
(#2409 mm, A 1.4 mm) oIt

Staecker 5(2001)2 & FAA 4 E5F9 $&2 Qo= FAIGSN AL, 11
B)E WAHLE surgical navigationg ARESHY] & SISIHh @A %%%
fiducial 24 (calibration) @&} H|LA] HSEE Go5tA Z7HA7]& fiducial 7|&
Ay} oj 7y 71249 242 C 2 AFA = FAE (malleus)d A5
E718 7IRH2E Agote AZ EYste], S5E WY A¥EE 0.9914 1.5 mmY
HAZ S7HEH.

Claes 5(1999)2 7 &l computer assisted surgery(IGSN AMH&, Z# 107)
= oFith. Ut AAoIA 1 mm olste FEL7t e Slstiit

Gunkel 5(1999)2 FAZ(petrous bone)d| €& A3t FAHIGSN AHE, 57

J 1’ o[N
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1174)9 A computer-aided surgery (computer-assisted frameless stereotactic

navigation)& FYotAt. 32 navigationd IAH 7HAE F& YU FE& FEd:

g3lab e, g7 AArs 9ol Az ant AstEgith oL spsdt (?4
7o) 99| s 7sta L2E EE= (emissary foramina, stapes footplate

T&3

A4 genu, @9ol%, 95 gAY Fdi(ampulla), A5 FrafwHo] o I3H,
B canal?t 22) ¥ 7|EHE AMRoto], £&AE FEF 8 AZLT fi=
1~2 m

18 [H 2] AR FA-(HYZ A7)

ZAItHAH IGSN AtEZ IGSN OJAIEZ
KX (H = T o =) =) It
TAR (%) (&42: mm) Mean | SD | N | Mean | SD | N 8 Pl
Wei technical precision of 10 _ 15 _ _ ~ ~ _
2017)" the system '
clqsest d|stanc§ of the 11 03 | 13 B _ B ~ _
trajectory to facial nerve
Balachandran -
(2014)2) closest distance of the
trajectory to 1.2 05 13 - - - - -
chorda tympani
Bernardeschi .
(2013 position accuracy 077 | 017 | 40 - - - - -
2<200h1a2n)4) accuracy registration eor | 1.7 - 13 - - - - -
serviceable accuracy _ 18 | 5 _ _ ~ ~ _
Matsumoto Wery good, good)

P fiducial registration error |  0.61 - 25 - - - - -
estimated target
registration error
1% protocol,

position accuracy (PA) 49 | 064 | 8 - - - - -

(2012
24 - | 2 - - - - -

(nggge)lé) of the target
nd (ON _ _ _ _ _ —
2" protocol, PA 29) 25
fiducial registration error 06 - 6 - - - - -
Target regstrapoq grror - 219 B 5 _ _ _ _ -
incudostapedial joint
Matsumoto | et registration error — 068 _ 9 _ _ _ _ -
(2009)” round window ]
target registration error — 257 _ 4 _ _ _ _ -
common Crus
target registration error — 208 _ 4 _ _ _ _ -

subarcuate artery

accuracy for image-
guided surgical (IGS) 154 | 063 | 6 - - - - -
system(1): non-

Balachandran
(2008)®
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At IGSN AtE# IGSN OJAIE WD
(Z2: mm) Mean | SD | N | Mean | SD N P

\J

TR (A)

&

invasive fiducial frame
attached to patient via
dental bite-block (DBB)
for registration

; infrared tracking (IR)

accuracy for image-
guided surgical (IGS)
system(1): non-
invasive fiducial frame
attached to patient via
dental bite-block (DBB)
for registration

; optical tracking

1.61 049 | 6 - - - - -

accuracy for image-
guided surgical (IGS)
system(2): laser
skin-surface scanning
(LSSS) registration

; infrared tracking (IR)

3.21 102 | 6 - - - - -

Caversaccio | accuracy for

(2007)” position detection 1181 - 0 B B ) - h

Nemec

(20 07)10) intraoperative accuracy 1.25 - 15 - - - - -

Staecker accuracy within

001)"" the temporal bone 0915 | - I - - - - h

Claes

(1999)"? accuracy 1 - 10 - - - - -

Gunkel intraoperative application

(1999)" accuracy 2 05| M - - - _ _

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation

1) The application accuracy of the navigation system was found to be high in the skull base surgery.
The technical precision of the system was about 1.0 mm.

2) For patients with normal anatomy, the mean and standard deviation of the closest distance of the
trajectory to facial nerve and chorda tympani were 1.1£0.3 mm and 1.2+0.5 mm, respectively.

3) Forty patients undergoing a lateral skull base procedure with the Digipointeur” system performed

with both the titanium screw and bone anchoring device were included in this prospective study.

They were divided in two groups. In the first one (n=9), the position accuracy (PA) was measured

before and after screw registration for five intratemporal landmarks, during a translabyrinthine

approach. In the second group (n=31), all lateral skull base procedures were included and the PA
was evaluated visually by the surgeon on different landmarks of the approaches as well as the

stability of the system. In the first group, the PA was 7.08+0.59 mm and 0.77+0.17 mm

(mean+SEM, p ( 0.0001) before and after screw registration, respectively. In the second group, the

PA was considered as accurate by the surgeon in all cases and no drift of the system was

observed.

*13 patients (15 procedures) // The mean accuracy error was 1.1 mm laterally at the tragus but decreased to 0.8

mm medially at the level of the oval window. The mean accuracy of image—guided surgical navigation (IGSN) was

within 1 mm in 10 of the 11 target surgical anatomical landmarks.

5) A new noninvasive registration method for image—guided otologic surgery (STAMP method) offered serviceable
accuracy in 18/25 cochlear implantations. (Surgeon’s subjective accuracy: Very good 8, Good 10, Fair 3, Poor 4) —
When the drill tip is at the intended spot of cochleostomy (target), it was classified as “very good.” When the drill
tip is adjacent to the target (subjective error, { ~ 1mm), it was judged “‘good.” When the drill tip is close to the
cochlea (subjective error, 1-3mm), it was “fair.” When the drill tip is not pointing close to the cochlear (subjective

=
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A

MD pHs

AN A IGSN M8 IGSN DA
TXA (HE

A (25) ("—fol mm) Mean [ SD | N | Mean [ SD [ N
6) In the first protocol (n=8) bosition accuracy (PA) was evaluated and the position corrected for three intratemporal
landmarks before evaluation of the target (round window). In a second protocol (n=25), a titanium screw was placed

error, )3 mm), it was “poor.”
in the ipsilateral mastoid region before imaging. PA was measured before and after screw registration for five
intratemporal landmarks. In the first protocol, PA did not improve after the registration of the landmarks, and PA of

the target was evaluated as 4.9+0.64 mm. In the second protocol, PA was reduced after screw registration for all

landmarks with a mean PA rahging from 0 to 2.3 mm
) The target registration errors varied among the surgical targets. Errors were less than 1 mm near the cochlear
8) An image-guided surgical (IGS) system uéing non-invasive fiducial frame (FF) registration is more accurate than one

implant insertion target in actual surgeries
using laser skin-surface scanning (LSSS) (p = 0.03, two-sided Student’s t-test)
9) The results of the first clinical cases (n=5) are promising and have shown an accuracy of 1.1-1.8 mm for position
detection, matched with the augmented reality.
10) The mean intraoperative accuracy of the navigation system was 1.25 mm. // The intraoperative accuracy of the
navigational unit achieved a mean value of 1.25 mm (minimum value 0.9 mm, maximum value 1.4 mm).
11) Registration of the patient can include a combination of fiducial and anatomic landmarks that significantly increase
accuracy compared to fiducial calibration alone. We introduced the use of the lateral process of the malleus as a

landmark, thereby increasing accuracy within the temporal bone to a range of 0.9 to 1.5 mm. // The use of the
lateral process of the malleus as a landmark increased our accuracy to the submillimeter range with the temporal

bone and to 0.9 to 1.5 mm within a 10-cm operating sphere
) We have found that in clinical routine, an accuracy of 1 mm and smaller is possible
13) The clinical value of three-dimensional navigation was clearly demonstrated with an application accuracy, constant
throughout surgery, mostly limited only by the resolution of the computed tomography. // Using available exterior
anatomical structures (such as the tragus) or bony landmarks (such as the emissary foramina, stapes footplate,
i i 1

facial nerve genu, round window, ampulla of lateral semicircular canal, ampulla of superior semicircular canal, or
canal of the carotid artery), the surgeon determined the intraoperative application accuracy to be approximately

to 2 mm = 0.5 mm.
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Kohan 5(2012)
gArC 2 image-guided surgical navigationg Ah&5}od
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2EY BOUINO UMK ¥ 984 W (7 2 2 42)
TR 2t ZHAH IGSN At2 IGSN OJALZ = OR ot
(Gl Ha o1g) Event | N Event N #

IGSN: image-guided surgical navigation, OR: odds ratio
*13 patients (15 procedures) // No recurrence.
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A2t
29| IGSN AHE Al Azt digt d3te & 7HY TA Hiusid

Labadie 5(2014)2 4 #<%3, image-guided 99-0]444S SFATHIGSN ARE

=, 9%). FANTEANEE LAY A7) Bt 182+36%0IH HI16Hg]
‘:} FEATE 141~24880] 285X, H4 JEH HIHo] SEHL AU 4
o] £PEAE H 24880 QLEHhL Bt

Bernardeschi 5(2013)2 ZL=E2%7](bone anchoring device)& ARE3t Q& F74
A #&F 8sts SAHIGSN AHEE, 40%)E d2E A7) navigations *}%3}04
£48 1Yt ELEA7|E AFLS navigation system? AX o AQFH A7 I

15&0]qth . H 5.

Kohan 5(2012)2 #Y complicated surgerye 2°t= ZA(IGSN A+, 13%)
£ A O =E image-guided surgical navigationg AMEstd $£&(A& 154)2 o3
. navigation system®] AA|et AA] BAT F7HAQd SR B 36.780I%
Agt, wpAEr 8749 FH A= 27.6808 ZHASHYHT I HiskH

Matsumoto 5(2012)2 CHARGE syndrome 59 ZAHIGSN A&+, 25%)E diA
o7 HA%2 image guidanced EZE wrop 9190|4& 4o TH(STAMP ).
FEAEE Hat 1832091, image guidanced] AFE2E 40| p&0] AJTEO] £
OotA AFEHA = R Hst

Caversaccio 5(2007)2 A% F7HAB427%) & 95 FAA(64%)d +&& 85h=
SAE fBA2E navigationd AHESEY] $&(IGSN AHEE)E SHiTh FeARte da
St (B 4 AEHd FEHo] 7Fsotgtt) Computer-aided surgerys AHEst
FEAE #&9 F3(type)t 71¥(technique)ol 2H¢-HJAAT, FHH 22 10~25%
ot K iskgiTt

Staecker 5(2001)2 9% FHA 4 F529 &2 85 FAUGSN A&, 11
ME AR surgical navigationg AMESHY £4£2 A AAEL LEATS
R ie A N i
Claes 5(1999)2 7 4+&°] computer assisted surgery(IGSN A&+, 58 104)
'5}55\1:} ANg F Az B4 10~20801912H, B d&siAH dig Algto] o @5

3
%+ 9% Folgka uusg

ue o
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B 20. [H 2] #&M

A H4H IGSN A8 IGSN DjA8
3R (@) (B9 2) Mean | SD | N | Mean | SD | N i bl
Labadie time of _intervent@oq _
2014)" (surgery time from incision | 182 36 9 - - - - -
to closure)
installation time of the
Bernardeschi | navigation system with 15 _ 20 ~ ~ ~ ~ ~
(2013) the bone anchoring
device
additional operative time:
Kohan Time rgquired for the
(2012)2) installation and renjova[ of | 367 - 13% - - - - -
the LandmarX navigation
system
(’\QSESZU)E?NO time of surgery 183 - 25 - - - - -
Caversaccio | operation time with
(2007)" computer-aided surgery 10251 - | 406 } } ) ) }
Staecker S
(2001)5) operating time - - " - - - - -
Claes overall time for the
(1999)° matching procedure 1020 | =} 10 B B ) ) B

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation

1) The surgery time ranged from 141 to 248 minutes, with 248 minutes required when the minimally
invasive approach was aborted and a traditional approach undertaken.

2) *13 patients (15 procedures) // The overall mean time required for the installation and removal of the LandmarX
navigation system was 36.7 minutes, but decreased to 27.6 minutes for the last eight cases.

3) Time of cochlear implant surgery was not significantly extended by the use of image guidance.

4) The surgical time consumption was reduced (and more minimally invasive approaches were
possible). // The operation time with computer-aided surgery (CAS) depended on the type and
technique of the surgery, but was on average, reduced by 10~25 min.

5) The system decreased operating time.

6) The overall time for the matching procedure, which is now as long as 10 to 20 minutes, will
shorten as we become more acquainted with it.
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Ogiwara 5(2018)2
(IGSN AM&, 29%)
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image-guided 2}$-°]

Balachandran $(2014)&
H)E ez 3

gk

= Aof SAHIGSN A, 13

L
& S5, 4502 A2

ALE 3P A 4% F 282 ol 71Fol AL, image-guided 7L &9
A7t 74 E(cochleostomy) HAE 4 (confirm)ot=d T&0] ALt
9 /%<& (cochleostomy)S  guidingdt’]  H3tod
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o £%S YTHIGSN AHEE, 2%9F). AotE AAEL 5&0x17}
PeduFo] 24& REA HHA F&IATt AT GANE sporo® T &

Nemec 5(2007)2 A3 (cranial nerve) Zofet A#H Ztzh o2 A 4 oA
258 2% IAIGSN AHEE, 15%)2 YA Z computer assisted navigated
neurosurgerys ottt CT-MR fusion A= & A AY Al £&AE AYstil
1 Fe 5T FIAFAT fusion IS & Ao 77 e AR dFHUL
A %ol $£&JAE image guidanceZ ALY $&JA= navigated surgery9)
ER0E & F AR THES ZE SHOA TF EH AE +FY 5 A

Staecker 5(2001)2 95 FHA 2 F5Z9 &2 9ot= FAIGSN AHEE, 11
H)E HACZ surgical navigations /\}33}01 222 59t LandmarX7l AHe®
1179 5% 9 FAA AsdA, $e9AE2 o7 AAdH0l &2 & o1 ol
o} g AJAEIL OWOH LA quﬂﬂ(obliterated) FFE717( mastoid cavity)ol]
&g E9] &3t EHYED(glomus jugulare)d A =&O)A, LandmarX+
SO Aoy ol QtHAIAS gRlstel HESH=T =0 HY AFWEE FF
o "3t SF& FAGA, T ALEE FF Fol AFHE BolA vzE Fst=
g TZgol HIL g AA"ES 2 ARFWT  FEAEZ(ugular  foramen
schwannoma)ollAl &4 ZH&W(petrous carotid artery)y YAE Z+=d Zgo| HA

o

o mlo 2

ol
S~

)

E

B 21 [H 2] v 24/d% U4/YT Roto| OxlE B

E=wSINES IGSN At2+ IGSN DjAl2Z
(H) | Mean | SD | N | Mean | SD | N

THRE (BE) | S MD D

=

Ogiwara
(2018)"
Balachandran
(2014)”

Cho

(2014)°
Nemec
(2007)"
Staecker
(2001)”

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation

1) Surgeons did not need to alternate their gaze between the surgical field and the navigation screen.

2) Two of the four patients for whom manual trajectory planning was performed had inner ear
malformations, and the image-guided technique helped the surgeon confirm cochleostomy location.
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3) The proposed system could lead the surgeon to the correct cochleostomy spot while letting the

4)

Ul
=

surgeon stay focused on the surgical microscope.

The CT-MR fusion images supported the surgeon in preoperative planning and improved surgical
performance. // The fusion images proved to be valuable for surgical planning and supported the
surgeon with image guidance during the intervention. With the help of navigated surgery the
surgeon was able to perform complete tumor resection in all cases judged by intraoperative
inspection.

In the 11 temporal bone and skull base procedures in which the LandmarX was used, the
surgeons found it to be useful. (E=)) The system was particularly useful when operating on
previously obliterated mastoid cavities. In the treatment of a glomus jugulare, LandmarX helped
identify the facial nerve for preservation during the infratemporal fossa approach. In a temporal
bone resection for a neuroendocrine tumor, the system helped identify the labyrinth in a mass of
tumor and reformed bone. The system helped locate the petrous carotid artery in a large jugular

foramen schwannoma. ((E))
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- NRS(Z&H o17): .
navigation— assisted styloidectomy | (21H8) -
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, - styloidectomy: " Eagle’s T2 oE XH: YRE
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1 Eagle’s syndrome elongated . C: traditional HAAAH K& NR
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) styloid process styloidectomy A2t 28 F £E8Y,
- Stomatology Hospital process . o1947|7t
of The Fourth (ESP) 1794 without the dail
Military Medical help of C R B AE: ?ﬂdﬁ
University (1) surgical ZA SH(VAS)"
y navigation
(SN)
- head and neck (Or4)
- 5 AR(HF A7) oncological -
- 20064 0|2 surgery: I: Navigation in (Kay)
Gandloff - OEA tumoral 319 head and & g X3 MYE, ER
2 9 - Centre Alexis oropharyngeal tumor resection (23 NS neck & 43E, IH UE e
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Surgery Service (1) radiofrequency =N L I IPNE - Sl IS
(2%) (Rhee and MacMullin)
- 33 AP ) head and neck stage | - head and neck I intraoperative (@8
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Foundation (1) leak (3), surgical R Ee o
fibro-osseous lesion navigation °ee
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Air Force Medical A0 0|x|= 95 2
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(2001) -+ 1999.1 0|2 head and neck area foreign bodies © surgical - HHEE
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C: comparators, | intervention, M: month, N/A: not applicable, NR: not reported, NRS: non-randomized controlled study, RCT: randomized controlled trial, VAS: visual analog scale, vs.:
versus, Y: year
1) Y FYBHY ZQ R HEF AR HAIF
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2 and neck oncological NR NR 62.1 N/A | 677 | N/A MRI, '
(2011) Grenoble,
surgery PET
France
secondary tumours;
primary T4b carcinoma of T4b cancer
oral cavity and oropharynx | of the oral cavity or
intraoperative control with exTension to the oropharynx with .
of resection margins pterygo!d muscles gnd gncasement pf the CPET/CT | StealthStation
" advanced head pterygo@ plates; primary internal carotid ‘ image TREON plus
Feichtinger | and neck cancer T4a carcinoma of the artery or extension fusion & .
3 (2010) using a maxillary sinus and nasal to skull base; Tdb 58.6 N/A | 66.7 | N/A (FDG atealthMerge
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orbital apex; tumour
in the soft tissue of
the oral diaphragm
or tongue because
if the target lesion
is located within the
soft tissue
topographic changes
due to surgical
manoeuvres will
result in
discrepancies
between the
preoperative image
data and the
surgical site.
- Three-
s amenst | . CBYON Suite
preoperative . version 2.6 to
] evaluation of (The hchahrts;j of 3” patients cgmput 98
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surgery (IGS)
system

- 271 General
Electric
InstaTrak
System
(Lawrenee,
Massachusetts
) 8%,
Sofamor
Danek Stealth
Image Guided
Surgery
System (Rock
Surgical
Associates,
Ellicott City,
Maryland) 4%

(2004) surgical drainage ~8Y)

o

These guidelines require
the foreign body to be
invisible within the soft or
hard tissues and the
SieBegger image guided object needs to be VR
(2001) surgical navigation detectable by X-ray or ~67)
MRI.

Furthermore, even if
palpation of the object
was possible initially, easy

-+ computer
based image
guided

(14 surgery

N/A | 727 | N/A | - CT/MRI system

- VectorVision®”
(BrainLab,
Munich,
Germany)
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removal in these cases
seemed difficult due to
intra—operative changes of
the surgical field. Another
indication for computer
assisted removal was
foreign bodies that were
located close to vital
anatomical structures
(such as nerves or

blood vessels) in order to
minimise the risk of
injuries.

C: comparators, CT: computed tomography, FDG: fluorodeoxyglucose, I intervention, M: month, MRI: magnetic resonance imaging, N/A: not applicable, NR: not reported, NRS:
non-randomized controlled study, PET: positron emission tomography, RCT: randomized controlled trial, vs.: versus, Y: year
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Cable 5(2004)2 A% F9%F7Z(parapharyngeal space) 49 =4 ZIANRE ¢
3 IGSN= AleH Aot 1270)A Ale I FHFol sty Husyic
SieBegger 5(2001)2 T4 W ol&d AA Al & F(intraoperative) navigation
ol&styq Ha AFH HLeg 3T FA 1084 28, 79, F8 43 &4, 7]
< WA ottt 3D Y4 HolHE o] &% & A AYZ
3 4 AS5H FLE0| 7oA Yot 1A A9l Q74 g Ml(conventional surgical
8 FHFTL BAEHA F

(o
I
,I‘

a
P
=5
o
—
[N
=
o
2
o
4
ol
rO‘l
—
oH.
=,
>
H
A
rt
N

1K A SHAE IGSN AEZ IGSN OjARS = OR -
(A) Ha o1g) Event N Event N e
procedure-
Cable
1 related - 0 12 - - - -
(2004) complications
SieBegger major ~ 0 ” ~ ~ _ B
(2001)? complications

IGSN: image-guided surgical navigation, OR: odds ratio

1) (Results) There were no procedure-related comphcatlons and blood loss was minimal.

2) 2 34 119 & 140Me 2A FEY F2a0| 27153, // (Results) In 10 of these 11 cases, the
forelgn bodies could be removed without major complications in a minimally invasive manner. (52)
In one removal (patient no. 8) with a projectile located in the parapharyngeal/prevertebral space, a
minimally invasive approach was not possible and a conventional surgical exploration was necessary
to avoid injury to the adjacent internal jugular vein and carotid artery. (32) Complications such as
haemorrhage, infection, major nerve damage or functional impairment was not observed in any of
our patients.
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Dou 5(2016)2 o]2353 49 ARE Y3t styloidectomy®] surgical navigation<
St #(IGSN Arg+, 129)7 surgical navigation §°0] AEZ9l styloidectomyS
S F(IGSN vlAREE, 129)2 HZ SR IGSN AP Bt & L7t &
o

E 25 [2 42] 9RO HEE(HD 47

IGSN A2+ IGSN DjAIE =
x I AT W
18R (AE) 2uds3 Mean | SD | N | Mean | SD | N | MP | PH
(Dz%u1 6" surgery accuracy - - 12 - - 12 - -

IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation

1) (Summary) The higher accuracy of surgery, lesser amount of bleeding, decreased duration of surgery
and hospitalization, absence of complications, and improved subjective symptoms indicated that
surgical navigation (SN) is an effective and minimally invasive surgical procedure suitable for
resection of elongated styloid process (ESP) for treating Eagle’s syndrome.
(Discussion) According to our study, SN has showed great advantages in enhancing surgery
accuracy, shortening the surgical time, and reducing surgical trauma in the process of styloidectomy.
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Dou 5(2016) 0]%%—3,— ol ARE Y3t styloidectomy©l surgical navigation<
Aret H(IGSN A&, 12%8)7} surgical navigation §lo] AEZ 9 styloidectomys

233 Z(GSN mjA: iL 12%)—% H 5ttt $EA 7S IGSN A3 IGSN mlA
SFoA 2+ B 40355 2 76.6050F, IGSN AFEZOlA L95tA B9kt

(p€0.01).
E 26. [F 2] +2AZEL A7)
Ao Ay IGSN A2 IGSN OjAE
of To A
18R (35) (H9: 8) Mean | SD N | Mean | SD | N MD Pt
(Dz(())ﬂe)” Duration of operation | 40.356 | 11.81 | 12 | 76.60 |2343| 12 | -36.25 | p{0.01

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation
1) (Results) The average amount of bleeding ..., durations of operation and hospitalization ... Comparing
with control cases, all these indexes of surgical navigation (SN) cases were distinctly better.

@ £ & £
= £2° IGSN A& Al e F 8% At 23 189 2d9A Bty
EP.

ou 5(2016)Z o255 AAE YAHOE IGSNE AL 1239 & 5 2

Yo i 22.50mLE IGSN AR 128 FF 45.70mL)ol H3 S9stA 2
TH(p<0.01).

B 27 [= #28] #¢ 5 (L A7)

1% (9IE) émtﬂfﬂ

(&

g

& IGSN A2 IGSN DAl WD
L) Mean | SD | N | Mean | SD | N P

£

(Dz%ﬁ & amount of bleeding 2250 | 854 | 12 | 4570 | 986 | 12 | -232 | p{001

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation
1) (Results.) The average amount of bleeding /..,/ durations of operation and hospitalization /.../

Comparing with control cases, all these indexes of surgical navigation (SN) cases were distinctly
better.
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% #e0] IGSN A & d971zbe] gt At 19 £30)4 Histgi
Dou 5(20160)2 °l25F< &AE AR IGSNE AFT 1299 U
T 2.009)& IGSNE AlgatA] o2 1299 447|178+ 3.929)
HTHp<0.01).

E 28 (2 48] Q7RH0HIT 947
ATt AT IGSN At 2 IGSN DjA8
HA (% =TS s = s
1A% (HE) (He: o Mean | SD N Mean | SD N MD P

(Dz%ﬂs)ﬂ Duration of hospializaton | 2.06 | 071 | 12 | 392 |0.76 | 12 | -7.86 | p(0.01

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation

1) (Results) The average amount of bleeding /..,/ durations of operation and hospitalization /.../
Comparing with control cases, all these indexes of surgical navigation (SN) cases were distinctly
better.
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% 20 IGSN A Al 34 340 dd Zate 189 EHGA Eastqint
Dou 5(2016)2 IGSN= 9 12789 o|25F+ FAE H2= &A7t L7
< BUTE B7Is] fstel & AR VAS (visual analog scale)E 45t
1 23 1089 342 £2 Fo A 3AHUY, 2389 42 FHNA sHEHA
T g%t 1289 % T VAS A4t 1.83+0.642 ¢ A FA 5.22£1.76%

o fFYetA Rdth(p=0.0082). E™ANA IGSNZ FHsHA Fu AFHI
styloidectomyE 3% F(IGSN "AHEE, 12%)9) VAS Afe HUHA okt

] ZHN|A IGSN Ar2Z IGSN OJAEZ
T (O =X =0 [=) [S] 7t
%A (As) | Y= (Hg) | Mean | SD N | Mean | SD | N MD PH!
AL X - - - ar
Do s 28 8 5.22 | 1.76 | 12 12 Egﬁﬂ,
(2016) 5% | 183 |064| 12 - - 12 - 0.0082)

IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation, VAS: visual

analog scale

1) (Methods) A visual analog scale (VAS) in questionnaire form was used to investigate patients’
subjective characteristics and evaluate the level of patients’ discomfort.
(Results) Postoperatively, questionnaire survey showed that ten patients’ symptoms were greatly
improved, while two patients” discomfort was not entirely relieved. The postoperative VAS score
was 1.)83t0.64, which was significantly lower than the preoperative score of 5.22+1.76 (p =
0.0082).
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9] IGSN AHE & AFRE tiet 23 F 289 A Eiskqit
Gangloff 5(2011)2 #4UF TF T4 319

ST A(guided biopsy, 6%) ¥ 1F5 ST (guided radiofrequency, 2%)E Y3t
navigation surgeryE Al@otth. 4o cQI/ME7NMA FHHEZ o A%, F
318 % SB(EAE 39, #=484 29)0] A ATHATE 16.1%).

Feichtinger 5(2010)2 F4EY T4a~T4b W79 3 WS HALRE & F
3D-navigation system= A|Y3t
24" (frozen sections)ol TF &l FHol
AEE Qls) ARSI, UMA 18 sZdHo

3 e F 249 HA AFIIA.

(PSI; 21 =HAA IGSN A2 IGSN OjAr2 OR -
(@) B2l | O#Y) | Event N Event | N pat
Gangloff K~ _ ~ _ _
(201 1)1) Death fu i 5 31
Feichtinger Dead of g _ ~ _ _
(2010)? disease 24 2 6

IGSN: image-guided surgical navigation, OR: odds ratio

1) (Results) Twenty-six patients are alive without recurrency with a survey of 4 months to 6 years
and 1 month. Height patients have presented a local recurrence and are actually retreated and 5
are deceased. // tumor resection (3 patients), guided biopsy (2 patients)

2) (Results) Patient no. 5 died 8 months after surgery due to skull base recurrence. Patient no. 6
died two years after surgery from lung metastases. The other patients are free from disease.
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Gangloff 5(2011)2 74%1F % A4 318S YR AAAFS dA=(23%),
9= (guided biopsy, 6%) % (guided radiofrequency, 2%)E 3t
IGSNE AlgatRer &2 L7 A3HoAtH (e 435E 100%).

Feichtinger 5(2010)2 735 T4a~T4b ®W7]9 A 6HE ACZ IGSNS
AFet A3 6% 2% AFH0dt(EE HFE 100%). 1 5 492 H4 SmmY ¥

1

& =0 =gty g8 #2714 AAE AgstAen, 3YAN M dAlgol 3
HAHeE ATE 75%). YA 192 sZ24Ho] Y A&l FHLE YEY F7}
Al AA7F E7bs skt

SieBegger 5(2001)2 &4 114 W22 3D o|HA] HolHE o|&3 & & A
2 & FAF U o8 AA &2 FFcHoH, olgd AA= 119 BF 454
AHEE ATE 100%). 118 F 10904 & F IGSNS AFH & AP (&
AEE 90.9%), YHA 182 FoAF7 9 A3 9 F7Hparapharyngeal/prevertebral
space)l YA &3 AA Al 4 AEH FLEo] 7FeotA ot JHT WAREW &

o

B 31 [F 28] +2 43EELZ 87)

(PSIN; 241

(A)
Gangloff
(2011)"

A IGSN AEZ IGSN OJAHE
) Event N Event

=M

OR

(ol
©
£y

A
T
AlS

0%t

- 31 31 -

4| 0x 4>
M| OFI > | -z

=
0

el
Feichtinger
(2010)?

additional
resection - 3 4 - -

_ e =c 10 11
SleBeg)ger rc(;moval of
3

(2001) the foreign - 1 1 - -

body &5

IGSN: image-guided surgical navigation, OR: odds ratio

1) (Discussion) Navigation surgery procedures were successful for all of the 31 patients.

2) (Summary) In one patient additional resection was not possible due to skull base invasion.
(Results) Patient no. 5 had an expected “not adequate” resection on PET/CT (=4 mm).
Unexpectedly the frozen section collected from the periosteum at the entry of the internal carotid
artery in the skull base was positive for tumour infiltration and additional resection was not
possible. The pathologist confirmed that the tumour involved the skull base resection margin. The
patient (no. 5) was referred for radiotherapy.

3) (Methods) In all 11 cases, removal of the foreign body was successful and complete.

(Results) In one removal (patient no. 8) with a projectile located in the parapharyngeal/prevertebral
space, a minimally invasive approach was not possible and a conventional surgical exploration was
necessary to avoid injury to the adjacent internal jugular vein and carotid artery.
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Leong 5(2005)& WAsHo| L4 FAA B &2 228% 4= Ad B7F &
2 & A AYEL Y3 3DCTA (three-dimensional computed tomographic
angiography)s Fdotdtt. 1 % 18WY 3DCTA OJWAZF £& F surgical
navigationd] AHEEILH, & F¥rE 2mm 2 IHGY © 0T

SieBegger 5(2001)2 &4 119 422 3D o|u|A] o] E o] &3 & A AY
2 B9 FAE U ol2d AA #es FPdeH, e Ag9Es EF Ilmm "HolY
t}.

B 32 [5 +3] XY YEE(HEZ AP

IGSN A8 IGSN DOjAHE =
AR (8%) anass Mean | SD N Mean | SD N il bl
estimated surgical
Leong navigation accuracy | 2 MM _ 18 ~ ~ ~ ~ _
(2005)" (or target registration be?;er
accuracy)
SieBegger |accuracy of the
oo’ |sten AL N N A N N _

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation

1) (Results) For those cases in which surgical navigation was used, the estimated surgical navigation
accuracy (or target registration accuracy) was 2 mm or better.

2) (Results) In every case the accuracy of the system measured by the computer did not exceed 1
mm.
(Discussion) The accuracy of the system is limited by the CT scan with a slice acquisition and
reconstruction thickness of 2 mm and a table feed of 2 mm; clinical tests however, found the
accuracy to be less than 1 mm in most cases.

@ M+&EE
= €9 IGSN AHE 3 ASeE0] diet 23+ 199 230 Eusiit.
Feichtinger 5(2010)2 IGSNS 33t F 6
38004 & SmmY FF o] 2E5] A F7HE dAle

& 50.0%).
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(PSIN; A E=wSINS IGSN At IGSN OJAl2# OR ot
(AE) Hr Y (1<) Event N Event N P
Feichtinger | additional
2010)" resection - 3 6 - - - -

IGSN: image—guided surgical navigation, OR: odds ratio

1) (Results) In three of these patients an additional image-guided resection was performed in order
to reach a minimal tumour distance of 5 mm. The specimen showed a margin between tumour
and resection of less than 5 mm. In two of these patients an additional resection allowed for a
final satisfactory margin of 5 mm. Unfortunately both presented positive nodes in the neck
dissection so they were submitted to adjuvant radiotherapy.
In patient no. 6 the specimen of the supplementary resection showed a close margin so he was
also submitted to adjuvant radiation therapy.

®

HI:II'

>ﬂﬂﬂl

x =
& 29 IGSN AHE & AL et 2= F 3HY T A Eiskeit.
Gangloff 5(2011)2 F4UF T% & 31382 e
4), =A% (guided biopsy, 6
A%t navigation surgerys APFotAtt. 4/MEoM cW1MEA FHHES T
%, F 318 5 8BEAE 79, REAA 19)0A ALetAFHAEE 25.8%).
Feichtinger 5(2010)2 FAHY T4a~T4b ®W7|% A HE AR & F
3D-navigation system=< A3 & 207A FHIAE 3t AW, FHAEHO| FF
Aol Foldd 1750 ATstUAFAEE 16.7%).
Cable 5(2004)2 A Hol%7H(parapharyngeal space) WY =4 ZEARE
el IGSNS AR 4o 1278 5 AT A= AL E 0%).

/\

B 34 [3 +2] HEEELEZ A7)

1 K| Kt 1} ESSINE=! IGSN At IGSN OjAI8 OR St
() M0 O4g) Event N Event N P
Gangloff W~ _ _ _ _
(20”)1) Recurrence B 8 31
Feichtinger " _ _ B ~
(2010)? Recurrence 24 1 6
Cabl Recurrent
aple symptoms _ _ _ _ _
(2004)3) or O 12
abscesses

IGSN: image-guided surgical navigation, OR: odds ratio
1) (Results) Twenty-six patients are alive without recurrency with a survey of 4 months to 6 years
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Cable 5(2004)2 AHE HOol%7(parapharyngeal space) e =43H #¢
=23517] 9Ysto] Aof 128 hAC R image-guided surgical dralnage A 35
IGSN AH&0 & %7 (abscess cavity)& #Est=Y A5+ AHS FYsHA TAA
4 AR sttt
SieBegger 5(2001)2 &} 1
Al

r

®
=

>-|>

192 o= 3D ojulA] HolHE o]-&et

= & FAR U ogE AA &2 FAcIYH, FEATE B 29E(range
3~98%) oldtt. HA 11¥ F Burr fragmentE AAT & 3G FEA|7HS Hd

12082 JAA 7)H(* ook and feel'-technique)2.2 & £t 449 L<A7H

(e 3883 HEPE W 44%9] A7 HATF YERT

A IGSN At8 IGSN DjALEZ

MR (A 7t
1A @) (&9 ) Mean | SD | N | Mean [ SD | N | P | P&
amount of time that
Cable would have been _ B 12 _ _ _ _ _
(2004)" spent exploring for an
abscess cavity
SieBegger operation time? 29 ({grjgg) " - - - - -
(2001)? sub%roup) operation 91 B 3 38 _ 4 =17 _

time

IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation

1) (Discussion) We believe that this added level of assurance allowed for a significant decrease in the
amount of time that would have been spent exploring for an abscess cavity that was not ultimately
present.

2) a) (Table 1) 98&: conventional surgical access & 1%, 13~39&: minimal invasive access, no intra or

postoperative complications &At 10%

b) Burr fragmentE HA$t BXE WYLZ subgroup analysis &3
(Discussion: subgroup) In four cases a Lindemann burr broke during the sagittal split osteotomy of
the mandible and the broken fragment remained in the retromandibular or paramandibular soft tissue.
It could either not be found immediately or the incident was not noticed. The burr fragments were
removed in a second stage operation together with the removal of the osteosynthesis material. Due
to the standardized nature of orthognathic osteotomies, these cases can be looked at as comparable
to each other. The average time spent for computer assisted removal of burr fragments (patients no.
1, 6 and 7) amounted to 21 min, whereas for the conventional explorative ‘look and feel'-technique it
was 38 min, a 44% reduction in operation time.
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Cable 5(2004) A¥ HolZ=7k(parapharyngeal space) W9 =4 ZIAEE
A3 IGSNE At Aot 1299 & F 28HF2 4 A0 Hisr.

B 36. [5 +8] +2 5 EYY(HEZ 8P

ATt A0 IGSN At2+ IGSN OjAE8=
RAE (S =2 TOo 2F
1A% (A=) (E9: mL) Mean | SD | N | Mean [ 5D | N | M0 | P
?260%?1)” Blood loss - - 12 - - - - -

IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation
1) (Results) There were no procedure-related complications, and blood loss was minimal.
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B 37. [5 +a] g1t

ATt AT IGSN Atg+ IGSN DjA8#

HA} (o =ToTo = 9 ot
1A (%) (5rel: o)) Mean | SD | N | Mean | SD | N | MO | P&
Gangloff (range _ _ _ _ _
(2011) Length of stay for surgery | 14 3-58) 31

IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation
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Gangloff 5(2011)& F4UF TF &4 3192 AR F4UFY dA&(Q3
), $=A4(guided biopsy, 6©§) ¥ 153 FXx(guided radiofrequency, 2%9)
913 IGSNS AlFat9itt. Rhee and McMullin® =& o]&3to] & 3 49
B7HE A, £3&(good)o] 27%(87.1%)°11L HE(fair)o] 478(12.9%)2% Hi

o
=
AT,

e

of

i

_ ZRAA IGSN AtE# IGSN DJAFE =

AR (P5) | 5= (§%) | Mean | SD | N | Mean | SD | N MD Pe
A X - - - - - - -

Gangloff Rhee and ——= Egd o7

Qo) |MeMullin | %2 % —E—T5— - | - | - | - -

IGSN: image-guided surgical navigation, MD: mean difference, NR: not reported, SD: standard

deviation

1) (Discussion) Quality of life and surgical procedure were much improved compared to classical
surgical procedures which would have been performed if navigation was unavailable.

86



Il E7rEn

O =& Z10 DXz 3
= g IGSN A8 Al e 239 tAe 9o T 2= § 289 29

Cable 5(2004)2 Ao} 82 129 E2F FAstHE #Y A& Al IGSNE E319
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A7

SieBegger 5(2001)2 &2 11%¥ S HACZ 3D o[n|A] Ho|HE o] &3t & A AY
< 59 FAE Y o2 AA &3 —’Fb‘ﬂﬁ}‘:}. FAE Y o524 11]74 Al IGSNE o]&
o A AE5H ALeS Bolo & T Aujd 23t 44 8oy Eisko
B 30. [5 2] £ Z00 0jXlz FSH(HYZ A7)

- ZXAIH IGSN At IGSN DJAHE =
MR (%) | BB=T | e’ Mean | SD | N | Mean | 5D | N | MO | P
Cabl -
2002)" Her) - SR A AN N A N _
SieBegger = = An 5 _ B _ B B B B B
(2001)2) TA—| n:lJ_'— TE T

IGSN: image-guided surgical navigation, MD: mean difference, SD: standard deviation

1) (Results) In all 12 cases, the IGS (image-guided surgery) verified incisions directly into the affected

mass.

2) (Results) The aesthetic outcome was good or excellent. This was attributed to the minimal access.

5
Leong 5(2005)& WAsHo] 4% F/HA BH &4 2242 2= IGSNZ
ol¥ . 3DCTA (three-dimensional computed tomographic angiography)

3
HZ surgical navigation? 7} 7]5°0E& &9 7|&F EZAS SMAA &
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FEY HAZIHY oMY U REN I (A ¥
B 40. [5 2] YRS Oz SF(EHYE A7)
- Z™AH IGSN AtEZ IGSN DJAHE =
TXA (B ZHT e SRS OIS 7t
A=) | 58=F | Gh2) [Mean [ SD [ N | Mean [SD [ N | MO | PH
Leong 8 _ _ B _ B _ B B B
(2005)" TR
IGSN: image—guided surgical navigation, MD: mean difference, SD: standard deviation
1) (Discussion) Because the 3DCTA images are an add-on to standard surgical navigation, their uses
does not increase the technologic complexity of surgical navigation.
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Vi, 25

REY V1ML o8 A F 5§ £49 AT fa4 B4 488 24 34
age s 2o BA 34L To% TR FERD, 4 dolgulolaE Hel A%

2.1. FEE FIES 018¢ 7 +=

2.1.1. =8| H0|E H0]A

O Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions(R) (1946 to January 18, 2019)
(AMY: 2019.1.22.)

T2 No. Searches MEDLINE
1 exp EAR/ or ear.mp. 155,270

2 otol*.mp. 37,101

3 exp Temporal Bone/ or temporal bone$1.mp. 22,382

4 exp Skull Base/ or skull base$1.mp. 19,510

5 cochlear.mp. 37,635

6 exp Facial Nerve/ or facial nerve$1.mp. 20,644

7 infratemporal fossa$1.mp. 1,290

8 jugular fossa$1.mp. 126

9 exp Cerebellopontine Angle/ or cerebello pontine angle$1.mp. 3,412

10 | exp Petrous Bone/ or petrous apex$2.mp. 2,999

11 | aural atresia$1.mp. 376

EER! 12 | auditory.mp. 127,675
13 | exp HEARING LOSS/ or hearing$1.mp. 133,663

) 14 | exp Deafness/ or deaf.mp. 30,764
15 | Neuroma, Acoustic/ or vestibular schwannoma$1.mp. 7,853

16 | cholesterol granuloma$1.mp. 619

17 exp MENINGIOMA/ or meningioma$1.mp. 24,247

18 | exp Arachnoid Cysts/ or arachnoid cyst$1.mp. 3,438

19 | exp Otitis Media/ or chronic otitis medi$2.mp. 24,710

20 | exp CHOLESTEATOMA/ or cholesteatoma$1.mp. 7,358

21 | exp Glomus Tumor/ or glomus tumo$4.mp. 3,056

22 | exp PARAGANGLIOMA/ or paraganglioma$1.mp. 23,570

23 | translabyrinthine.mp. 994

24 | suboccipital.mp. 2,841
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&2 No. Searches MEDLINE
25 | infratemporal.mp. 1,638
26 | transotic.mp. 73
27 | transcochlear.mp. 123
28 | exp TYMPANOPLASTY/ or tympanoplast$4.mp. 5,126
29 | exp MYRINGOPLASTY/ or myringoplast$4.mp. 1,466
30 | exp MASTOIDECTOMY/ or mastoidectom$4.mp. 2,396
31 petrosectomy.mp. 284
32 | exp Ossicular Replacement/ 439
33 | exp Ossicular Prosthesis/ 1,412
34 | ossiculoplast$4.mp. 605
35 | bone anchored hearing aid$.mp. 562
36 | or/1-35 450,158
37 | exp Surgery, Computer-Assisted/ 20,123
38 | navigat$5.mp. 34,173
39 | (image guid$4 surg$s).mp. 1,374
aroE 40 | (image assist*l surg$5).mp. 10
41 | (comput$2 guid$4 surg$s).mp. 85
42 | (comput$2 assist* surg$s).mp. 1,332
43 | (comput$2 aided surg$s).mp. 333
44 | or/37-43 51,357
Z3HH) | 45 | 36 and 44 1,990
o 46 | Animal/ 6,335,518
SEAT 7 Human/ 17,502,810
Xl 48 | 46 not (46 and 47) 4,502,883
SE(F),
OIZH TH4 49 | 45 not 48 1,792
a7
O Ovid-Embase (1974 to 2019 January 18) (ZAMY: 2019.1.22.)
7= No. Searches EMBASE
1 exp EAR/ or ear.mp. 172,597
2 otol*.mp. 40,951
3 exp Temporal Bone/ or temporal bone$1.mp. 17,330
4 exp Skull Base/ or skull base$1.mp. 23,107
5 cochlear.mp. 39,340
6 exp Facial Nerve/ or facial nerve$1.mp. 35,638
BRI 7 exp infratemporal fossa/ or infratemporal fossa$1.mp. 1,766
@ 8 | jugular fossa$1.mp. 158
9 exp pons angle/ or cerebello pontine angle$1.mp. 3,958
10 | exp Petrous Bone/ or petrous apex$2.mp. 3,070
11 aural atresia$1.mp. 418
12 | auditory.mp. 179,203
13 | exp hearing/ or hearing$1.mp. 165,185
14 | exp hearing impairment/ or deaf.mp. 88,927
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7= No. Searches EMBASE
15 | exp acoustic neuroma/ or vestibular schwannoma$1.mp. 4,812
16 | cholesterol granuloma$1.mp. 728
17 | exp meningioma/ or meningioma$1.mp. 31,569
18 | exp arachnoid cyst/ or arachnoid cyst$1.mp. 4,995
19 | exp chronic otitis media/ or chronic otitis medi$2.mp. 6,544
20 | exp cholesteatoma/ or cholesteatoma$1.mp. 8,014
21 | exp glomus tumor/ or glomus tumo$4.mp. 3,448
22 | exp paragangiloma/ or paraganglioma$1.mp. 9,529
23 | translabyrinthine.mp. 1,194
24 | suboccipital.mp. 3,444
25 | infratemporal.mp. 2,152
26 | transotic.mp. 95
27 | transcochlear.mp. 154
28 | exp TYMPANOPLASTY/ or tympanoplast$4.mp. 5,067
29 | exp MYRINGOPLASTY/ or myringoplast$4.mp. 1,419
30 | exp MASTOIDECTOMY/ or mastoidectom$4.mp. 4,973
31 petrosectomy.mp. 464
32 | ossiculoplast$4.mp. 737
13 exp bone anchored hearing aid/ or bone anchored hearing 841
aid$.mp.
34 | or/1-33 515,312
35 | exp computer assisted surgery/ 11,272
36 | navigat$s.mp. 45,428
37 | (image guid$4 surg$5).mp. 2,233
oiatoC 38 | (image assist* surg$5).mp. 9
eem 39 | (comput$2 guid$4d surg$s).mp. 93
40 | (comput$2 assist* surg$s).mp. 9,620
41 | (comput$2 aided surg$5).mp. 517
42 | or/35-41 55,923
Z5HH) 43 | 34 and 42 2,563
207 44 | Animal/ 1,399,005
A2 45 | Human/ 19,123,958
46 | 44 not (44 and 45) 1,025,168
S,
OI1Zk CHA | 47 | 43 not 46 2,501
47

O Cochrane Central Register of Controlled Trials (CENTRAL) (ZAY:
2019.1.22.)

TE # Searches Cochrane
olH|0IS T} 1 MeSH descriptor: [Ear] explode all trees 1,127
(H) 2 | eartiabkw 4,601
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7= # Searches Cochrane
3 otol*:ti,ab,kw 1,155
4 MeSH descriptor: [Temporal Bone] explode all trees 107
5 temporal bone*:ti,ab,kw 312
6 (skull bas* surg*):ti,ab,kw 199
7 cochlear:ti,ab,kw 591
8 MeSH descriptor: [Facial Nerve] explode all trees 74
9 facial nerve*:ti,ab,kw 836
10 | intratemporal fossa*:ti,ab,kw 0
" jugular fossa*:ti,ab,kw 1
12 | MeSH descriptor: [Cerebellopontine Angle] explode all trees 6
13 | cerebello pontine angle*:ti,ab,kw 0
14 | MeSH descriptor: [Petrous Bone] explode all trees 4
15 | petrous apex*:ti,ab,kw 2
16 | aural atresia*ti,ab,kw 0
17 | auditory:ti,ab,kw 6,044
18 | MeSH descriptor: [Hearing Loss] explode all trees 1,010
19 | hearing*:ti,ab,kw 4,331
20 | MeSH descriptor: [Hearing Loss] explode all trees 199
21 | deaf:ti,ab,kw 186
22 | MeSH descriptor: [Neuroma, Acoustic] explode all trees 53
23 | vestibular schwannoma®*:ti,ab,kw 71
24 | cholesterol granuloma*:ti,ab,kw 5
25 | MeSH descriptor: [Meningioma] explode all trees 64
26 | meningioma*:ti,ab,kw 217
27 | MeSH descriptor: [Arachnoid Cysts] explode all trees 9
28 | arachnoid cyst*:ti,abkw 23
29 | MeSH descriptor: [Otitis Media] explode all trees 1,096
30 | chronic otitis medi*:ti,ab,kw 555
31 | MeSH descriptor: [Cholesteatoma] explode all trees 24
32 | cholesteatoma*:ti,ab,kw 86
33 | MeSH descriptor: [Glomus Tumor] explode all trees 2
34 | glomus tumo*:ti,ab,kw 6
35 | MeSH descriptor: [Paraganglioma] explode all trees 56
36 | paraganglioma*:ti,ab,kw 39
37 | translabyrinthine:ti,ab,kw 6
38 | suboccipital:ti,ab,kw 89
39 | infratemporal:ti,ab,kw 9
40 | transotic:ti,ab,kw 0
41 | transcochlear:ti,ab,kw 0
42 | MeSH descriptor: [Tympanoplasty] explode all trees 103
43 | tympanoplast*:ti,ab,kw 241
44 | MeSH descriptor: [Myringoplasty] explode all trees 45
45 | myringoplast*:ti,ab,kw 104
46 | MeSH descriptor: [Mastoidectomy] explode all trees 2
47 | mastoidectom®*:ti,ab,kw 98
48 | petrosectomy:ti,ab,kw 1
49 | ossiculoplast*:ti,ab,kw 23

102



Vi, 25

-
HI
==

50

52
53
N R | B4
55
56
57

Searches

bone anchored hearing aid*:ti,ab,kw
#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11
or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20
or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29
or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38
or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47
or #48 or #49 or #50
MeSH descriptor: [Surgery, Computer-Assisted] explode all trees
navigat*:ti,ab,kw
image (guid* or assist*):ti,ab,kw
comput® (guid* or assist* or aided):ti,ab,kw
#52 or #53 or #54 or #55
#51 and #56

Trials (502)

Cochrane
35

16,366

801
2,168
5,738

20,784
23,762
554

2.1.2. = HO|E H0]A

O KoreaMed (

AMARL: 2019.2.7.)

- Basic Search, 2| AMX} AE Jt5, GOH=T HAM Jt5

ear AND navigation
ear AND image

otologic AND navigation
otologic AND image
otologic AND computer

#
1
2
3 ear AND computer
4
5
6

Searches KoreaMed

1
53
20

2

5

3
84

=
24 - FYYBEE

4T T

H AND
H AND
H AND

OO N oW N — | FF

0¥ |0R | 0o
El=Nlorallii:

m

Searches KMBASE

# AND |04
7 AND LiH|H 04

ear AND navigation
otologic AND navigation
otologic AND image
otologic AND computer

D =W o W oo o o o
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# Searches KMBASE
HA 69

O KISS (HMYUR}: 2019.2.7.)
- NERY - SEAZ HE

Searches KISS
+ AND UH[AH0]M
H AND LiH|AO[H
H AND &d
otologic AND navigation
otologic AND image
otologic AND computer

DO W= =
Do o 01o o

A

O RISS (MY} 2019.2.7.)
- RERY - SHAEX=E'2Z M3t

Searches RISS
H AND UH|A[0]H
+ AND LiH|AH|O]M
H AND &t
ear AND navigation
otologic AND navigation
otologic AND image
otologic AND computer

~N OO WN =
Qoo o R~ INN

rx
4
N

O KISTI (BMYUX}: 2019.2.7.)
- =2 154M, X1E3Y - NE'E Nt

Searches KISTI
+# AND U H|#|0l&
+ AND LiH|AH|O]M
H AND &
ear AND navigation
otologic AND navigation
otologic AND image
otologic AND computer

LN o o W N = =
N oo o b~ —=INN

rx
B
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2.2.1. =8| H0|E|H0]A

O Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions(R) (1946 to January 212019)
(HMY: 2019.1.23)

& No. Searches MEDLINE
1 exp NECK/ or neck.mp. 234,909
2 exp Pharynx/ or throat.mp. or pharyn*.mp. 95,052
3 exp LARYNX/ or laryn*.mp. 111,694
4 cervi*.mp. 277,014
) peritonsil*.mp. 1,563
0|H|0IE T} 6 exp (-ZAROTID ARTERIES/ or exp CAROTID BODY/ or 132,406
(®) carotid.mp. .
- 7 exp PARAGANGLIOMA/ or paraganglioma$1.mp. 23,575
8 exp RETROPHARYNGEAL ABSCESS/ or retropharyn*.mp. 2,772
9 exp ADENOIDECTOMY/ or adenoidectom$4.mp. 5,324
10 | exp OROPHARYNGEAL NEOPLASMS/ or oropharyn*.mp. 25,543
1" exp TONSILLECTOMY/ or tonsillectom$4.mp. 11,523
12 or/1-11 794,167
13 | exp Surgery, Computer-Assisted/ 20,140
14 | navigat$5.mp. 34,201
15 | (image guid$4 surg$5).mp. 1,378
gnon 16 | (image assist*. surg$5).mp. 10
17 | (comput$2 guid$4 surg$s).mp. 856
18 | (comput$2 assist* surg$s).mp. 1,333
19 | (comput$2 aided surg$5).mp. 332
20 or/13-19 51,401
ZeH(=) | 21 12 and 20 2,707
207 22 | Animal/ 6,336,106
H9) 23 | Human/ 17,605,309
24 22 not (22 and 23) 4,506,319
ZH(E),
OIZt CHA | 25 | 21 not 24 2,632
47

O Ovid-Embase (1974 to 2019 January 21) (ZA: 2019.1.23.)

& No. Searches EMBASE
o015 T} 1 exp neck/ or neck.mp. 332,379
=T 2 exp pharynx/ or exp throat/ or pharyn*.mp. or throat.mp. 140,168
=) 3 exp LARYNX/ or laryn*.mp. 150,189
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7= No. Searches EMBASE
4 cervi*.mp. 356,415
5 peritonsil*.mp. 1,951
6 exp carotid artery/ or exp carotid body/ or carotid.mp. 175,722
7 exp paraganglioma/ or paraganglioma$1.mp. 11,567
8 exp retropharyngeal abscess/ or RETROPHARYNGEAL.mp. 3,793
9 | exp ADENOIDECTOMY/ or adenoidectom$4.mp. 5,145
10 | oropharyngeal.mp. 21,979
1" exp TONSILLECTOMY/ or tonsillectom$4.mp. 14,306
12 | or/1-11 1,032,793
13 | exp computer assisted surgery/ 11,272
14 | navigat$s.mp. 45,442
15 | (image guid$4 surg$5).mp. 2,233
ey 16 | (image assist*_ surg$5).mp. 9
17 | (comput$2 guid$4 surg$s).mp. 93
18 | (comput$2 assist* surg$s).mp. 9,620
19 | (comput$2 aided surg$s).mp. 517
20 | or/13-19 55,937
Z5H=) 21 | 12 and 20 3,207
207 22 | Animal/ 1,399,020
H9) 23 | Human/ 19,126,355
24 | 22 not (22 and 23) 1,025,177
5#(2),
OIZt CHA | 25 | 21 not 24 3,193
a7

O Cochrane Central Register of Controlled Trials (CENTRAL) (ZAf:

2019.1.23.)
T2 # Searches Cochrane
1 MeSH descriptor: [Neck] explode all trees 476
2 neck:ti,ab,kw 16,710
3 MeSH descriptor: [Pharynx] explode all trees 1,213
4 throat:ti,ab,kw 3,929
) pharyn*:ti,ab,kw 4,220
6 MeSH descriptor: [Larynx] explode all trees 670
7 laryn*:ti,ab,kw 8,168
OHIA= | 8 | cervi*:ti,ab,kw 16,175
(=) 9 | peritonsil*:ti,ab,kw 199
10 | MeSH descriptor: [Carotid Arteries] explode all trees 1,101
11 | MeSH descriptor: [Carotid Body] explode all trees 21
12 | carotid:ti,ab,kw 6,331
13 MeSH descriptor: [Paraganglioma] explode all trees 56
14 | paraganglioma*:ti,ab,kw 39
15 | MeSH descriptor: [Retropharyngeal Abscess] explode all trees 1
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7= # Searches Cochrane
16 | retropharyn*:ti,ab,kw 32
17 | MeSH descriptor: [Adenoidectomy] explode all trees 430
18 | adenoidectom*:ti,ab,kw 743
19 | MeSH descriptor: [Oropharyngeal Neoplasms] explode all trees 184
20 | oropharyn*:ti,ab,kw 2,926
21 | MeSH descriptor: [Tonsillectomy] explode all trees 979
22 | tonsillectom*:ti,ab,kw 2,038
#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11
23 | or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 52,691
or #21 or #22
24 | MeSH descriptor: [Surgery, Computer-Assisted] explode all trees 801
oa o |25 | navigat*:ti,abkw 2,168
°em 26 | image (guid* or assist*):ti,ab,kw 5,738
27 | comput* (guid* or assist* or aided):ti,ab,kw 20,784
28 | #24 or #25 or #26 or #27 23,762
z5(2) 29 | #23 and #28 1,438
e Trials (1,362)
2.2.2. =L GIO|E{H[O]A
O KoreaMed (ZHAUX}: 2019.2.7.)
- Basic Search, Z2[H AUX M 7ts, U= #HY Jts
# Searches KoreaMed
1 neck AND navigation 25
2 throat AND navigation 0
3 throat AND image 4
4 throat AND computer 1
5 laryngeal AND navigation 0
6 laryngeal AND image 10
7 laryngeal AND computer 3
8 pharyngeal AND navigation 0
9 pharyngeal AND image "
10 pharyngeal AND computer 2
A 56
O RISS (HMaxt: 2019.2.7.)
- NERY - IFUEEX=2'CE HEt
# Searches RISS
1 = AND H[H[A[014 3
2 = AND LA 0|4 3
3 = AND & 10
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# Searches RISS
4 OIF AND U[H|#0M 0
5 QI AND L{H[A 0|4 0
6 Q& AND &t 0
7 S5 AND YH[AO]M 0
8 S5 AND UiH[Ao1d 0
9 S5 AND &t 1
10 neck AND navigation 16
11 throat AND navigation 0
12 throat AND image 25
13 throat AND computer 8
14 laryngeal AND navigation 1
15 laryngeal AND image 22
16 laryngeal AND computer 31
17 pharyngeal AND navigation 0
18 pharyngeal AND image 19
19 pharyngeal AND computer 19
A 158
O KISS (ZMUz}: 2019.2.7.)
- HERY - HEX'E HE
# Searches KISS
1 = AND HH[A 0|4 39
2 = AND LiH[A 0|4 30
3 = AND 2 46
4 QIS AND U[H|A0lM 0
5 QIS AND LiH|A0|M 0
6 OIF AND &t 0
7 S5 AND YH|[A0]M 0
8 S5 AND LH|A01H 0
9 S5 AND 3t 0
10 neck AND navigation 3
1 throat AND navigation 0
12 throat AND image 19
13 throat AND computer 2
14 laryngeal AND navigation 0
15 laryngeal AND image 6
16 laryngeal AND computer 3
17 pharyngeal AND navigation 0
18 pharyngeal AND image 9
19 pharyngeal AND computer 3
A 166
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O KMBASE (ZMXL: 2019.2.7.)
- =27 - 1334 - FUEE=E
# Searches KMBASE
1 = AND HH[A 0|4 21
2 = AND L{H|A0|H 3
3 = AND & 9
4 QI AND U4[H[A0]M 0
b QIS AND LiH|A0|M 0
6 OI= AND &t 0
7 S5 AND YlH[A oM 0
8 S5 AND LH[A01H 0
9 S5 AND &t 0
10 neck AND navigation 16
1 throat AND navigation 0
12 throat AND image 12
13 throat AND computer 7
14 laryngeal AND navigation 0
15 laryngeal AND image 42
16 laryngeal AND computer 23
17 pharyngeal AND navigation 0
18 pharyngeal AND image 37
19 pharyngeal AND computer 10
A 180
O KISTI (MUKt 2019.2.7.)
- =2 1344 NERY - MY'E HE
# Searches KISTI
1 (BI:21%*) AND (BI:U|H|H0[44%) 0
2 (BI:91=*) AND (BI:L{H|A0]A*) 0
3 (BI:2I=*) AND (BI:gtt*) 0
4 | (BI:ZS*) AND (BI:LH|0]4¥) 0
5 (B:Z%*) AND (BI:LjH|0]4%) 0
6 (BI:Z%*) AND (BI:&t*) 0
7 (Bl:neck*) AND (Bl:navigation*) 13
8 (Bl:throat*) AND (Bl:navigation®) 1
9 (Bl:throat*) AND (Bl:image*) 18
10 (Bl:throat*) AND (Bl:computer*) 7
M (Bl:laryngeal*) AND (Bl:navigation*) 0
12 (Bl:laryngeal*) AND (Bl:image*) 21
13 (Bl:laryngeal*) AND (Bl:computer*) 13
14 (Bl:pharyngeal*) AND (Bl:navigation®) 0
15 (Bl:pharyngeal®) AND (Bl:image*) 10
16 (Bl:pharyngeal*) AND (Bl:computer®) 8
A 91
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Balachandran Accuracy of imalg.e-guided surgical systems at the lateral Otol Neurotol.
1 R skull base as clinically assessed using bone-anchored 2008;29(8):
hearing aid posts as surgical targets. 1050-5.
Otolaryngol
) Balachandran ~ Minimally invasive image-guided cochlear implantation for Heasdurgeck
R pediatric patients: clinically feasibility study. 2014:150(4):
631-7.
Acta
3 Bernardeschi  Use of bone anchoring device in electromagnetic Otolaryngol.
D computer-assisted navigation in lateral skull base surgery. 2013:133(10):
1047-52.
- Impact of a self-developed planning and self-constructed Acta
4 Caversaccio navigation system on skull base surgery: 10 years Otolaryngol
M expegrience Y gery- 10y 2007:127(4):
' 403-7.
Eur Arch
. Caversaccio  Cholesterol granuloma of the petrous apex: benefit of Otorhinolaryngol.
M computer-aided surgery. 2009;266(1):
47-50.
J Laryngol
6 Caversaccio  Valuable use of computer-aided surgery in congenital Otol.
M bony aural atresia. 2003;117(4):
241-8.
A surgical navigation system for guiding exact Biomed Res
7 Cho B cochleostomy using auditory feedback: a clinical feasibility  Int. 2014;2014:
study. 769659.
Acta
Otorhinolaryngol
8 Claes J Computer assisted E.N.T. surgery, a preliminary report. Belg.
1999;53(2):
117-123.
. . . . . . Acta
Use of anatomic or invasive markers in association with Otolaryngol
9 Grayeli AB skin surface registration in image-guided surgery of the : ’
temporal bone 2009:129(4):
' 405-10.
Laryngoscope.
10 Gunkel AR Computer-aided surgery in the petrous bone. 1999;109(11):
1793-9.
1 Guo R Application of a compute.r—aided. navigation technique in J Craniofac
surgery for recurrent malignant infratemporal fossa Surg.
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tumors.

First clinical evaluation of the navigated controlled drill at
the lateral skull base.

Image-guided surgical navigation in otology. Image-guided
surgical navigation in otology.

Minimally invasive image—guided cochlear implantation
surgery: first report of clinical implementation.

A minimally invasive registration method using surface
template-assisted marker positioning (STAMP) for
image-guided otologic surgery.

Cochlear implantation assisted by noninvasive image
guidance.

CT-MR image date fusion for computer assisted
navigated neurosurgery of temporal bone tumors.

Real-Time Navigation-Guided Drilling Technique for Skull
Base Surgery in the Middle and Posterior Fossae.

Use of the LandmarXtrade mark Surgical Navigation
System in Lateral Skull Base and Temporal Bone Surgery.

The Safety and Accuracy of Surgical Navigation
Technology in the Treatment of Lesions Involving the
Skull Base.

MXIZE

2015;26(2):
e126-32.
Stud Health

Technol Inform.

2008;132:
171-3.
Laryngoscope.
2012;122(10):
2291-9.
Laryngoscope.
2014;124(8):
1915-22.
Otolaryngol
Head Neck
Surg.
2009;140(1):
96-102.
Otol Neurotol.
2012;33(8):
1333-8.
Eur J Radio.
2007;62(2):
192-8.
Neurol Surg B
Skull Base.
201879
(Suppl 4):
S334-5339.
Skull Base.
2001;11(4):
245-55.

J Craniofac
Surg.
2017;28(6):
1431-1434.
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Image-guided surgical drainage of medial parapharyngeal AnnLa(])rt(;I Slhml
1 Cable BB abscesses in children: A novel adjuvant to a difficult y g9’ .
2004;113(2):
approach. 115-20.
L . L . Ther Clin Risk
9 Dou G App||.cat|on oflsurgmal navigation in styloidectomy for Manag.
treating Eagle’s syndrome. 2016:12:575-83.
J
e Intraoperative control of resection margins in advanced head  Craniomaxillofac
Feichtinger g e
3 M and neck cancer using a 3D-navigation system based on Surg.
PET/CT image fusion. 2010;38(8):
589-94.
Rev Laryngol
4 Ganaloff P Navigation in head and neck oncological surgery: an Otg)BIOF:Q;nol
g emerging concept. 20”;132(4_5):
203-7.
Three-dimensional computed tomography angiography of the Laryngoscope.
5 Leong JL  internal carotid artery for preoperative evaluation of sinonasal 2005;115(9):
lesions and intraoperative surgical navigation. 1618-23.
J
6 Siessegger  Image guided surgical navigation for removal of foreign Cram%??g”bfac
M bodies in the head and neck. 2001;2§(6):
321-5.
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