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Orthopedic Application of CAS

aTT = T
ZHA 0|5 - U E - GTIY

Computer-Assisted Spine Surgery (CASS)

Sung Shik Kang, M.D., Dong-Bong Lee, M.D.”, Ho-Joong Kim, M.D., and Jin S. Yeom, M.D.

Department of Orthopaedic Surgery, Spine Center, Seoul National University Bundang Hospital,
Seoul National University College of Medicine, Seongnam, Korea

Computer-assisted spine surgery (CASS) is a new discipline involving application of computer engineering and mechanical engineering
to spine surgery. The tools used most commonly include preoperative surgical simulation, intraoperative navigation, and robot-assisted
surgery. Surgical simulation has been utilized for both clinical and basic research. Navigation in spine surgery has focused on guidance
of screw placement, however, due to limited accuracy and high cost, its use is somewhat sparse. CASS may be combined with minimal
invasive spine surgery in the near future. Further validation of clinical accuracy issues and surgical outcomes as well as cost-benefit
analysis is required.
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surgical robot
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Figure 1. A screen-shot image of simulation software for pedicle screw
insertion is shown.
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Figure 2. An intraoperative photograph of the Renaissance™ robot is
shown.

At

2 S0l M= A Renaissance™ (Mazor Surgical Robotics
Ltd., Haifa, Israel)2H= 4% Z%-(miniature robot system)©] AR
1 QchFig 2.7 o] 2R AA| HF 2 (drilling) & SHAl=
a1, oJatoll A gt YRt AU s IS ot
L 4% 20|t} o] 2EL 37fjo] HE o2 1y o] gtk &
7He] Eglo] E Ato]E 671 2] Aol o€ (actuator)”t AZATH= B

T

ol

Sl 25 (parallel robot)©]th. Z2|0] E St 7l+= $kx}e] wiof| 11745}
Al =1, ok Z|o| Ex =¥ 7to|Zof R Renaissance™
O] AME-E HaliA= WA & Ao CTE ZYoto] 3 WFe] 22}
Y G ol8ot] YA LA EE AR o= 3
2] 570 SHEL Y-S st of7]of A 7|9HE
F2t Fof C FA| B = #Yotal U, 253 d4E
FE= AHsA o2 HTHCT-fluoro matching)-= Al F Tt
A& 7195 AAsHY, I Ao 25 F2boka LA, 25
AEA7IH 2R AR AT 91| 2F Skl BHA| = 7ol &
=2]o|A Hr}, o] =Y 7to|EF FollA 35 ukx|al Ui,
F5 AAsHL AR AT = QA "ok o] 25& A%

AMESHA] oFar 213 wiof] 157 wioll e et
= ol 7 2 A ol=taL 1 o= PR E
2]gk olet o Ut e 25| A 3G
(minimal invasive spine surgery, MISS)2} A3to1A| =#H
Bt HdshE Zlog Ay

2 o

27100 9 = et 23S o819 eeol vt it
ool =lE Zlo s o dHu, ol55 It R o A4S
(tele-surgery) HA] T A-§ 7Fs/dol oAAH L et HFE A1

tu o ox g

fu

Wi

I

Rl

=
=
=

$ o
s
o

K
gk

2% 4
]-_Q.O

[

~ N

& 2oF TN E e 7R A s iR ofal 9l
A5E A HF oA o] Hehw o] F324Ql HiEe 243
2 Al @21 7]) H9l 1 mm ofWolut, dA7EA] 7HdE of
O A AHEL -2 mme] 7[A1HQ 22F W E 7HA| 2L Qlek”
g A 717] IR A7 Al 2] AL QL
T = 1 HSe o] shA|9F 18|80 2 QIsiA] & Al
= A3 o A= dE AoR A &, Yvky
A % (open procedure) A= AR A &Hs] 45|
gt HH 07 UL F AFSoh= A2 RS QlutelEo]
oY 4= gle Yoltt st H WG S 0] Hgd
of w2t CF FAI719] ARgo] Eolutal ¢l 7] whol, YA =&
ERH o5 o] 93t HH 08 (F, CP FAI7| AHES
| astol| 9ttt HA 0 2) FULR]E ARESH= o7} sl oA
= ApxF S7ksks FAlolu, MA| oot XS HE et
FE XY HE 9] Ago] o|Fold Aom HYHch A
A& X ehsoA] FHAARE AMSSH= Zlo] HEHstE o
7L Yl AT 1B 2| H 231G HE el FHAAG
2ES AMSH= Alo] Bk 7RsA e vk A zbe e
A a2 FUHollA= Aol HAIAHQ
SEAL g0l SEL IS A =
S7F Ut EAE E 7] AL Qlek, dejuh AR R

Mo

4z

e
i)
L
lo

;

EREL
yUH BHos

O
oo Xt g¥
j?luﬂ{:gm
l‘l‘l_o
ol

~
2
o 2

A)71A] g 7ol olHth 9xp7t v AH $dbol Gl
Fuisiet, whebA, A/ Aol thet A-t(accuracy
validation studies)2} ©| & F/JAI717] gk A-eL 7 o] opAl =
o] LAz tAo|th” T 0] e} otk sA
/2?1 A3Hclinical outcomes)” BEEA] B E0FA]&= 712 ofy
o2, o]of thgt $7-outcomes analysis) 4] B &3t} E3H
At v]-go] vleiA duht o]5g E& 4 YAl st A+
(cost-benefit analysis) &4 B QE Zo|ct? nlz|uto 2 ojwst
2 o]F AHgShE Qlake] o] 9=
A& YUA| Hotof g Aolch,

iy

2 4

Ir
PO
Mo

r

Ju g o8k 7 2ttt A
L=

3 vk s2lak Yaker £7]eks

REFERENCES

1. DiGioia AM 3rd. What is computer assisted orthopaedic sur-
gery? Clin Orthop Relat Res. 1998;354:2-4.

2. Shin SI, Yeom JS, Kim HJ, Chang BS, Lee CK, Riew KD. The
feasibility of laminar screw placement in the subaxial spine:
analysis using 215 three-dimensional computed tomography
scans and simulation software. Spine J. 2012;12:577-84.

3. Lee JO, Buchowski JM, Lee KM, et al. Optimal trajectory for
the occipital condylar screw. Spine (Phila Pa 1976). 2012;37:
385-92.



417

10.

11.

12.

13.

A3 A9 1

Lee KM, Yeom JS, Lee JO, et al. Optimal trajectory for the
atlantooccipital transarticular screw. Spine (Phila Pa 1976).
2010;35:1562-70.

Nagamoto Y, Ishii T, Iwasaki M, et al. Three-dimensional mo-
tion of the uncovertebral joint during head rotation. ] Neuro-
surg Spine. 2012;17:327-33.

Kawaguchi Y, Nakano M, Yasuda T, Seki S, Hori T, Kimura T.
Development of a new technique for pedicle screw and Mag-
erl screw insertion using a 3-dimensional image guide. Spine
(Phila Pa 1976). 2012;37:1983-8.

Hayashi K, Upasani VV, Pawelek JB, et al. Three-dimensional
analysis of thoracic apical sagittal alignment in adolescent id-
iopathic scoliosis. Spine (Phila Pa 1976). 2009;34:792-7.
Hodges SD, Eck JC, Newton D. Analysis of CT-based navi-
gation system for pedicle screw placement. Orthopedics.
2012;35:1221-4.

Miyamoto H, Uno K. Cervical pedicle screw insertion using a
computed tomography cutout technique. ] Neurosurg Spine.
2009;11:681-7.

Papadopoulos EC, Girardi FP, Sama A, Sandhu HS, Cam-
misa FP Jr. Accuracy of single-time, multilevel registration in
image-guided spinal surgery. Spine J. 2005;5:263-7.

Yang YL, Fu BS, Li RW, et al. Anterior single screw fixation
of odontoid fracture with intraoperative Iso-C 3-dimensional
imaging. Eur Spine J. 2011;20:1899-907.

Patil S, Lindley EM, Burger EL, Yoshihara H, Patel V'V. Pedicle
screw placement with O-arm and stealth navigation. Ortho-
pedics. 2012;35:e61-5.

Hananouchi T, Nakamura N, Kakimoto A, Yohsikawa H, Su-

gano N. CT-based planning of a single-radius femoral compo-

14.

15.

16.

17.

18.

20.

PPN
T=

nent in total knee arthroplasty using the ROBODOC system.
Comput Aided Surg. 2008;13:23-9.

Mozes A, Chang TC, Arata L, Zhao W. Three-dimensional
A-mode ultrasound calibration and registration for robotic
orthopaedic knee surgery. Int ] Med Robot. 2010;6:91-101.
Pechlivanis I, Kiriyanthan G, Engelhardt M, et al. Percutane-
ous placement of pedicle screws in the lumbar spine using
a bone mounted miniature robotic system: first experiences
and accuracy of screw placement. Spine (Phila Pa 1976). 2009;
34:392-8.

Cho JY, Chan CK, Lee SH, Lee HY. The accuracy of 3D image
navigation with a cutaneously fixed dynamic reference frame
in minimally invasive transforaminal lumbar interbody fu-
sion. Comput Aided Surg. 2012;17:300-9.

Fraser J, Gebhard H, Irie D, Parikh K, Hartl R. Iso-C/3-di-
mensional neuronavigation versus conventional fluoroscopy
for minimally invasive pedicle screw placement in lumbar fu-
sion. Minim Invasive Neurosurg. 2010;53:184-90.

Tian NE, Huang QS, Zhou P, et al. Pedicle screw insertion
accuracy with different assisted methods: a systematic re-
view and meta-analysis of comparative studies. Eur Spine J.
2011;20:846-59.

. Verma R, Krishan S, Haendlmayer K, Mohsen A. Functional

outcome of computer-assisted spinal pedicle screw placement:
a systematic review and meta-analysis of 23 studies including
5,992 pedicle screws. Eur Spine J. 2010;19:370-5.

Hartl R, Lam KS, Wang J, Korge A, Kandziora F, Audigé L.
Worldwide Survey on the Use of Navigation in Spine Surgery.
World Neurosurg. 2013;79:162-72.



418 pISSN : 1226-2102, eISSN : 2005-8918

Instructional Course Lectures J Korean Orthop Assoc 2013; 48: 413-418 e http://dx.doi.org/10.4055/jkoa.2013.48.6.413 www.jkoa.org

#EE g 20 Y

odf
o
H
>
ofo

TR A2 e e Haolutslt 213 251, 714 Boto] §3lo] SR =S S1Te] Fojolt), 4 Al A hHoR
S AP Ao, 44 B A9 O RE A U) PNt 8 o] hIEAIR eflolct, Sd WARS QAL ]
: b U, get=o] shje}

Z Q17 Hofo] ¢l B ik, A 23 Holol M) WP AFUHE AR Ao ARG Lo
17k) A ool the RekEo R Qlsh el ol A ek ik, T WE] A HE 5 M M St As
e IS TR o] ek W5 A 4 20 ek, ol Ak vlg We] £4] S| A} A

3T .

MQITH: HRH AlE gt a2 HRE X[E AE o2 2 2N E

>

T4 20135 102 152 $HU 2013 122 52 ARt 20134 128 15
TRt OIS S

YA 2T 70|12 1733 82, 2YMSCEmE e}

TEL 031-787-7190, FAX 031-787-4056, E-mail spinedo@gmai.com

CHePHSIRISHS|X| : Al| 487 M| 65 2013  Copyright © 2013 by The Korean Orthopaedic Association
“This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”



