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Intelligent Eve & Hand

Intelligent Robotic Surgical System
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Endoscope & ) y
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— | Provide images of the target , Instrument or device that :
o | legion for precise surgery / performs precision surgery Macro v
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* Byung-Ju Lee, 2017
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RoboDoc in Korea

Started 2002 in Korea
4000 cases accomplished at Lee Chun Tek Hospital

Q %Si(c:g?tr;rl-? '(;s(;)):g;lo paedic Introduction Clinics Specialty News & Information

Welcome to LeeChunTek Orthopaedic Specialty Hospital

From the central idea of Hippocratic philosophy, Clinical actions are imbued.

The physician must take care of the ill with devotion, selflessness, comprehension and compassion.
spec a LCT Hospital has been sharing our long-time accumulated knowledge with world.

Home > Specialty > Robot surgery

» Robot surgery

» Tissue Sparing robot TKA
. What’s the Robot surgery?
+ Tissue Sparing robot UKA

» Robot THA Robot Surgical System allows surgeons to pre-operatively plan their surgery in a 3-

D virtual space and then execute the surgery exactly as planned. The System
includes two components; ORTHODOC, a computer workstation equipped with
software for 3-D preoperative surgical planning, and the ROBODOC. Surgical
Assistant. a computer-controlled surgical robot utilized for precise cavity and surface
preparation for hip arthroplasty and knee arthroplasty surgeries.

It provides exact implementation of exact pre-surgical plans on non-homogeneous
bone tissue thereby ext
focus on clinical issues
the base platform for a

+ Hip resurfacing
» Research center
+ Publish & Patent

LCT Hospital for Korean

http-//weww.Ict.cokr ndinn the canahilitv of the ciirnenn  and allowina him/her tn

LeeChunTek Orth di
Q sSicia‘u'{} ﬁospftalopae Ic Introduction  Clinics  Specialty News & Information

Online Training Center
http//ict.juninedu.com -

Welcome to LeeChunTek Orthopaedic Specialty Hospital

Advantages : From the central idea of Hippocratic philosophy, Clinical actions are imbued.
<AL 5 = 4 The physician must take care of the il with devotion, selflessness, comprehension and compassion.”
- Optimized Preoperativ SIEx ol E iy i Ko e oo Krkodacn s ek

- Complete Removal of
- Complete Removal of
- Significant reduction o
- Risk of fractures mini
- Good postoperative st
- Good bone quality at i

More information ? GO

I,

Robotic Joint Arthroplasty Spine Clinic

Robot surgery processing

Our News Questions & Answers

+ The Fiji Times - Ex-Natabua student make

Pre-operative Process
C\RRRE
F  WUYIN ) NHICEz=.

LCT Hospital for Korean More information ?

Bttp://wwwict.co ke Please leave your message on
N ok our Q&A section
Online Training Center -
GO

http/Act juninedu.com




First Master-3lave Robotic Surgery in Korea
(2005.7.15) using da Vinci system
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BFRS (Biplanar Fluoroscopic guided
Robot System for spinal fusmn with nedlcular screwl
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Medical Robotics Market

Global Medical Robotics Market, by Global Market Insights

Geography - SURGICAL ROBOTS MARKET
m% Market value
® $5.5BN s ]

® 24.4%

Global Market Insights, Inc

2017 2018 2018 2020 2021 2022 2023 2024 2025 2026
INCREMENTAL The year-over-year growth rate

The market will be ACCELERATING GROWTH » psstsitaal
m North America mEuro w Asia Pacific  mMiddle East & Africa Latin America growing at a CAGR of close to ) :
pe 27% $765mn

L21.00%

with a few players occupying the market of the growth will this market will be the rising

come from the instances of strokes, injuries, and
ll‘nl AMERICAS region neurological diseases o
]

g wall o

Global Medical Robot Market is expected to reach e S ’ A8% o v orvERee,

USD 33.65 Billion by 2026 from USD 4.92 Billion in
2016 at a CAGR of 21.2%.

Maximize Market Research - _
Rehabilitation robot market size at $641

million in 2018 is expected grow
dramatically to reach $6.4 billion by 2025.
Wintergreen Research, Inc



https://www.maximizemarketresearch.com/

Medical Robotics Market

o MA Q&8 2
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2244 £=2% : 20184, USD 2,556.5 million — 2023¥ USD 6,553.9 million
HYQut £&=25 : 2018, USD 868.7 million — 2023% USD 2,315.5 million

7,000.0 -
S 6,000.0 -
= 50000 -
=
W -
= 4,000.0
& 3,000.0 1
2 2,000.0 -
%  1,000.0 -
=
0.0 ;
LADarosco Orthopedic Pharmacy Neurosurde Other
P Py Surgery Applications urosurgery Applications
2018 2,556.5 868.7 704.2 708.7 1,626.2
2023 6,553.9 2,315.5 1,202.9 1,699.1 4,270.6
CAGR 20.7% 21.7% 22.0% 19.1% 21.3%

MA Q28 2EX ANY EE
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Medical Robotics Market

o MA 28 ZEX AFE 74 :
Robotic System(13 £XtA| &) : 20233, USD 4,166 million
Instrument & Accessaries (K| &&Q A2M X&) : 20234, USD 12,576 million

BY PRODUCT 2018 2023

Instruments g7 g9 75.1%
& Accessories

Robotic Systems 32.1% 24.9%

MA 228 2EX MY EE
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Medical Robotics Market

oMA +2 EX NY XNFE ML :
50| XY : 20179 MA A FS| 53.0%, 2023 7HX| 7tF 2 NF |FX[0f &
OIAOHEHE Y X[F : 7tY =2 T E ol (CAGR 22.4%)

EUROPE
24.0%
NORTH AMERICA % 20.4%
53.0% ASIA PACIFIC
% 21.1% 18.0%
% 22.4%
REST OF THE WORLD

5.0%
% 16.4%

MARKET SHARE (2017)
ﬁ CAGR (2018-2023)
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o Major Player

Intuitive Surgical Medtronic Stryker
da Vinci Mazor MAKOplasty
Laparoscopy/Prostate surgery Spine surgery Joint replacement surgery
* Global best-selling surgical robot * Fixating Robot & Surgical Table = Uni-knee replacement surgery
» Over 5,500 units are sold * Planner & Navigation, » Over 1,000 units are sold
= Master-Slave type Intra Operation Varification = Semi-active robot :
* 4 robot arms » Inserting K-Wire Type surgeon guides the robot arm by hand

CUREXO
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o Orthopedic Surgical Robot
MAKO : 20203 A THof4~2F 1,000C] =4 (20133 O|= StrykerAtof| 1.8 0f mQl4)
CUVIS—Joint : 3l A OIZAAEX|ELs2E 20204 QI x0| 5EHZF 22 £EH 24 A Z

Product CUVIS JOINT MAKO ROSA Navio
X o
- - -
oy T {
h 1 Wl o -8
Picture o | I . P~
=
Tt L 2 Tty
Robot Type 6 Axis Articulated Robot 6 Axis Haptic Robot 6 Axis Articulated Robot -
Image cT cT Not Required or X-rays Not Required
Tracker OTS [NDI, Polaris-Vegal] OTS [NDI] OTS [NDI, Polaris-Vegal] OTS [NDI]

Point Picking Point Picking Point Picking Surface Mapping

[Excluding Shaft Band] [Excluding Shaft Band]

Registration

-measured resection -measured resection -measured resection -measured resection

Technique _gap technique -gap technique -gap technique -gap technique
Method Automatic Passive Passive Passive

Tool End-mill Shaped Ball Shaped Bur/ Saw Saw Distal Bur / Saw

Sleeve Support Type Hand Grip Type Hand Grlp Type Hand Grip Type

Cutting Holder . i /‘2 N
sl € as =

CUREXO



=UHQl NSHE

o0 Spine Surgery Robot
Medtronic : Mazor 214=(20133), Zimmer : Rosa 214:(2014d) — Global & 27|7| & At
Curexo : CUVIS—Spine, 2020d M EEtAHSl = M

Product CUVIS-Spine Mazor X™ Mazor ® ROSA™ spine Excelsius GPS™ TiRobot®
Renaissance
-‘Fl\ y M v | | g ; - - - e
_ N ,J KOSA A P . - ' X
Oy ’ r g =t \ iy o
J ;ﬂz ) L’_&. -__\’ L = G 'l l‘ 6
Picture =) m R ; A‘;EB 1 Y =
S } ‘; N ' f: { | *
A A S s ks
MFDS (2019) MFDS (2012) MFDS (2016) CE (2017.1)
Approval CE(2020) AU CE, FDA CE, FDA(2016.1) FDA (2017.8) DA ARG
Image O-arm, C-arm C-arm, O-arm CT / C-arm O-arm O-arm, C-arm, CT 3D C-arm
Tracker oTS 3D Scanner Bridge 0TS oTS oTS
Stereo Camera
K-wire
Dilator and Tapper K-wire K-wire K-wire Dilation and Tapper K-wire
Self tapping screw
Targgt O X X A O A
Tracking

#
CUREXO



CUREXO

o Gait Rehabilitation Robot

Morning Walk
(Curexo, Korea)

Lokomat Pro
(Hocoma, Swiss)

G-EO System
(Reha tech, Swiss)

Walkbot
(P&S, Korea)

End-effector, seat

Exoskeleton, treadmill
and parachute
harness

End-effector,
and parachute
harness

Exoskeleton, treadmill
and parachute
harness

< 5min

30min

20min

30min

Ground walking,
Stair up/down

Ground walking

Ground walking,
Stair up/down

Ground walking

*setup time



Active Surgical
Dr. Peter Kim

CNMC, Washington D.C.



CUREXO

Active Surgical Anastomosis Robot (STAR)

Anastomosis

« Surgical connection of separate tissues, particularly 2
tubular anatomical structures such as blood vessels or
loops of intestine

* An essential part of many surgical procedures

« For many laparoscopic procedures, anastomosis is:
— Most technically demanding aan
— Most likely to fail s
— Most time consuming
aspect of surgery




Active Surgical Anastomosis Robot (STAR)

| STAR (Smart Tissue Anastomosis Robot) 2.0 I

Integrated Clinical System: .
Workstation :
< ision e
ﬁ' s . Powerpack
— 7"“ s < ‘.,/ -

(User GUI, Vision i

S/W, User Interfaces)

STAR Clipping
Tool

29
CUREXO
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CUVIS-joint

Zuy $a=y

s v uEne
CUVIS-joint =
. . CT S JIHICE & M SES A Wt 2o HE U= HEFSER
o 1]
)| é
v £XZ! - Open Platform(AS&E M9 J}5)
- Mot == A=
- 2T &W(Cutting)
- XX 9| Alignment
- & 3 HIY¥Z, Gap Balancing Jts
o 14
| é
- MFDS 20204 24| S0l
1
s

- IISRIA" EX+E)| 3853

- CT/MRI & Il ===




l TKA (Total Knee Artroplasty]




Surgical Process

» urglcal Planning » 3. System Diagnosis

Preparation

Sterile Diagnosis Guide

-CT H|o|H =28 - Non-Sterile / Sterile
-FE e 2 - Tool and Base Marker Positioning
« 5. Cuttlng / Gap Check « 4. Reglstratlon

Femur Resection Intra-Resection Gap Check Femur Registration

ddn |,

Surgery Result

- Measured Resection / Modified gap technique
- Pre / Intra / Post - Resection gap check




TKA robot surgery

Femur Registration

Registration

i

Needle type probe

“ Femur Resection

Resection

o
s Registation 3

Intra-Resection Gap Check

Resection

: “8-5 F Post-Resection Gap Check

e
CUREXD

Resection

Comphiian




I CUVIS-spine

=T 2 CUVIS-spine v HISIHL
. HMEA LIAIR A Al £2HS0) [E Heo| HHoD TRMFE HExsaas
” ]
d ]

v EX - 2X1¥(C-arm)dt 3XHX(0-arm) €& / Opendt Percutaneous 25 XI¥ Jbs
- MetA: 1159| Robot Arm Calibrationilt ZH213F Xl & XIMl X
- ORMAM: 2IXt X210 MAIZF DUE 0t AAIZHAIA ' ZA
- MO|M: SXITH AXIE ZHATI0I1] AHEQ| WA =ty
- St Workflow / & One-step Surgical Tool

c -3
-~

v olg|J} - MFDS 20194 o] S0l
- CE 2020 AtHD)| 591

A2 NEEEEEER  utiod o8 AuEsIesa

- - 05mm [RMIS]

+ < 1mm [RMS]

v - < 1mm [RMS]

C Plannersw EEEPELERIRS ERE DI

BT - Orsiontical Tracking System, Z2A! QIXIZEH)

oin




Pedicle screw fixation

(t
s

A HF OIS D7ESHE LIARR

Lateral Breach Medial Breach Accurate Placement



Surgical Process

I Procedure (C-arm)

. ! ‘ ¥ = - .& . y g " i i { - “.‘ »."
Instrumentation L ,
aser Guide
e EPatarm Scan Inser::)c:c(llfeffJf;eous) g ¢ Anchoring & Tapping - RCQl° v
(Navigation) And Incision



l Registration — C—arm image to Robot

Detector

x

LL image

C-arm virtual space

Target 2;

Patient X

REFERENCE

¥ Robot X

Source Calibrator Xe-

RTT = RTO M oTP ° PTT

Real world 3D space



Navigation — locating surgical instrument

e

OTS %,
Instrument %,
N
f
‘ Patient X,

|
REFERENCE

1J

Target 2




MORNING WALK | Gait Rehabilitation Robot

H XS

- 22 MU= dXIZAEER

W Al
=59 EXHEX ¥YE ST (BS= A=)
1 HE X E% | ©X:30~35cm, &% :4~70 steps/min
S }J[Hti%l% M 135Ka




Morning Walk [MW-35200]

| CUREXO

42
CUREXO
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Morning Walk® (Mo

AHI|S - 23

il
02
rot
HL
o
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oy
=
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"X|, ATt 27|, AT 2{7}7], B AL
BQE7|, AMELE7}7| S| C}
of B3l X 15

AT 3CHA| (7, 12, 17cm)
AALR 454 (5, 10, 15, 20°)
/2 B ni2to|e SE N of

Xt =0 IE THAE EH 7ts

HH/IHRE
(Trajectory Interaction)

[ virtual Tunnel
Tunnel Boundaries
— Reference Trajectory

TrANERarency-
Enharcing Forces

. EXto| o|X|of iz} H3 YA A
0] 7b5 (Impedance control)

- BEHHS 7IECE 7o HE
o] EXi5t0], etxte| s&H 2|X|
o 2t H=o| EHatH

Tt uhE g B
(Section Repeat)
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Morning Walk® (Model: MW-S200)

HE dM7ls - GUl (HAIZE D EY 7]5)

A SY EE HLEHT
2t BL|E{& (Butterfly Diagram)
I| E4(Sp02, Heart Rate) Cl|O|E| X|Z

CUREXO Patient Info
D Name
I
/
Setting
BWS
3
’
L Training Protocol OverGround
S v
< s VR Contents N/A
& . Cadence 0
y ) £ ) @
- = 78%
30:00
WM 5 "15’: - Step Length 30/ 30
LA - 07 G =
7 0¢ 1 4 Step Height 10/ 10
) 75bpm
<= 10,000 step - p-
- ~
L ~ BWS Level(%) 30
Ground Reaction Force (* Saddle Heiaht 0
e Heig
L46 R67 ] &
élﬂ v Training Mode Passive

CUREXO
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l Guideline of Surgical Robots

“ We should consider mainly three aspects of surgical robots.

1. Consideration of surgeon opinion

= Surgeons prefer to adopt technologies that “assist” surgical tasks but unlike to
“trust”computer or robotics in some critical tasks.

2. Short term surgical benefits i

= For example, patient-specific surgical planning, soft tissue monitoring system,

and user-friendly surgical instruments could be helpful to improve surgical results. -

3. Long term cost-effectiveness

= It is very difficult to verify long term cost-effectiveness of new surgical robots.

= However, we could obtain clinical evidences such as uniform and predictable

surgical results and reduced learning curve of trainee surgeons.
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THANK U

FOR YOUR ATTENTION



