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Introduction
History
Basics

TKA

HTO

ACL

RiIEO®| @ ailileln

THA IR B 4 L A A L 48

Conclusion
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« Perform 3D actions in a 3D space on a
3D Object: a human being »

Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion

Prothése

Laffichage tient compte de la correction alpha. Pour a supprimer appuyez sur le bouton de
gauche.
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Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion
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I Neurosurgery I
Introduction |
History Frame based Stéredtaxy : Clarke et Horsley - 1806
Basics ]

1 @ 0 J )%
TKA | f . T

HTO
ACL
THA

Conclusion
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Introduction lggo e 1995 20{10

History i ' Spine Surgery

Basics
TKA
HTO
ACL
THA

B5/22/98
#4:39:56

Conclusion
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* 2000

Introduction s

History ‘ Robots for Hip
Basics : i VR
First generation : ROBODOC and CASPAR

TKA £
HTO Femoral drilling
ACL | | |
THA Qut of business
Conclusion

- ;Cost

“Invasiveness

 No added value
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1990 « . 1995 2000

Orthopaedic Surgery

Introduction

History

Basics <

TKA
HTO
ACL
THA

M By sliding the ball poi

inter tip on the cotyle, validate the accuracy
of the deformated mo

del

Conclusion

®DePuy | ACQUISITION p FTPGEWA
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Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion
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Introduction
History

Basics

TKA

HTO

ACL

THA

Conclusion
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S Action
Introduction .

History

Basi PASSIVE SYSTEMS
asICs Navigation systems

TKA

HTO Guiding
systems
ACL

THA

3D localizers

Conclusion

Real-time feed back
on the location of :

-Therapeutic objects

- Surgical instruments
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S Action
Introduction -

History

Basi SEMI-ACTIVE SYSTEMS
asics The surgeon is guided in a
restricted volume

TKA
HTO Guiding
systems
ACL
THA
Padyc

Conclusion

Synergistic robots
ﬂ || Collaborative robots

Impeachment robots

http://www-timc.imag.fr/
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S Action
Introduction -

History
Active robots which performs
TKA Part of the surgical procedure

HTO Guiding
systems
ACL

THA

Active robots

Conclusion

Perform parts of the
procedure

Based on per-op planning
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Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion




| Computer

Introduction
History
Basics

TKA

HTO

ACL

Conclusion
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! 3D Locali
Introduction i QLEauZers
History Localization : non deformable Objects
Basics e Bones or surgical t:ools
TKA . slocation

eQOrientation
HTO

ACL L
THA T = ®

Conclusion

¥ / et
Ref. abs
camera 3D rotation matrix and the translation
‘ | 5 matrix to compute the transformation
N from Ref,,. to Ref,
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Introduction \3,0 Lacahze’s
History Non deformable Objects
Basics | i
TKA »
HTO eSurgical tools |

eBony structures : therapeutic objects

ACL g
e Dynamic reference base

THA et A (DRB)
Conclusion

g Lo
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' 30 Lacalizers e Dynamic reference base
Introduction i | (DRB)

History Non deformable ,Objects [
Basics

eDRB attached to :

TKA |
eBony structures : therapeutic objects

HTO |
ACL . eSurgical tools

THA "‘\ s

Conclusion
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- 3D Localizers
Introduction i |
History Localizer = 1 Source + 1 Sensor
Basics . : & : .
eOptical localizer with two 2 Dimensional sensors
TKA T o

HTO
ACL | o)

, e : Line of sight
THA -_—

Conclusion ‘a

DRB
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Introduction \:_J,D Lacahze’s

History Localizer = 1 So-Ufce + 1 Sensor
Basics L
TKA
HTO
ACL
THA

- ‘. POLARIS® - Technical Specifications
ePolaris : i

0.35 mm 3D RMSY'?

Workstation Interface

Interface RS-232/422

mMax. Data Rate 115 kBaud

Position Sensor
Weight 2Ky

Mounting 174" thread tripod mount

Conclusion

: L Dimensions 590 mm x 80 mm ¥ 120 mm
S
b enhanced Tool Interface Unit
h Weight 5 kg
]
} Dimensions 320 mmx 130 mmx 300 mm

kN .;'l- FoR i e Power Requirements

5 A e
i BB (AU SRAON S hybrid 10001 208220i240Y, 50/60 Hz, 2.5
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3D Localizers

Introduction

History Optical systems
Basics
TKA
HTO
ACL

eINnfra-red sensors

Basics

Emitted by the DRB

THA o
Conclusion f‘ Reflected by the DRB

Wave length 880 nm

In the OR one can find
70 000 Lux
400 et 500 Nnm
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> 3D Localiz

Introduction \3, Qealizers
History Optical systems
Basi : |

asics eActive systems
TKA ‘ :
HTO

Drawbacks
ACL | Cables on the -
THA operating field
Conclusion i Batteries
Active emission of light _' Weiéht

= source of energy

) Sterilization issues

M
‘
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> 3D Localiz
Introduction \3, QEANZEL
History Optical systems
Basics : 5 Drawbac_ks
ePassive system = Single use
TKA T4 _
Passive = reflectors Sensitive to
HTO surrounding light
ACL
THA
Conclusion
Pros.
Cheap
Light

Can be set on any. type of instrument
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3D Localizers

Introduction
History Optical systems
Basics
TKA
HTO
ACL
THA

e\/ision of the camera

Vision of the optical system

Conclusion

//‘ k
& ot

Surgical scene



DJ’IJJJ,J er Assis

Introduction
History
Basics

TKA

HTO

ACL

AYmlm ayr— 1B

THA g _/ _/__¥;;_&/_ s

Conclusion

40 000 TKA / Year / France

8 000 Uni / Year / France
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Introduction \Tfe Cha”e"ges

History e The challenges : two faces
Basics

TKA

eGeometric challenge

HTO eAlign the implants with respect to mechanical axes
ACL ' e N

THA _efFunctional challenge

. ePerform a good ligament balance

Conclusion

_*Enough mobility

: ‘tho_ugh-sf\;abiIity

A
{
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Introduction \Th,e Cha”e"ges
History e The challenges : two faces

Basics
TKA
HTO
ACL
THA

eMechanical axes :

Conclusion
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Introduction \11'0 Challe"ges

History e The challenges : two faces
Basics

TKA - eGeometric challenge
HTO eAlign the implants with respect to mechanical axes

ACL

THA . eFunctional challenge
‘ ePerform a good ligament balance

Conclusion

eEnough mobility

eEnough stability

it
‘
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The challenges

Introduction
History e Functional challenge
Basics
TKA
HTO
ACL
THA

el igament balancing

Conclusion
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U he challenges

History e Functional challenge
Basics

TKA
HTO
ACL
THA

eLigament balancing

Conclusion

eInstability
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; ‘. "/\_
‘ * Gap

< Increase PE.

 Laxity in extension

\'6 e ,/‘»

o F»t:mct‘i"'o nal cha n |

ament baIa ncing .

‘ v
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. - WeII allgn knee (HKA 180°) Insuff|C|ent cuts

» Excessive constraint




| uteAssusted Orthoaelc Surgery |

-Misallnt (Varus or Valgus):

* Distraction

* Constraint
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: Funct‘i"onal challé“ngeu

* Release
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. Fﬂnct?onal ch;—j n |

: (" f

"_}ament balancmg

. Misalignment (Varus or Valgus):

* Risks
*Unbalance knee
*Residual laxity / Excessive constraints
*Overcorrection / Hypocorrection
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Introduction
History
Basics

TKA

HTO

ACL

/\ -\ -\ /'-—-—

THA Mp _/__¥;;_ n

Conclusion

The solutions
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Introduction \I!’e so’"tlaﬂs

History Build a SPECIFIC model of the patient under surgery

Basics oBuild the specific GEOMETRY of this patient
TKA ¢Align the prosthesis with respect to the patient axes

HTO
ACL
THA

eHip center
eKnee center

Conclusion

\

eAnkle center

el ocalize in 3D the joint centers
eBuild reference planes
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Introduction \1,1’8 SOI"tlans

History Build a SPECIFIC m’odel of the patient under surgery
Basics

TKA
HTO
ACL
THA

eBuild the specific MORPHOLOGY of this patient

Local adjustment to the bones
Ligament balance can only be made with local data

Conclusion




| Computer Assisted Orthopaedic Surgery |

» The solution
Introduction \,e solutions
History Pros and Cons
Basics CT based approach.
TKA . .. ePre-operative planning
eCost — Radio protection issues
HTO eArchiving and communication of images : PACS

ACL eNo increasing time for acquisition and planning

oCT including Hip — Knee - Ankle
~ ‘eSetup time

THA

Conclusion ?':_oIntrafoperative registration (time consuming/accuracy issues;

Registration
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Introduction \m,e so,ut’ons

History Pros and Cons
Basics Non image based system
TKA . eSimple
eLow cost - No radiation
HTO eIntegration of intra-operative data
ACL . *No registration issue
THA -~ teIncrease the operative time
Conclusion 807y | ACQUISITION ) FTPG ®DcPuy | ACQUISITION - FTPG

-y




ter Assisted Orthopaedic '

Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion

v Perception
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Introduction \P,emept’an N

History

No pre-operative images
Basics

TKA
HTO
ACL
THA

*Build a specific model of the patient : Acquisition

eGeometric data

_ . e AXeES
- ' eKnee center

eAnkle center

Conclusion

2 eMorphologic data
e eBone surfaces

oDiig'itiza'tid:'p.bf points with a 3D probe
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Introduction f\’_’,ercept’on

History «None image based approach
Basics | '
TKA
HTO
ACL
THA

Conclusion
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> P tion i Hip center i
Introduction \,emepto
History None image based approach
TKA Rpolaris
HTO | .
ACL | | N -S_egarch of a point C of_Rfem with the
4 minimum trajectory during the
THA =7 ® . 1 acquisiton motion
Conclusion i O 9
_ ’ | O Cl Td1
| Rfemur ]
| ﬁ { OTCO 'Tdo

x o Hip Center



> Perception
Introduction S

History eNone image based approach

Basics
TKA
HTO

| Computer Assisted Orthopaedic Surgery |

i Knee center i

-Morphologic approach

Rpolaris

ACL
THA

Conclusion

g — g |

rt
SR E
¢ ¥oud

{
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> Perception || Anke center ||
Introduction S

History

eNone image based approach

Basics ePercutaneous digitization of points [EENEHISEIIEIY

TKA
HTO
ACL
THA

Conclusion
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o ion i Ankle center i
Introduction \_,emepto
History eNone image based approach
Basics
TKA
O eError
ACL eSlope
THA

e\/arus

Conclusion
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W

1 Ankl t
Introduction \_,emept’on i ol i

History -Geometric approach J&

Basics

TKA
HTO
ACL
THA

Conclusion

E. STINDEL, et Al., The center of the ankle in ct less based
navigation system.
What is really important to detect?
CAOS Santa fee 19-22 Juin 2002.



| Computer Assisted Orthopaedic Surgery |

> Perception I Ankle center I
Introduction S ,

History eNone image based approach
Basics ks

Errorin ° SsMI - SsME - Consequences on the slope
TKA 0.6 -
HTO 05 . .

*
ACL | 04 : - -
* ¢ o L 2
: ¢ o & . o o .

THA it 0,3 see o . . .
Conclusion * * ° M **

0,2 ¢ ¢ ee .

* L 4 * L 2 .
0,1 »
* L X 4
0 ¢ T ¢ T T T T |
0 10 20 30 40 50 60
0,1 +*
Patient
-0,2 -
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> Perception Morphology I
Introduction @m&pfmn I
History «Femoral and tibial shape : Bone morphing
Basics ‘ ¢
eUse of statistical deformable models
TKA o
HTO _ 1
@DePuy | ACQUISITION p F 7P o Ed
ACL |
THA
Conclusion | : N
o\ 7/ '.
$ ) /‘
&7
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Perception i Morphology i

Introduction
History eFemoral shape : Bone morphing
Basics
TKA
HTO
ACL

THA

eAcquisition — Deformation — Quality control

Conclusion
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 Perception

Introduction

History eFemoral shape : Bone morphing
BaSiCS V4 . . . " .
TKA eQuadtree (Lavallee) : hierarchical division of the 3D

volume to apply global and local deformation
HTO

ACL
THA
Conclusion




Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion

v Decision
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Decl mn
¢ 5

~eLevel 1 :f"\basec_lf-:ﬁ,,;n morphologic data

. e R AT

®DePuy  Planning Tibia P cuae 7 [ 20

« fehman Sehmeon crroery LCS

TKA

HTO

ACL S
THA j’;: b

Taille implant
@9
Hauteur de coupe

=
Pente tibiale

9 KA

] L8r o =
Conclusion [ Latéral
290 B

Antéro / Postérieur
=

Rotation axiale

9 Ea

Vérifier la proposition de planning, éventuellement ajuster la position et
I'orientation de I'implant

" lela—78 mm
;_’4‘ "f':’:’vi.f 4 (3.5, =2. 2) \ —
e Fémur=St
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@G]Slﬂn

eLevel 2 :"-basec[--.on dynamic per-operative data

y

TKA

ACL
THA

Conclusion | . - Quantitative
‘o i ( data on GAPS

(3
L

i a.'gus Flexion: B° Rotation tibia: 2°

* Alignment
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> Decision

eLevel 2 :"-basec[:--.if)fl_a dynamic per-operative data

TKA .Test residual laxity HKpA leg stretched:  178°
HTO *Varus Max. | y el

i cMalgus: Max; e
ACL AL ]f

THA “«Ifithe residual laxity
ST i 'S over athreshold

Flexion 2° Tibial rotation 1° 1InT.
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 Decision
Introduction \_,ecs L

History eLevel 2 : based on dynamic per-operative data
Basics » Loop until the threshold is reached
TKA
Ligament balance
HTO
| Int. laxity HKA Ext. laxity
ACL , 2.0 mm 179.1° 5.2 mm
THA bt v
Conclusion i
_ Int. wedge Ext. wedge Press on the blue pedal to
1 mm 6 mm continue the protocol and plan
' the femoral implant with these
; parameters
i Base.
10 mm
l Press on the yellow pedal to i
reperform laxity testing with the

: N above spacer. \
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$ Decision
Introduction \_,ec 10

History eLevel 2 : based on dynamic per-operative data

Basics * Loop until the threshold is reached
TKA ‘
HTO
ACL
THA

| FEMUR ®  POINTER ® S rarts EXIT
..... cuT ® Distraction 1 |

Flexion=-19
HKA=186°

Conclusion

’ Courtesy of"':‘Christophe Marmignon and Philippe Cinquin — TIMC - Grenaoble
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Introduction \Dec’s’on‘
History eLevel 3 : Integration of quality control in the
decision loop

TP Ed

Guidage Tibia 3 auche
| gs ) Gauch

Basics
TKA
HTO
ACL
THA

{.d"’""“"’“:' ..:3»:,\3

<.
..‘

... LY
" e® e v g B s

: | Positionner le palpeur sur la coupe tibiale.
| Démarrer l'acquisition avec la pédale bleue et glisser la pointe du palpeur surle |
| plan tibial coupé

Conclusion
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eFemoral "p'lannfi.n"g»,

. Lcs 2 = = 3 Knewlogees LCS SRS

. E}:}DLH\J: - - / F‘ r) f:
T, | Femur planning p I Jrc -

Left - LCS Complete

TKA TR
HTO

ACL

THA o

Implant size

° Ex

Insert

¢ KA 9

Flexum/Recurvatum

Medial/Lateral
Anterior/Posterior

< KR
Femoral rotation

< K32

Varus/Valgus

> K2

Height shift

< KR 9

Conclusion [l

® Laxities
€ Cut heights

Verify the proposed planning, possibly adjust the position and orientation of the
implant
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Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion

o Action
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- Action X
Introduction . Active system : robots M

History
Basics
TKA
HTO
ACL
THA

Conclusion

Passive system : navigation
sFreehand

oToQI\_fs are localized in the 3D space in real
~time i-{vith respect to the bones
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Introduction \,ctlon‘ A

History eRobotized cutt-ivhg guides
Basics .

TKA

HTO

ACL

THA

Conclusion
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Introduction \Act, ’0” E

History «Robotized mi_II-i;,’n."gx guides

Basics

TKA

HTO

ACL e
THA e

Conclusion [
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Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion
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Actmn
Navigation of cuttlng guides
TKA
HTO
ACL
THA

Conclusion
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Introduction NEEE.E

History Navigation of cutting guides

Basics “ ‘ \ " §oR, |
' - - , . Guidage Tibia P cucne [ T i'/G

n i ‘ Y ¢
HTO \ ¢ \, ' i ‘, Hauteur de coupe
ACL "y
THA

8mm

Pente tibiale

Varus

Conclusion

Aligner |le guide de coupe tibial

- s

R | o SO

AP o L Al
0 0 v Eo

! B kel MO
iR é Tl
\KC*;'\‘ Ay .( .'. ¥ !
LR ,‘ E Al )
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Introduction
History
Basics

TKA

HTO

ACL

A =D ) ayr— 1 B =

THA Il e 1 =l G|

Conclusion

7 000 cases / Year / France
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~eIntegration of bricks
Introduction |

History
Basics
TKA
HTO
ACL

THA e
l -Ankle center : Same brick

-Hip center : Same brick

-Knee center : Specific solution

Conclusion

-3D Planning

%
. \
AT

Computer Assisted Surgical Protocol - CASP
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eKnee center

Introduction

-No access to the joint
-Mixed approach
-Man / Machine synergy

History
Basics
TKA
HTO
ACL
THA

SOMMER, H.J., Determination of first and second order instant
screw parameters from landmark trajectories.

Mechanical Design, 1990: p. 141-142.

Conclusion
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Wzl (X

v ) FTPY

Introduction

-No access to the joint

History -Mixed approach

-Man / Machine synergy

Basics 2

PCINTS DE SECURITE
CENTRE HANCHE
| ‘ \ ENTRE CHEVILLE

FLEXION-EXTENSION

HTO CENTRE GENOU
AC L ' DISTANCE A LEAXEL AT v

Numériser I'épicondyle LATERAL avec le palpeur, en vérifiant la distance a I'axe de

tttttttt du genou. PRALIM

Conclusion

| Expert steering
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eIn the OR

Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion
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Introduction
History
Basics

TKA

HTO

ACL

A =D ) ayr— 1 B =

THA Fupy _/__;;;_\_/_ "

Conclusion
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“eAnterior Cruciate Ligament Replacement
Introduction | |

History eThe chaIIenges
Basics

e[sometry
TKA eAvoid impingement

HTO
ACL
THA

Conclusion
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~eAnterior Cruciate Ligament Replacement

Introduction

ePlanning
History e Projection of the tibial pdint/ Femoral notch projection
Basics e Compute the anisometry map
TKA
HTO PN, e
ACL | ‘o)
THA
Conclusion | \ \ e

DEFAVORABLE

eFor a specific tibial péint choose the best location of the femoral point
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Introduction )
eAction

History
Basics

TKA
HTO e Attache a rigid body

o Take the usual guide

ACL ePerform the calibration

THA

Conclusion

o Drill the tunnels with the
help of the GUI
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“eAnterior Cruciate Ligament Replacement
Introduction | :
eImpingement

History e ——
Basics ‘ |
: N / 3 \"\

TKA
HTO
ACL
THA

Conclusion

M
‘

. » Digitized the anterior fiber of the graft
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Introduction
History
Basics

TKA

HTO

ACL

THA

Conclusion



Introduction
History
Basics

TKA

HTO

ACL

THA

-

(\
F A
Blind surgery or quantitative surgery ? |

Conclusion



