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PASSIVE SYSTEMS
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Real-time feed back
on the location of :

-Therapeutic objects

- Surgical instruments
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SEMI-ACTIVE SYSTEMS
The surgeon is guided in a

restricted volume
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‘|| Synergistic robots
‘.:"“ Collaborative robots

Impeachment robots

http://www-timc.imag.fr/
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ACTIVE SYSTEMS
Active robots which performs
Part of the surgical procedure

Guiding
systems
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Active robots
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Based on per-op planning
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History Localization : non deformable Objects
Basics = Bones or surg‘i_gél‘t'ools

TKA - elLocation

eQOrientation
HTO

el | =
THA ] : ®

Conclusion ;

b Ret S /
‘ camera - | 3D rotation matrix and the translation

TR il matrix to compute the transformation

from Ref,, to Ref,,

Ref,
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2 3D Localizers

Localizer = 1 Source + 1 Sensor

=Optical localizer With! two 2 Dimensional sensors
TKA by )

HTO
ACL
THA

Conclusion
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2 3D Localizers

Localizer = 1 Source + 1 Sensor

e x: POLARIS® . Technical Specifications
; Accuracy
0.38 mm 30 RMg™

=Polaris :
TKA -

HTO Workstation Interface
{ Interface R5-232/422
ACL ! 4 Max Data Rate 115 kBaud
THA & h k Position Sensor
| ’ Weight kg
Conc|usion { T Mounting 1/4" thread tripod mount
fier T % L Dimensions 500 mm % 80 mm x 120 mm

enhanced Tool Interface Unit
Weight 5 ky
Dimensions 320 mm 130 mmx 200 mm

Power Requirements
hrybarid 100/1 20i2200/240 Y, 50/60 Hz, 2.5
A

passive 100-250, 50/60 Hz 0.8 A

*ahove weights and dimensions are approximate

10/09/2007

10



| C uter A55|sted Orthopaedic Surg
- 39 Localfzets

Optlcal system.s\ :

Basics
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HTO

eInfra-red sensors

¥ [

Basics

ACL e
Emitted by the DRB
iy - _ h ' _ :
Conclusion [l Reflected by the DRB e, =T
- Wave length 880 nm
Ry
“In the OR one can find
. 70000 Lux gl
400 et 500 nm N

paedic Surg

\3’9 Localizers

Optical sys'temsa]""

Basics gt e i
*Active systems
TKA T BT
HTO i
Drawbacks
ACL : Cables on the
THA operating field:
Conclusion & . ‘ Batfg—:‘ries By
Active emission of light ,a'-'-"'\Neight
: = source of energy T
i'}"lb‘-*ﬁ L “3&5_% ! ' Sterilization issues
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v 3D Localizers
v 0 09
Optical systems: : :
‘ o ki, Drawbacks
=Passive systermi= i ' Single use

Sensitive. to
surrounding light .~

Passive = reflectors

Cheap

Light

_Can be set on any. type of instrument
‘ -u\ !

paedic Surg
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\.3,9 Local_fze?

Optical systems.

-Vision of the camera

Vision of the optical system
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. Application: TKA |
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40 000 TKA / Year / France

8 000 Uni / Year / France
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-« The challenges

= The challenges : two faces
TKA |
HTO

=Geometric challenge
<Align the implants with respect to mechanical axes
ACL a ‘ . TR

THA ,_;:»P-_Furit:tional challenge :

. '+ ePerform a good ligament balance

Conclusion 5 4

; ',ijtﬁough;\mobility
. /| =Enough stability
i L ,Ei‘ s kqﬁ ‘g\,.,n_:
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e challenges

e The challeng ‘$ : two faces

TR
TKA -Geometrlc challenge
HTO A =Align the |mplants with respect to mechanical axes
ACL b | e i
THA s -Functlonal chaIIenge

. =Perform a good ligament balance
Conclusion

<Enough mobility

<Enough stability
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= Functional challenge
-Ligament balancing

TKA TR '
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= Functional challenge
eLigament balan%lng
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eInstability
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WeII align knee (HKA ~ 180°): Good cuts
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* Well align knee (HKA ~ 180°): Excessvecuts‘
‘ * Gap

wr
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‘ a

* Increase PE.

wr

LaX|ty in extension

WeII align knee (HKA 180°): Insuff|C|ent cuts
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cuts
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* Excessive constraint

 Distraction

|

* Constraint
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. Application: TKA |
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The solutions

| Comuter Assisted Orthopaedic Surc

: The solutions

Build a SPECIFIC“‘rjjbjdeI of the patient under surgery

-Build the specific GEOMETRY of this patient
LG " <Align the prosthesis with respect to the patient axes
HTO : b

ACL
THA

*Hip center

%nee center

\ .

Conclusion

eAnkle center

Rt P i b
~eLocalize in 3D the joint centers
=Build reference planes

AN
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\T'T}B solutmns

Build a SPECIFIC'mo‘deI of the patient under surgery

-Bwld the spemftc&'MORPHOLOGY of this patient
TKA

HTO
ACL

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

THA ;

Conclusion
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Pros and Cons

solutmns

CT based approacm

TKA . ., =Pre-operative plannlng

‘ *Cost — Radio protection issues

HTO =Archiving and communication of images : PACS
ACL *No |ncreasmg time for acquisition and planning

THA -CT mcludlng H|p Knee Ankle

- f-Setup time ,
Conclusion @ 'wlntra—operatlve reglstratlon (time consuming/accuracy issues
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Pros and Cons
=Non |mage basek;ir'system

TKA - «Simple

~ eLow cost — No radiation
HTO =Integration of intra-operative data
ACL e =ND reglstrath)n |ssue

THA e Increase the operative time -

Conclusion DoAYy | ACQUISITION | FTPG K@ [®DAyy | AcQuUISITION | FTPGED
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Non Image basedY
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N .
< Perception
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¥4

TKA
HTO =Geometric data

’ *Axes ;
het B 3 =Hip center
THA _ : d 1| elnee center

_ =Ankle center
Conclusion

*Morphologic data
eBone surfaces

%

pbints with a 3D probe
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*None image based approach

-Kinematics approach

TKA

HTO T T

ACL e =Search of a point C of R, With the
bi gt 1 Eee - minimum trajectory during the

THA 7 Tal . acquisiton motion

Conclusion SN i Tb1

Tc1
. ' ‘Td1
.TCO Tdo
Hip Center

| Com

‘approach

-Morphologic approach
TKA I
HTO - ' | 4 _"’"‘1{

ACL e
THA g i i) et L
Conclusion { + Y
A
.\
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R Perception

-None ir_naije’ bas
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TKA
HTO

i
ACL

THA

Conclusion
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=Percutaneous digi {o]aNelWeIo]Ig} &Ml -Geometric approach

| Comp

TKA
HTO
ACL
THA
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eError
=Slope
es\Varus

=Valgus
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CAOS Santa fee 19-22 Juin 2002

s Perception. [ Ankie center ||
-None image based approach
Errorin © SsMI — SsME — Consequences on the slope
TKA 08
HTO 05 - < ‘
ACL .| 04 g SR g
* * o *
THA '.#_"l’ 0,3 ..".' = * = . * o .
Conclusion d 0o * ¢ ¢ S 00 ©
B LR A X -
o) * * * *
0,1 S g
0 ; ; ; ; ;
| 10 20 30 40 50 60
| -0,1 _ e
Patient
0,2
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{_/\'

» F P Ed

Hanche
Cheville
Epine
Echancrure

Corticale

m Condyle

Gleéne

hia

glissant |a pointe du palpeur sur le fémur, vérifier la précision du maodéle

aedic Surgery |

igp? ﬁ
¢ w
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<Femoral shape BOne morphing

meptfoﬂ I . Morphology l

-Quadtree (Lavalleé) hlerarchlcal division of the 3D

TKA volume to apply global and local deformation

HTO
ACL
THA

Conclusion
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T

%ﬁ%‘&;ﬁnorphologic data

S“MDGRJ}'] \J Planning Tibia } wae BT PG

Lcs

TKA

Taille implant

H TO y Hauteur de coupe
:;‘ — . Q9 6 mm
AC L ] . Pente tibiale
t @9 K=
THA Varus
| 20 Ea
Conclusion § Latéral

%3
Antéro / Postérieur

0 mm

Rotation axiale

Tibia=78.4 mm>,
(3.5, -2.2) N
Fémur=Std+

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

fige ST ]

| Computer Assisted Orthopaedic Surgery |

« ynamic per-operative data

TKA e >

HTO i
ACL 3 6 * Alignment

THA Y X
| Y W

* Quantitative
data on GAPS

Conclusion

¢

Rotation tibia:

20
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TKA

ACL
THA

Conclusion

'+ Test Eésiaual Iaxity" HipA leg stretched:  178°
HTO - sVarus MaX g

HKp.ﬂ:179°

1.0mm - c -

\f/

Tibial rotation 12 1.

TKA
HTO

ACL
THA

Conclusion

Ligament balance

Int. laxity HKA Ext. laxity
2.0 mm 179.1° 5.2 mm

v v

above spacer.
Reperform

Int. wedge Ext. wedge Press on the blue pedal to
1 mm 6 mm continue the protocol and plan
the femaoral implant with these
parameters
10 mm
l Press on the yellow pedal to
reperform laxity testing with the

10/09/2007
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Ia coupe tibiale
o< la pédale bloue
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¢ : oo R
4 ®DePuy Femur planning » ¥ FTPG
- — - LCS Complef

TKA
HTO

Implant size
@ 9
Insert
< KA 9
Flexum/Recurvatum

| oHE S

Medial/Lateral

ACL
THA

Anterior/Posterior
@ ]
Femoral rotation
< KA 9
Varus/Valgus

oA °

Height shift

Conclusion

Planning optimization

E Verlfy the proposed planning, possibly adjust the posmon and orientation of the
implant

&N
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L

HB(?_Puy' ,_‘J Guidag: Tibia ’ w =T G Ed
e
e
-—
- -

Aligner le guide de coupe tibial
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HTO

" Application :HTO'|

Conclusion

7 000 cases / Year / France
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K| hteg'ijati»o.n ___Qf_:jbricks

[ i

HTO : i\
THA o _ _

4
o ke
3k

Conclusion

-"“ f ! »ﬁé’ !
! Computer Assisted Surgical Protocol - CASP

10/09/2007

36



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

nd order instant

HTO
ACL
THA

Conclusion

| Computer Assisted Orth

“-Knee center .

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

CENTRE CHEVILLE| |

FLEXION EXTENSION |

HTO
ACL
THA

CENTRE GENOU |

N

dyle LATERAL avec le palpeut, en vérifiant La distance 8 Fxe de

PRA <M

Conclusion

I Expert steering
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-Inthe OR .

HTO
ACL
THA

Conclusion
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* Application: ACL |

Conclusion
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=lsometry
-Avoid impingement

ACL
THA

Conclusion

ACL
THA

Conclusion

-F!oq;a? épecific‘.‘tibiéiwm‘f’bhoose the best location of the femoral point
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Conclusion

- Attache a rlgld body a

{"-Perform the cahbr@po{?

Antenor»@rut;late ngament Replacement

| rf\ 4 ‘

ACL
THA

Conclusion

= Digitized the anterior fiber of the graft
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. Application: THA |
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100 000 cases / Year / France

| Comuter Assisted Orthopaedic Surg

°TotalH|pArth roplasty

Conclusion
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Offset -

THA

Conclusion
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. -Total H|p Arthroplasty

-Length -Centre of rotation
-Offset -Stability

= Anteversion of the cup

THA

Conclusion
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= Not an absolute reference
e Can be define on an X-Ray
<Change in supine' position

THA : ‘eInfluence anteversion

. values
Conclusion
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roplasty

-Reference plane

THA

Conclusion
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THA

Conclusion

Distance  la surface osseuse : 0.5 TN

THA

Conclusion

®
Foy
Corne Antérieure Corne Postérieure
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THA

Conclusion

‘ -Local bone morphing instead of global

rthroplasty

T, S

THA

Conclusion

| S

~y J
" | Appliquez une rotation au membre inférieur afin de trouver le centre hanche.
Lo

Incision

Point de Conflance

Installation F

Faosition Debout

Centre Hanche
Laxité

Coupe Col
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“'-'_I-'-.étal HlpArth !fqplasty

-Fine tunning of the implants

CUPULE Longueur-Latéralisation

Inclinaison: 38°

THA e

Conclusion
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Conclusion
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Blind surgery or quantitative surgery ?
e -

-~ A
gi - N

. =)
Conclusion
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