
   The learning curve in Knee Arthroplasty 
when changing prosthesis 

    
  

Jean-Noel Argenson,                                    
Matthieu Ollivier, Xavier Flecher, Sebastien 

Parratte   
Institute for Locomotion                                               

Sainte Marguerite  Hospital,                              
Marseille, France 



WHY CHANGING ? 

Changing for innovation  



INNOVATIONS  IN THE 21st CENURY 



Long Term Results of Innovations  



Innovations for the Orthopedic Surgeon ! 



New Patient Expectations 



Consequences for Arthroplasty?  



Give The Correct Message 



What else ? 



A full load (2 X BW) 
physiologic lunge activity 
was simulated using a 
KUKA KR500                                 

 
 
 
6 degrees of freedom 

robotic arm: Force-
torque control were taken 
from joint kinetics from live 
patients during the lunge 
activity  6 degrees of freedom Oxford rig  

Knee : Six degrees freedom rig 

Argenson and 
O�Connor, 1990 

2010 

Innovations in Research for design 





Transmission 



Improving Design of TKA 



ACL Retaining            PCL Retaining             Posterior Stabilized       PS: Flat Insert          Single Radius 

Rotating Platform                  PS RP                              PCR RP                   PCR APG                  PCR MBK 

 Richard D. Komistek, Ph.D.  
University of Tennessee, Knoxville, TN 

Design Considerations Related to Anatomy 
or Kinematics ? 



Sizing/Shape Refinements 
 
 
 
 
 
 

12#A/P#Sizes#
Sz#1%12#2mm 

Standard 
Narrow 

2#M/L#Widths#
Standard/Narrow#

Personalized Fit 

High-Fidelity Femoral Sizing 
+ 

!  21 distincts femoral profiles 



Implant AP Axis Direction 

Mid Box Point 

Normal To Implant  
Distal plane 

•  Align Implant AP axis and Distal plane normal to 
bone projected AP axis and resection plane normal 

Optimizing standard design for a 
Personalized solution 



Intra-operative Continuum of Stability 

•  Asymmetric 
femoral condyles 

mated with 
asymmetric art 

surfaces 

• 1mm 
increments 

 

 

• Maintain High 
flexion 

Kinematics 

• Reduce sharp 
edge contact 
MCL/LCL  

• 1mm 
increments 

 

•  Increased 
lateral 

mobility                       
Enhanced 

post 
geometry               

1mm 
increments 

 

• Intermediate 
constraint b/t  PS 

& CCK 

• Moderate V/V & 
rotational 
constraint 

• 2mm increments 

 

Constrained Posterior Stabilized 
(CPS) Cruciate Retaining Ultracongruent Posterior Stabilized 



Change for “Intelligent” Instrument  

!

!

!

!

!



Changes for me 

1.  Do not change saw for chamfer cuts 
2.  No additional box cut guide 
3.  No compromise for tibia positioning 
4.  No manipulation for insert change 



Lessons from the past 



Evaluation is key  

Long term studies 
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Real Innovations ?  



Risk of early revision when knee prosthesis  
introduced into practice  



Differences in short term survival  



Differences in learning curve  



Real Innovations ?  

!  Higher risk of revision for the first 30 implants with one 
prosthesis 

!  Surgical techniques for new implants should be practiced 
with models or cadavers before onto patients 



The IDEAL Recommendations  

•  Innovation 
•  Development 
•  Exploration 
•  Assessment 
•  Long-term study 

No surgical innovation without evaluation: 
The IDEAL recommendations. Lancet 2009; 
374(9695):1105-12 



The CUSUM evaluation technique  

! Quantitative assessment of individual 
performance with methods such the 
Cumulative Sums  

Quantitative and individualized assessment of the 
learning curve using the LC-CUSUM. Biau DJ, 
Williams SM, Schlup MM, Nizard RS, Porcher R. Br J 
Surg. 2008; (95):925-29 



Validation of the CUSUM test for the 
assessment of a learning curve: application to 
introduction of PSI for TKA in an academic 

department  

!  CUSUM test showed that positioning of the 
PS templates significantly differed from the 
target 

!  Study interrupted after 20 cases  
 De Gori M,Adamczweski B, Jenny JY. Knee. 2017; 
24(3):615-21 



The learning curve for MIS Oxford phase 3 
UKA: cumulative summation test for learning 

curve (LC-CUSUM)  

!  Group A (first 25 cases):2 revisions, 2 
dislocations, 1 lateral OA 

!  Group B (26 to 50 cases): 1 revision for 
fracture  

 Zhang Q, Guo W, Liu Z et al. Arch Ger.2011             
53(1):5-9 



How to chose for design?  



Choices 
• Use new TKA 
" Defer pre-op plan 
" Depend on rep. 



Real Innovation ?  



 Reproducibility ! 
Right Left Right Left 

What is important for the surgeon ? 





« Automatic Surgery » 



Evaluate consequences of your cuts 



More difficult 



• 6° Valgus 

Femur – “Average” 



Tibia – “Average” 

• 0° Coronal 

• 7° Sagittal 



Innovation from Industry . 



Education from Institution 



Education: fellows 
ASSISTANCE PUBLIQUE 

HÔPITAUX DE MARSEILLE 
And 

INSTITUTE FOR LOCOMOTION 
And 

AIX-MARSEILLE 
UNIVERSITY 

WELCOME THE 
2017 European Knee Society 

TRAVELLING FELLOWS 
Dr José Smolders  
Dr Stefano Campi 
Dr Tom Piscaer  

Dr Luc Vanlommel 



Visitors 



Solutions in 2020 ?  
 Navigation  

Patient Specific 
Instrumentation 
 
 

Robotics 
« Intelligent cutting 

guides » 



TOWARDS THE NEXT GENERATION OF 
ROBOTICS 

1st Generation 2nd Generation 3rd Generation NEXT 
Generation 

Accuracy ++ ~ ~ ++ 
Compact system -- -- + ++ 
Seamless setup -- - + ++ 
Fast burring + - - ++ 
Surgeon involved - ++ ++ ++ 
Cost effective - -- + ++ 



THE CORRECT PRICE OF TECHNOLOGY 



No  revolution, 
just evolution… 



Never be the 
first, never be 

the last… 



Avoid changes during 
the first five years of 

your practice… 



2020 Knee Arthroplasty Surgeon 

  
Patient Prediction 

Procedure Indication 
Procedure 

Realization  



Final program on 
website today 


