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1	   …What is a TKA?  …



The	  first	  ‘arDficial	  knee’	  implanted	  in	  May	  1890	  

Themistocles	  Gluck	  



1900-‐1950	  knee	  arthoplasty	  	  ~	  	  resurfacing	  

Campbell’s	  opera-ve	  orthopaedics.	  	  
Mosby	  Company,	  1963,	  p	  1081	  	  

Campbell	  W	  (1940)	  Am	  J	  Surg	  47	  (3):639-‐641.	  	  



	  	  	  	  1940’s	  	  Customized	  implants	  

The	  Smith	  Petersen	  mould	  arthroplasty.	  	  

From	  Jones	  WN	  (1969)	  Mold	  arthroplasty	  of	  the	  knee	  joint.	  CORR	  66:82-‐89	  	  



Modern	  TKA	  1970s’:	  

Mickael	  Freeman:	  Imperial	  College	  1970	  



	  	  	  	  	  	  	  	  	  Modern	  TKA	  1970s’:	  

J.	  Insall	  	  &	  C.	  Ranawat:	  New	  York	  1973	  



§  Manufacturable	  implants	  

§  Surgical	  technique	  

§  Instrumenta6on	  

§  Bone	  fixa6on	  

§  Design	  

§  biomaterials	  

1970’s	  	  
1980s’:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ☞	  TKA	  is	  now	  a	  ‘mass	  product’	  



TKA	  is	  not	  anymore	  a	  ‘resurfacing’	  

•  Sizing	  
•  KinemaDcs	  

•  RotaDon	  
•  Alignment	  

•  Patello-‐femoral	  



2	   … Sizing …



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Only	  one	  size	  for	  Total	  Condylar!	  1970-‐1980:	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  Propor-onal	  evolu-on	  1980-‐2000:	  



Varia-ons	  of	  shape	  	  

closer to 1 whereas Type II femurs have a higher ratio and

are more rectangular in shape. Type III femurs are more
triangular with a smaller AML/PML ratio whereas Type IV

femurs are more rectangular. A smaller MAP/LAP ratio

implies a lesser angle between the anterior and posterior
condylar axes, indicating a Type V femur, whereas the

anterior and posterior condylar axes are more parallel to

one another in Type VI femurs. Three ratios were also
calculated on the tibia: ML/AP, lateral plateau width/lateral

plateau height (LPW/LPH), and medial plateau width/

medial plateau height (MPW/MPH).
Curvature of the femoral condyle and tibial plateau are

integral in dictating normal knee motion as curvature of the
lateral and medial condyles is one of the main factors

affecting knee kinematics. In general, a more curved knee

has a higher ROM. To accurately map, and therefore analyze,
the femoral condyle curvature, three profiles were used to

approximate the most prominent contact points on both the

medial and lateral sides and the patellar groove. The medial
profile was calculated by defining a plane that passes through

the most anterior, distal, and posterior points on the medial

condyle. This plane was then intersected with the distal
femur and the resulting contour was resampled into 50

equidistance points. This profile contour represented the

most protruding points on the medial condyle surface.
Similarly, the same method was used to calculate the lateral

profile. To accurately calculate the curvature of the sulcus, a

set of contours were extracted by intersecting the distal

Fig. 6 A diagram illustrates the six classifications used to describe
femoral shape based on three normalized ratios. Type I and Type II
classify femoral shape relative to mediolateral width/anteroposterior
height (ML/AP), Type III and Type IV classify femoral shape relative
to anterior mediolateral length/posterior mediolateral length (AML/
PML), and Type V and Type VI classify femoral shape relative to
medial anteroposterior height/lateral anteroposterior height (MAP/
LAP).

Fig. 7 Mapping of the distal femoral curvature shows the medial, lateral, and groove profiles.
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AP	   AP	  

ML	   ML	  

2003:	  
Hi5	  	  Jbjs	  (Am)	  2003	  

Narrow	  implants	  



	  	  	  	  Trapezoïdicity	  ra-o	  2016:	  
Bonnin	  et	  al	  BJJ	  2016	  

DigiDzed	  explants	  database	  
Implants	  are	  too	  rectangular	  



How	  many	  sizes	  /	  shapes	  do	  we	  need	  now?	  



ProporDonal	  evoluDon	  (even	  millimetric	  
increment)	  do	  not	  solve	  the	  problem…	  



3	   … Gap balancing …



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Gap balancing?



‘The world according to Gap’



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘ligament release’

Adapt the soft-tissue to the non-anatomic prosthesis



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘Femoral rotation’

Adapt the position of  the non-anatomic prosthesis in the envelope



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘Femoral rotation’
Bonnin	  et	  al.	  BJJ	  2017	  



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘Tibial rotation’ Bonnin	  et	  al.	  JoA	  2010	  
Bonnin	  et	  al	  KSSTA	  2015	  



4	   …Alignment…



Mechanical	  alignment	  (J	  Insall)	  



Mechanical	  alignment	  (J	  Insall)	  

Anatomic	  alignment	  (Hungerford	  and	  Krackow)	  



Mechanical	  alignment	  (J	  Insall)	  

Anatomic	  alignment	  (Hungerford	  and	  Krackow)	  

KinemaDc	  alignment	  (	  S	  Howell)	  



A non anatomic implant in a non extensible 
enveloppe

Mechanical	  
alignment	  

Ligt	  
balancing	  

Rectangular	  
gaps	  

RotaDon	  

Sizing	  

KinemaDc	  
alignment	  



5	   … Kinematics …



Multiradius vs Single radius?

resonance imaging scan. Varus knees had medial joint-space
narrowing on the radiographs and medial wear on the mag-
netic resonance imaging scan. Valgus knees had lateral joint-
space narrowing on the radiographs and lateral wear on the
magnetic resonance imaging scan. The study consisted of 155
varus knees and forty-four valgus knees.

An oblique sagittal magnetic resonance imaging scan
of the treated knee was obtained with a 1.5-T scanner and
a dedicated knee coil (General Electric Medical Systems,
Milwaukee, Wisconsin). The plane for the nonorthogonal,
sagittal scan was based on the use of coronal and axial localizer
images that projected the femoral condyles in approximately
the same plane as that in which the tibia flexes and extends
about the femur. Coronal, axial, and sagittal high-resolution
localizer images were obtained with a 4-mm slice thickness, a
1-mm spacing/gap, a 256 · 224 matrix, one excitation, and a
24-cm field of view that yielded nine slices in all three planes.
The localizer image in the coronal plane that represented
the largest projection of the distal femoral condyles was used
to adjust the varus-valgus orientation of the plane of the
nonorthogonal, sagittal scan. The intersection of the non-
orthogonal, sagittal scan plane and the coronal plane was
aligned perpendicular to a line connecting the cortico-
cancellous bone interface of the distal femoral condyles (see
Appendix). The localizer image in the axial plane that repre-
sented the largest projection of the posterior femoral condyles
was used to adjust the axial rotation of the plane of the
nonorthogonal, sagittal scan. The intersection of the non-
orthogonal, sagittal scan plane and the axial plane was aligned
perpendicular to a line connecting the corticocancellous bone
interface of the posterior femoral condyles (see Appendix).

Because the contour of the posterior femoral condyles
from 10! to 160! has a single radius of curvature and a single
axis9, and because the tibial-femoral axis of the femur about
which the tibia flexes and extends is equidistant from the
distal and posterior articular surfaces of the femoral con-
dyles5, the femoral condyles are projected as both circular in
the nonorthogonal, sagittal imaging plane and perpendic-
ular to the tibial-femoral axis of the femur about which the
tibia flexes and extends. A two-dimensional, nonorthogonal,
sagittal scan was then acquired with use of the following
parameters: fast-relaxation fast-spin-echo proton density, 30
to 35-msec echo time, 2800 to 3400-msec repetition time,
31.25-Hz bandwidth, a minimum of two excitations with use
of a 16-cm field of view centered at the joint line of the knee,
256 · 224 matrix, 2-mm slice thickness, and no spacing/gap.
The length of each side of a pixel of the oblique sagittal image
was 0.31 mm.

The radii of the femoral condyles were determined with
use of a circle-fitting technique in which the femoral condyle
was assumed to have a single radius of curvature from 10! to
160!5,6,9. The femoral condyle was magnified two to three times,
and the radii of the four adjacent images representing the largest
curvature of the medial and lateral femoral condyles were cal-
culated from an overlay of the best-fit circle with image-analysis
software (OsiriX, version 3.3.2; http://www.osirix-viewer.
com)10-12 (Fig. 2). The average of the radii on the four adjacent
images was considered to be the radius of the condyle.

To determine the clinical varus or valgus angulation, the
coronal alignment of the knee was measured preoperatively
with a 30.5-cm-long goniometer while the patient was supine
and non-weight-bearing.

Fig. 2

The method for overlaying a best-fit circle (white circles) to the subchondral-cancellous bone interface of the femoral condyle is shown for a varus knee. In
the top row are overlays of the best-fit circle from 10! to 160! on the four adjacent images showing the largest projection of the medial femoral condyle.
In the bottom row are the overlays on the lateral femoral condyle. A software tool calculated the area of each circle from which the radius was
determined12. The radius of a condyle was the average of the radii on the four adjacent images.
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TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 92-A d NU M B E R 1 d JA N UA RY 2010
RA D I I O F T H E ME D I A L A N D LAT E R A L F E M O R A L C O N D Y L E S I N

VA R U S A N D VA L G U S KN E E S W I T H OS T E OA R T H R I T I S

Hollister	  CORR	  1993,	  Howell	  et	  al.	  JBJS	  Am	  2010,	  Monk	  et	  	  al.	  BJJ	  2014	  

Some	  knees	  are	  mul6radius	  others	  are	  single	  radius	  



 Matching contours with ‘standard implants’



 Matching contours with ‘custom implants’



6	   …Were do we stand 
today?…



year	   	  	  	  	  	  	  	  	  Science	  and	  indusry	  	  



year	   	  	  	  	  	  	  	  	  Science	  and	  indusry	  	   TKA	  manufacturing	  





CT-‐Scan	  



Custom	  guides	   Trials	  



Fine	  tuning	  the	  level	  of	  Dbial	  cut	  



Custom	  implants	  



PreservaDon	  of	  bone	  stock	  



14°	   15°	  

Special	  morphotypes	  
Small	  pa6ent:	  141cm	  



Special	  situaDons	  



	  	  	  ‘Standard	  paDents’	  



“Imagining something is better 
than remembering something.” 

Conclusion	  


