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Mechanical alignment

1. Definition ?
2. Important targets ?

3. How do we best achieve it ?



Understand 
Our 

Patients’ 
Anatomy



• 250 asymptomatic patients (20 -27 years)

• All patients had full-length standing x-rays

• Results
– 32% of males > 3° constitutional varus
– 17% of women > 3° constitutional varus



KINEMATIC ALIGNMENT



« HYBRID » ALIGNMENT
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« MECHANICAL » Alignment



n = 6070 PTG



Post operative Mal alignment

• Deviation of more than two or three 
degrees from this alignment, particularly in 
varus, has been associated increased 
rates of aseptic loosening and failure 

Bergen et al, CORR, 1983
Berend et al, CORR, 2004
Fang et al, J Arthroplasty, 2009
Insall et al, CORR, 1985
Jeffery et al, JBJS-Br, 1991
Lewallen et al, JBJS-Am, 1984
Moreland JR, CORR, 1988
Ritter et al, CORR, 1994
Tew and Waugh, JBJS-Br, 1985



• Lotke PA and Ecker ML, JBJS Am 1977: Short X-rays

• Hvid I  and Nielsen S, Acta Orthop Scand, 1984: Short X-rays

• Rand JA and Coventry MB, Clin Orthop, 1988: Short X-rays

• Bargren JH et al., CORR, 1983: Short X-rays

• Moreland J, CORR, 1988: Review

• Berend ME et al., CORR, 1988: Short X-rays

• Jeffery RS et al., JBJS Br, 1991: Full-length X-rays

Historical Background



Tibial loading ? 

5 instrumented 
TKA 

1° varus
= 5% loading 





« ... » However, KA TKA increased the contact 
force, stress and bone strain at the medial side
for moderate and severe varus knee models. 
The application of KA TKA for severe varus 
knees may be inadequate. « … »



Mechanical alignment

1. Definition ?
2. Important targets ?

3. How do we best achieve it ?



TKA Dogma 

Remove Varus in the tibia 
Remove some valgus in the femur
Change the joint line 
«Balance the ligaments »  



Gap: Extension - Flexion

Présentateur
Commentaires de présentation

  But don' t forget that rotation of the cuts directly influence the orientation of the implant and the anterior space. The design of the trochlea must be adapted. Moreover this anterior space in extension must match with the anterior space in flexion. This anterior space leads us to consider the femorotibial prosthetic joint line.



Distal cut

α

Femur Rotation

α



MA technique
“systematic approach”

F flexion similar

F distal cut perpendicular to femoral mechanical
axis

     
   

F posterior cut - external rotation/PCL
- measured resect° or gap balancing 

T frontal cut perpendicular mechanical axis of tibia    
   

T slope 2 to 7° posterior slope   

T rotation towards ATT   



MA technique
“systematic approach”

F flexion similar

F distal cut perpendicular to femoral mechanical
axis

     
   

F posterior cut - external rotation/PCL
- measured resect° or gap balancing 

T frontal cut perpendicular mechanical axis of tibia    
   

T slope 2 to 7° posterior slope   

T rotation towards ATT   



Mechanical alignment

1. Definition ?
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Standard technique ?





Navigation



Prospective Randomized Trials

Conventional Manual Navigation vs.
Computer Assisted Optical Tracking Navigation

Sparmann et al. JBJS 2003
Grifka et al. Orthopedics 2004
Stockl et al. Clin Orthop 2004
Haaker et al           Clin Orthop 2005

* All demonstrate statistically significant
improvement in alignment parameters between CAS 
and Manual TKA



“Clinical studies have demonstrated that CAS reduces the 
number of outliers in component positioning and leg alignment as 
reported in the study by Lützen et al. Similar results have also 
been reported in a meta-analysis of level-I studies. ”

” Unfortunately, the total time spent in the operating room and the 
lack of clinical amelioration has tempered its uniform acceptance 
by the surgical community. ”

Lustig et al.



Saving time ?



Can Patient Specific Instruments
Extrapolate CAS Data ?

20% mismatch > 3° for all parameters

35% mismatch > 3° for sagital
positionning of the femur

« Mistakes » up to 8° for the frontal 
plane and 13° for the sagittal plane



” (…) the error for total coronal alignment 
exceeded 3° for 27 % of the sample (…) “

n=30

“(…)Despite good coronal alignments of the 
single prosthetic components, the lower limb 
mechanical axis was not restored correctly in 
a number of patients. (…) ”

n= 50



20 vs 20





Smart Instrument

« ... »  Accelerometer-based, portable 
navigation has a statistically similar outcome
in alignment following TKA as IM guides. It is
noted that using the portable navigation 
device does prolong surgical time compared to 
conventional IM surgery and this may be due 
to the learning curve. « ... »

Accelerometer-based, portable navigation 



Robotic ?



Take Home Message

–Targets :
• Femur 90°
• Tibia 90°
• External rotation femoral

componant / compensate
asymetrical distal cut

– Standard technique
– Technology ? 

• Navigation ++



Thank You
sebastien.lustig@gmail.com
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