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How to manage the third space 
in TKA? 
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• First and second spaces – historically important flexion and extension 
spaces (the Third Space)

• We accept we will balance these as part of knee surgery

• Third space is patello femoral joint AND extensor hood apparatus AND 
soft tissues of quads AND medial AND lateral retinaculum

• Highly innervated soft tissue, highly variable movement, highly 
demanding for the surgeon!

What is the “third space”?
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Third space =
Patella and 
extensor hood
NOT just if the 
patella is 
resurfaced or 
native

ü20% patients dissatisfied with TKR
ü45% Anterior Knee pain (AKP)
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And how do we know that?
• AKP is the same,  Native = Resurfaced

• Secondary patella resurfacing does not address AKP

• Its about the whole highly innervated extensor hood, its tracking and 
tension and balance

• It’s a function of tibio-femoral stability
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What do we know 
about patello-

femoral kinematics?

• Not much20
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Dynamic FEA Model
Allowed rapid prediction 
of different design ideas 
on motion of the knee. 
Allows appreciation of 3 
Dimensional dynamic 
movements
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Model for soft tissues
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MUSCLE FORCE

TE
N

D
O

N
 F

O
R

C
E

RESULTANT 
FORCE

Tendofemoral Sharing 
& Patella Loading

• Moderate Knee Flexion
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MUSCLE FORCE

TENDON FORCE

RESULTANT 
FORCE

High Demand Knee
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Predictive model
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• Key angle 0-30 degrees

• Movement variable on surface 
of flat area of trochlea 
(unconstrained)

• Retinacular fibres guide until 30 
degrees

• Patella commits to groove, 
becomes anatomically stable. 
(constrained) Retinacular fibres 
loose

Patello-femoral mechanics - 
the changing character
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Patella Tracking: 

Funnel Effect
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Patella resection
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Balance pat/fem joint?
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Balance?

10mm replaced by 6mm = -4mm10mm replaced by 6mm = -4mm

Would you accept 4mm mismatch Would you accept 4mm mismatch 
in flexion/extension gap in flexion/extension gap 
balancing?balancing?

2mm replaced by 6mm = +4mm2mm replaced by 6mm = +4mm
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Muscle Force

Tendon Force

Overstuffing the third space
7mm further quads 
tendon travel,
Increase quads 
pressure 1.7x

Understuffing the third space
6mm laxity into 
quads tendon
Works 2.3x harder
for extension
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FEMORAL PREP
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 FINE TUNING of 
FEMORAL POSITION
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Summary – so far……..
• Balance the third space/position and size the femur
• Relevant in higher TKR function
• Neglected up til now
• Understand the flexibility and effect of femoral positioning
• Balance flexion/extension gap AND the third gap
• The importance of Pat/fem and Mid flexion instabiltiy
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What else are we doing wrong?
• Balancing the third space

• Femoral orientation
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Variable axial alignment
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Why is that suddenly important?
• Recent interest in different alignment last few years 

• The Chitranjan Ranawat award: is neutral mechanical alignment normal for all patients? The concept of 
constitutional varus.

• Bellemans J, Colyn W, Vandenneucker H, Victor J.
• Clin Orthop Relat Res. 2012 Jan;470(1

• Because it takes so long to develop a TKR, all TKRs today are designed 
for 0 degrees mechanical axis +/- 3 degrees
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http://www.ncbi.nlm.nih.gov/pubmed/21656315
http://www.ncbi.nlm.nih.gov/pubmed/21656315


Limb malalignment & TKA 
survival

Lewallen DG
JBJS 66A, 1984

Post arthroplasty alignment

Neutral 0º +/- 4º

Valgus knees ≥ 5º

Varus knees ≥ 5º
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New Alignment

•Navigated 100% ± 3º

•Conventional 87% ± 3º
•

p=0.0001

Degrees deviation
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What affect does altered femoral 
alignment have on the third space?

Q angle 3 degrees
Every single TKR on the 
market has been designed 
for 0 degrees mechanical 
alignment
Tibia at max 6 degrees varus 
(restricted kinematic) 
Resulting Q angle is -3 
degrees
Desired Q angle +3 degrees
6 degrees of patella 
maltracking…….
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Data?
• Alignment philosophy influences trochlea recreation in total knee arthroplasty: a comparative study 

using image‐based robotic technology 
• Jobe Shatrov1,2 · Benoit Coulin1 · Cécile Batailler1 · Elvire Servien1 · Bill Walter3,4 · Sebastien 

Lustig1 
• Received: 19 August 2022
• International Orthopaedics https://doi.org/10.1007/s00264-022-05570-3 

• Higher proportion of patella complications in those KA knees revised20
23
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Will TKRs perform outside their design 
envelope?

• Remember, every available TKR designed for 0 degrees -/+ 3 degrees
• No new knees released that are designed for KA or restricted KA
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Probabilistic Analysis

• What if we do this? 
• How does it effect the function and 

movement of the implant?
• What are the probabilities that it will 

perform?
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CR knee
0 degrees --6 degrees Poly pressure
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Medial pivot knee
0 degrees --6 degrees Poly pressure
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Each implant will react differently 

• Check with your company before you try the sexy new Alignment!
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Summary 

• The third space is functionally important
• We can balance/control the third space
• TKR design has changed to replicate trochlea function (rather than 

“capture the patella”
• New alignment techniques will also affect the third space
• Not all TKRs will perform well with new alignment approaches
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