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Definition – „knee phenotypes“
Phenotype: 

A phenotype (from Greek phainein, meaning 'to 

show', and typos, meaning 'type') is the composite of 
an organism's observable characteristics or traits, 
such as its morphology, development, biochemical or 
physiological properties, behavior, and products of 

behavior.

Wikipedia 2018



Personalised medicine-
personalised TKA!

• Difference in terms of laxity, alignment, biology and

morphology

• Big data helps to understand the variability in our patient

populations

• Knowledge of the individual anatomy is key!



Laxity is different!

• „The envelope of laxity“

• Started getting

information about gaps

dependent from different 

knee phenotypes



Alignment is different!



Morphology is different!



The basics- the knee phenotype
concept



Limb phenotype (HKA)

Knee phenotype
Femur phenotype (FMA)
Tibia phenotype (TMA)

Functional knee phenotype

Material and Methods (1)
Femoral phenotypes

Tibial phenotypes

Functional knee phenotypes



HKA 
169°

HKA 
169°

Same HKA but...

FMA 95°

TMA 81°

FMA 
88°

TMA 
83°

FMA post 89° FMA post 93°

VARHKA12° VALFMA6°VARTMA6° VARHKA12° NEUFMA3°VARTMA6°



Arthritic (OA)

VALGUS Deformity (OA)

Varus thrust effect
Valgus thrust effect

VARUS Deformity (OA)

Knees 
rotate 

externall
y

Knees 
rotate 

internally

Mechanical alignment (NEUHKA0°VARFMA3°VALTMA3°)

5.6% males, 3.6% females

Anatomical alignment (NEUHKA0°NEUFMA0°NEUTMA0°)

18% males, 17% females

Restricted kinematic alignment (different phenotypes)

31.3% males, 45.1% females

Consequences in TKA 



HKA 
169°

HKA 
169°

Different target for different phenotypes!

FMA 95°

TMA 81°

FMA 
88°

TMA 
83°

FMA post 89° FMA post 93°

VARHKA12° VALFMA6°VARTMA6° VARHKA12° NEUFMA3°VARTMA6°



1st NEU phenotype : HKANEU_FMAVAR_TMAVAL

HKA FMA TMA
Preop Alignment Constitutional 180 90 90

Mechanical 90 90 0 0
Anatomical 92 88 -2mm +2mm
Kinematic 90 90 0 0
Phenotype 90 90 0 0

Type of Implant (JLO) OTS

Postop Alignment 180

3 Neutral Phenotypes
1st NEU Phenotype (NEUHKA0°)

HKANEU_FMAVAR_TMAVAL Lateral 
Condyle 

distalisation

Medial 
Tibia 

distalisation



1st NEU phenotype : HKANEU_FMAVAR_TMAVAL
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Mechanical 90 90 0 0
Anatomical 92 88 -2mm +2mm
Kinematic 90 90 0 0
Phenotype 90 90 0 0

Type of Implant (JLO) OTS
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1st main NEU “native” phenotype (5.12%)

HKANEU_FMAVAR_TMAVAL

NEUHKA0° : (180°/90°/90°)

=Mechanical
=Kinematic
=Phenotype

=Anatomical

HKANEU_FMAVAR_TMAVAL

NEUHKA0° : (180°/90°/90°)

HKANEU_FMANEU_TMANEU

NEUHKA0° : (180°/93°/87°)

3mm

3mm

Planned 180°Native 180° Planned 180°

90°

90°

0°
0° 0

°



2nd NEU phenotype : HKANEU_FMANEU_TMANEU

HKA FMA TMA
Preop Alignment Constitutional 180 92 88

Mechanical 90 90 +2mm -2mm
Anatomical 92 88 0 0
Kinematic 92 88 0 0
Phenotype 92 88 0 0

3 Neutral Phenotypes

Postop Alignment

Type of Implant (JLO) OTS

180

2nd NEU Phenotype (NEUHKA0°)
HKANEU_FMANEU_TMANEU Lateral 

Condyle 
distalisation

Medial 
Tibia 

distalisation



2nd NEU phenotype : HKANEU_FMANEU_TMANEU

HKA FMA TMA
Preop Alignment Constitutional 180 92 88

Mechanical 90 90 +2mm -2mm
Anatomical 92 88 0 0
Kinematic 92 88 0 0
Phenotype 92 88 0 0

3 Neutral Phenotypes

Postop Alignment

Type of Implant (JLO) OTS

180

2nd NEU Phenotype (NEUHKA0°)
HKANEU_FMANEU_TMANEU Lateral 

Condyle 
distalisation

Medial 
Tibia 

distalisation



2nd main NEU “native” phenotype (29.11%)

HKANEU_FMANEU_TMANEU

NEUHKA0° : (180°/93°/87°)

Planned 180°

=Mechanical =Anatomical
=Kinematic
=Phenotype

Native 180°

HKANEU_FMAVAR_TMAVAL

NEUHKA0° : (180°/90°/90°)

HKANEU_FMANEU_TMANEU

NEUHKA0° : (180°/93°/87°)

3mm
3mm

Planned 180°

93°

87°

0°
0° 0

°



3rd main NEU “native” phenotype (19.14%)

HKANEU_FMAVAL_TMANEU

NEUHKA0° : (180°/96°/87°)

=Mechanical =Kinematic
=Phenotype

HKANEU_FMAVAR_TMAVAL

NEUHKA0° : (180°/90°/90°)

HKANEU_FMANEU_TMANEU

NEUHKA0° : (180°/93°/87°)

=Anatomical

HKANEU_FMAVAL_TMANEU

NEUHKA0° : (180°/96°/87°)

Planned 180°Native 180° Planned 180°

3mm6mm

3mm

Planned 180°

96°

87°

3° 0° 0
°

3
°



3rd VAR phenotype : HKAVAR_FMANEU_TMAVAR

(VARHKA3°)

Native 174°

Phenotype 3 (13.50%) 

92°

85°

3°



3rd main VAR “native” phenotype (13.50%)

HKAVAR_FMANEU_TMAVAR

VARHKA6° : (174°/93°/84°)

Native 174°

=Mechanical =Phenotype

HKANEU_FMAVAR_TMAVAL

NEUHKA0° : (180°/90°/90°)

HKANEU_FMANEU_TMANEU

NEUHKA0° : (180°/93°/87°)

=Anatomical

HKAVAR _FMAVAR _TMANEU

VARHKA3° : (178°/92°/85°)

=Kinematic

HKAVAR_FMANEU_TMAVAR

VARHKA6° : (174°/93°/84°)

Planned 180° Planned 180° Planned 178° Planned 177°

3mm
3mm

3mm
6mm 3mm

93°

84°

3° 0° 0
°

0
°

3
°



5th VAR phenotype : HKAVAR_FMAVAL_TMAVAR
(VARHKA3°)



5th main VAR “native” phenotype (0.47%)

HKAVAR_FMAVAL_TMAVAR

VARHKA3° : (177°/95°/82°)

Native 177°

=Mechanical =Phenoytpe

HKANEU_FMAVAR_TMAVAL

NEUHKA0° : (180°/90°/90°)

HKANEU_FMANEU_TMANEU

NEUHKA0° : (180°/93°/87°)

=Anatomical

HKAVAR _FMAVAR _TMANEU

VARHKA3° : (177°/95°/85°)

=Kinematic

HKAVAR_FMAVAL_TMAVAR

VARHKA3° : (177°/95°/82°)

Planned 180° Planned 180° Planned 177° Planned 177°

3mm
3mm

6mm
6mm

9mm

82°

95°

0° 0° 0
°

0
°

0
°



1st VAL phenotype : HKAVAL_FMAVAL_TMAVAL
(VALHKA9°)



=Mechanical =Phenotype

HKANEU_FMAVAR_TMAVAL

NEUHKA0° : (180°/90°/90°)

HKANEU_FMANEU_TMANEU

NEUHKA0° : (180°/93°/87°)

=Anatomical

HKAVAL_FMANEU_TMAVAL

VALHKA3° : (183°/93°/90°)

=Kinematic

HKAVAL_FMAVAL_TMAVAL

VALHKA6° : (186°/98°/90°)

Planned 180° Planned 180° Planned 183° Planned 186°

9mm

3mm

6mm 6mm

Phenotype 2 (14.77%) 

HKAVAL_FMAVAL_TMAVAL

VALHKA6° : (186°/98°/90°)

98°

90°

3°
0° 0

°
0
°

3
°

2nd main VAL “native” phenotype (14.77%)



«Safe zones» – Evidenz?

• HKA: 5°

• TMA: 3-5°

• FMA: 3-5°



Normal distribution of values
(empiric rule of the 3 SD in statistics)

NORMALITY
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MALITY
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Values within :

o 1 SD of the mean
account for about
66% of the set;

66%
95%

99.7%
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o 2 SD of the mean
account for about
95% of the set;

o 3 SD of the mean
account for about
99.7% of the set.

NEUTRALITY



Normal distribution of values
Example with coronal phenotypes
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Normal distribution of values
Example with coronal phenotypes



Normal distribution of values
Example with coronal phenotypes
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Normal distribution of values 
“Anatomical” Normality
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Phänotypisches Alignment in 
Koronarebene

Safe target
zone!



Phenotype alignment



Take Home Message
• Detailed analysis of knee phenotypes including

HKA, FMA, TMA and JLCA necessary

• Bone cuts need to be preplaned and amount of 

ligament balancing limited

• Coronal alignment target needs to be adpated

with regards to knee phenotypes

• Transition to Personalised Alignment (PA) should

follow safe zones based on clinical evidence



www.kneedoctor.ch

Thank you for your attention!


