
 
 

INCREASED KNEE VERSION: A KEY ANATOMICAL FACTOR IN PATELLO-FEMORAL INSTABILITY? 
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SUMMARY 

Torsional deformities of the femur or the tibia, as well as genu 

valgum can all increase the Q angle at the knee. By using a 

novel, fast, and reliable MRI protocol we have demonstrated 

that at least a subgroup of patients with patello-femoral 

instability have not only a valgus knee, but also an internally 

rotated distal femur. This finding should be taken into 

consideration when planning therapeutic interventions at the 

knee joint. 

 

 

INTRODUCTION 
Patellofemoral (PF) instability is a multifactorial problem [1], 

but it is well accepted that the anatomical configuration of the 

lower limb plays a key role. Torsional deformities of the 

femur or the tibia, as well as genu valgum can all increase the 

quadriceps angle (Q angle) [2], thereby lateralize the force 

vector acting on the patella and possibly increase the risk of 

lateral dislocation. Surgical procedures for dealing with PF 

instability often target the tibia for correction of the Q angle 

and e.g. medialize the tibial tubercle [3], but there is no strong 

evidence suggesting that the patho-anatomy is restricted to the 

tibia only. If indeed the patho-anatomy was on the femur, a 

surgical intervention that targets the tibia may not efficiently 

restore normal patellar mechanics. 

 

A careful evaluation of the lower limbs to identify the location 

and degree of a possible underlying patho-anatomy is 

therefore an essential step in the diagnosis and treatment of PF 

instability. MR represents a non-ionizing imaging modality 

that is readily available and used to assess internal damage of 

the knee following patellar dislocation, which could be used to 

also assess 3D lower limb alignment.  

 

Goal of this study was to develop a reliable and fast MRI 

protocol for the determination of the frontal and rotational 

alignment of the lower limbs, and to apply the protocol to 

detect potential anatomical configurations predisposing to PF 

instability. The hypothesis was that patients with PF instability 

possess both increased knee valgus and an internally rotated 

knee, and further, that the main patho-anatomy was on the 

femur.  

 

 

METHODS 

An MRI protocol using a T2-HASTE sequence and a 

dedicated lower limb angiography coil was developed, with 

the entire scanning process lasting less than 4min. In a study 

approved by the local ethics committee, 15 healthy subjects 

were scanned in a test-retest design for determining the 

reliability of the protocol and to provide a control cohort 

against which a group of 15 patients with PF instability was 

evaluated. 

 

The MRI sequence provided scans of the hip, knee, and ankle 

joints, which were 3D reconstructed in Amira (Visage 

Imaging GmbH, Berlin, Germany). Bone landmarks where 

then defined in order to calculate the following read-out 

parameters: femoral torsion, tibial torsion, the knee version 

(the relative rotation between distal femur, and proximal 

tibia), and the mechanical femoral tibial angle (mFTA). 

Negative values for the mFTA are interpreted as knee valgus. 

Greater values for either femoral or tibial torsion mean a 

greater internal rotation of the distal end of the respective 

segment. Negative values for the knee version are interpreted 

as relative internal rotation of the distal femur. 

 

The Intraclass Correlation Coefficient (ICC) and the 95% CI 

of the anatomical parameters were calculated to assess the 

repeatability of the protocol between the two separate 

measurements and the reproducibility of the image analysis 

process by two independent observers. A Students’ t-test was 

used to detect differences(p<0.05) between the control and the 

patient cohorts. 

 

 

RESULTS AND DISCUSSION 

All repeatability ICCs were greater than 0.99 while all 

reproducibility ICC were greater than 0.89 (Table 1). 

 

After confirming a normal distribution for each read-out 

parameter using a Kolmogorov-Smyrnov goodness of fit test, 

it was observed that patients with PF instability had 

significantly more valgus knees (p<0.01) than the control 

subjects. Additionally, significantly (p<0.01) higher femoral 

torsion and knee version angles were observed in the patient 

cohort in comparison to the controls, while no significant 

differences where observed for the tibial torsion between the 

two groups (Fig. 1). 

 

Furthermore, the knee version measured in the patients 

correlated significantly (R=-0.555; p<0.01) with femoral 

torsion, but did not correlate with tibial torsion when 



examined using the Pearson’s correlation coefficient. 

 

 

Figure 1:  Frontal-plane (mFTA) and rotational alignment of 

the lower extremity measured using a novell MRI protocol. 

(Significance levels *: p<0.05) 

 

This study presents a novel MRI protocol for the non-invasive 

analysis of 3D lower limb alignment. With all ICCs larger 

than 0.89 both the scanning and the data analysis procedures 

have been demonstrated to be highly repeatable and 

reproducible. 

 

Using that novel protocol we found that the patients with PF 

instability exhibited a significantly more valgus knee, and also 

possessed significantly increased knee version. That increased 

knee version results mainly from an internally rotated distal 

femur is further corroborated by the fact that knee version in 

these patients correlates significantly with femoral, but not 

with tibial torsion. Together these findings suggest that in our 

patients the relative internal rotation of the tibiofemoral joint 

(knee version) originates from the femur, confirming the 

original hypothesis. 

 

Both frontal plane (knee valgus) as well as rotational 

malalignment (internal knee version) in our patients increase 

the Q-angle and can therefore increase the lateralizing forces 

acting on the patella. The multi-planar patho-anatomy 

observed in those subjects might predispose to PF instability 

and suggests that surgical interventions targeting the tibia 

might not efficiently restore normal patellar mechanics in 

patients in which the rotational malalignment mainly 

originates from the femur. While future studies should aim to 

identify whether increased knee version is an independent risk 

factor for PF instability, our results confirm that at least a 

subgroup of patients with PF instability might particularly 

benefit from treatment options that focus on the femur rather 

than the tibia. 

 

 

CONCLUSIONS 

In conclusion, this study identified increased knee version as a 

new patho-anatomic feature linked to PF instability. 

Furthermore, the measurement protocol presented here allows 

for the reliable and fast, non-invasive determination of 3D 

lower limb alignment. It thereby enables a detailed, 

quantitative assessment of the anatomy that could help to 

better target the underlying patho-mechanisms and restore 

normal PF joint mechanics in interventions for the treatment 

of PF instability in the future. 
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Table 1: Reliability measures on 15 healthy individuals measured using a test-retest design and evaluated by two independent 

observers. 

 

Measure (°) Repeatability Reproducibility 

 ICC 95% CI ICC 95% CI 

Femoral Torsion 0.998 [0.994, 0.999] 0.982 [0.946, 0.994] 

Tibial Torsion  0.998 [0.993, 0.999] 0.985 [0.954, 0.995] 

Knee Version 0.995 [0.985, 0.998] 0.948 [0.846, 0.983] 

mFTA  0.992 [0.974, 0.998] 0.898 [0.697, 0.966] 

 


