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INTRODUCTION 
Several studies have directed attention to the fact that 
internal and external rotation of the foot during walking 
causes redistributions of moments and forces in the knee [1]. 
It has been claimed that internal and external foot rotation 
alter the knee joint moments [2]. However, the loadings of 
the knee joint compartments during walking with external 
and internal foot rotation have not yet been quantified. The 
aim of the present study was to quantify the knee joint 
compression forces during walking with internal, external 
and normal foot rotation.     
 
METHODS 
Ten healthy young men participated in the study (mean 29.7 
years, 182.8 cm and 76.8 kg.). Fifteen reflective markers 
were applied according to a modified Helen Hayes set-up. 
Participants walked on a 10 m long walkway with two force 
platforms imbedded, while being recorded by a Vicon 
MX-system. The subjects walked 12 times at a speed of 4.5 
km/h in each of the three different walking conditions: 
normal walking (NW), internal foot rotation (IFR) and 
external foot rotation (EFR). The style of walking was 
supervised by visual inspection and corrected until 
satisfactory.  
 
Five gait cycles were selected for further kinematic and 
kinetic analysis. Net joint moments were calculated in 3D 
(Figure 1), and selected peak values were extracted. To 
assess the knee joint compression and shear forces a 
statically determinate knee model was applied [3]. Force 
distribution between medial and lateral joint compartments 
was also calculated. A linear mixed model was applied to 
determine statistically significant differences (p < 0,05) 
between the walking conditions. The angle of foot 
progression is negative when external rotated, and positive 
when internal rotated (Table 1).  
 
RESULTS AND DISCUSSION 
Overall compression forces were significantly higher during 
both the IFR and EFR than during NW. This was the case 
for both 1st and 2nd peak, corresponding to early and late 
stance. In early stance, the compression force in the medial 
compartment was significantly higher during the EFR 
condition, than both IFR and NW (Table 1). The medial 
compression force was significantly higher in early stance 
during NW than IFR, while during the late stance phase 
there were no differences between NW and IFR (Table 1).  
 

In general the compression force in the lateral compartment 
was significantly higher in the IFR condition, than both EFR 
and NW.  
  

 
Figure 1: Mean net joint moments, in sagittal and frontal 
planes for each of the three walking conditions. 
 
CONCLUSION 
In conclusion, these findings show that the knee 
compression forces in the medial and lateral compartment 
depended on the foot progression angle. In general, EFR 
increased the loading of the medial knee compartment, 
whereas IFR increased the loading of the lateral knee 
compartment. Thus, foot progression angle may have 
clinical implications for patients with knee osteoarthritis.  
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Table 1 Knee joint compression forces (body weight) and foot progression angle (°) during normal walking (NW), 
and walking with internal foot rotation (IFR) and external foot rotation (EFR). Means (SD). 
 NW IFR EFR p-value 

Overall compression      

 1st peak 4.0 (0.8)†‡ 5.0 (1.1) 4.8 (0.8) <.0001 
 2nd peak 2.3 (0.5)†‡ 3.0 (1.1) 3.0 (0.6) <.0001 
Medial compartment compression        

 1st peak 2.7 (0.6)†‡ 2.3 (1.3)§ 3.7 (0.5) <.0001 
 2nd peak 1.8 (0.3)† 1.8 (0.9)§ 2.0 (0.3) 0.0124 

Lateral compartment compression        

 1st peak 1.2 (0.4)‡ 2.7 (0.9)§ 1.2 (0.8) <.0001 
 2nd peak 0.7 (0.3)†‡ 1.4 (0.4)§ 1.1 (0.5) <.0001 
Foot progression angle -11.1 (3.8)†‡ 16.4 (8.7)§ -37.7 (8.0) <.0001 
Statistically significance located between: ‡ NW vs. IFR, † NW vs. EFR, § IFR vs. EFR.  


