
The effect of morphology of the femoral posterior condyle for the external rotation of the femur 
 

Hiroki Hijikata1,2, Osamu Tanifuji1, Tomoharu Mochizuki1, Takashi Sato3 

Satoshi Watanabe3, Ryota Katusmi3, Sho Hokari4, Hiroyuki Kawashima1 
 

1 Niigata University Graduate School of Medicine and Dental Science, Niigata, Japan 
2 Saiseikai Niigata Hospital, Niigata, Japan, 3 Niigata Medical Center, Niigata, Japan, 4 Niigata Prefectural Shibata Hospital, Niigata, Japan 

Email of Presenting Author: hijikata_1985@yahoo.co.jp 

 

Disclosures: Hiroki Hijikata (N), Osamu Tanifuji (N), Tomoharu Mochizuki (N), Takashi Sato (N), Satoshi Watanabe (N), Ryota Katusmi (N) 
Sho Hokari (N), Hiroyuki Kawashima (N) 

 

INTRODUCTION: The normal knee exhibits external rotation of the femur relative to the tibia throughout knee flexion, referred to as “medial pivot motion” 
[1]. However, the factors that cause medial pivot motion are not clear. We characterized the normal morphological features of the femoral posterior condyles 

and showed that the medial condyle was almost vertical, whereas the lateral condyle was tilted medially [2]. This asymmetrical inclination between the 

medial and lateral condyles or any other shape of the femoral condyle may affect the external rotation of the femur relative to the tibia throughout knee 
flexion. The purpose of this study was to identify factors related to the external rotation of the femur during knee flexion using three-dimensional (3D) 

analysis. We hypothesized that the degree of external rotation of the femur relative to the tibia correlates with the inclination angle of the lateral condyle of 

the femur. 
METHODS: Forty-one healthy Japanese subjects were enrolled in the study. The mean patient age was 67.7 ± 3.9 years (range 61–74 years). Three-

dimensional (3D) digital models of the femur and tibia were reconstructed from computed tomography images and a coordinate system for the femur and 

tibia was constructed using 3D visualization and modeling software. Parameters related to femoral and tibial morphology and alignment of the lower 
extremities were evaluated, including the inclination angle of the posterior lateral condyles in the coronal plane of the femoral coordinate system, the 

inclination angle of the posterior medial condyles in the coronal plane of the femoral coordinate system, the ratio of the medial and lateral posterior condyle 

radii approximated as spheres, the spherical condylar angle defined as the angle between the posterior condylar axis (PCA) and the geometric center axis 
(GCA), the posterior condylar angle, the medial posterior tibial slope, the lateral posterior tibial slope, the difference of medial and lateral posterior tibial 

slope, the tibiofemoral rotation angle, the 3D femorotibial angle in the coronal plane, the 3D hip-knee-ankle angle in the coronal plane, the passing point of 

the weight-bearing line (medial–lateral), and the passing point of the weight-bearing line (anterior–posterior). Knee motion was observed when subjects 
squatted. The rotation angle of the femur relative to the tibia was investigated using a 3D to 2D image matching technique. Intra- and inter-observer 

reliability of our 3D-to-2D image registration technique was examined via intra-class correlation coefficient (ICCs) in a previous study. The ICC (1, 2) for 

the rotation angle of the axis was 0.98 and the ICCs for the AP translation for the medial and lateral ends of the axis were 0.91 and 0.85, respectively. The 
ICC (2, 1) for the rotation angle of the axis was 0.92 and the ICCs for the AP translation of the medial and lateral ends of the axis were 0.86 and 0.99, 

respectively [1]. The relationships between the rotation angle of the femur throughout knee flexion and various parameters related to femoral and tibial 

morphology and alignment of lower extremities were determined. This study was performed according to the protocol approved by the Investigational 
Review Boards of our institutions (Niigata University, 2017-0006). 

RESULTS SECTION: The femur was substantially rotated up to 20° of knee flexion (9.2° ± 3.7°) and gently rotated after 20° of knee flexion (12.8° ± 6.2°). 

No significant correlations between the parameters were detected during 0°–20° of knee flexion. The external rotation angle at 20°–120° of knee flexion 

correlated with the spherical condylar angle (correlation coefficient, 0.506; p = 0.001), the tibiofemoral rotation angle (correlation coefficient, 0.364; p = 

0.019) and the inclination angle of the posterior medial condyles (correlation coefficient, 0.337; p = 0.031). For the sample size calculation (α error: 0.05, 1 − 

β error: 0.8, correlation 0.506), 28 knees were required to evaluate the main result of the correlation between the rotation angle of the femur and parameters 
of bone morphology and alignment of the lower extremities. The sample size for this study was adequate (41 knees). 

DISCUSSION: The parameter that was most related to the external rotation of the femur during knee flexion was the spherical condylar angle throughout 

20°–120° of knee flexion. The spherical condylar angle is the angle between the GCA and PCA that is tangent to the tibial articular surface. If the GCA is 
the approximate flexion-extension axis of the knee joint during mid-flexion to deep flexion, GCA is the axle connecting two differently sized spheres of the 

medial and lateral posterior condyles of the femur, and PCA is the ground. Regarding the rolling motion of the femur relative to the tibia excluding sliding 

and slipping motion of the femur, the rotation angle of the femur per the same flexion angle depends on the size of medial and lateral approximate spheres 
throughout medial pivot motion. Therefore, the spherical condylar angle correlates with the femoral rotation angle. 

SIGNIFICANCE/CLINICAL RELEVANCE: The previous study reported that the magnitudes of axial rotation decreased after TKA when compared to 

normal knee patients during a deep knee bend maneuver, and axial rotation provides a mechanical advantage in deep knee flexion and is thus desirable in 
TKA. As a result, the concept of spherical condylar angle could be incorporated into TKA design. 
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