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SUMMARY 
The aim of this study was to carry out a computational 

investigation by finite element method to understand how 

MAD (the distance between the knee joint and the line passing 

through the centres of the hip and ankle joints) influences knee 

joint contact stresses. By finding out this influence, the MAD 

can then be related to the geometry of the HTO wedge. 

It was found out that the peak compressive stress increased for 

the malaligned knee. Results of this study show that 

malaligned knees are subjected to high stress levels and are 

therefore likely to result in Osteoarthritis (OA). 

 

INTRODUCTION 

Lower extremity malalignment and corresponding overloading 

of specific regions within the joint have been associated with 

knee OA and is considered to be at least a component of 

disease onset and progression [1]. Varus knee Osteoarthritis is 

one of the most frequently encountered abnormalities seen by 

orthopedic surgeons [2] and is postulated to present excessive 

medial compartment stress to the cartilage matrix and tissues 

of the joint (Figure1). OA is a debilitating degenerative 

disease of the tissues within the joints and can lead to 

significant loss of mobility and quality of life. 

High tibial osteotomy (HTO) is a commonly performed 

realignment surgery and aims to relieve pain and restore high-

level function in active patients by re-aligning the lower limb. 

The goal of this surgical realignment is to reduce the load on 

the damaged tissues and preventing excessive contact stress. 

This is carried out by either removing or adding a wedge of 

bone to the proximal tibia such that the mechanical axis 

deviation (MAD - the distance between the knee joint and the 

line passing through the centres of the hip and ankle joints) is 

restored to 0 mm. The MAD is a common approximation used 

by orthopaedic surgeons the realign the lower limb. Therefore, 

the aim of this study is to carry out a computational 

investigation by finite element method to understand how 

MAD influences knee joint contact stresses and relate it to the 

geometry of the HTO wedge.  

 
 

Figure1: Loading of the knee with (A) normal 

alignment and (B) genu varum, or bowlegged, 

malalignment. Genu varum increases compressive 

load on the medial tibiofemoral compartment  

 

METHODS 

Computer tomography (CT) scans using a GE Medical 

Systems CT-scanner, at 120 kV and 100.00 mAs (Citigroup 

Biomedical Imaging Center) and magnetic resonance images 

(MRI) using 3T scanning systems (GE Healthcare, Waukesha, 

WI) of the same cadaveric knee (Hospital for Special Surgery) 

were acquired. 

These high resolution (512x512 pixel resolution) radiological 

images with a were utilised for creating an accurate 

subsequent 3D model (Figure 2) of the bones, articular 

cartilage, menisci, tendons and ligaments, as required in the 

FE analysis programmes using Mimics v 14.1 software 

(Materialise, Belgium). Mimics is a specialised package that is 

used to create accurate 3D models of bones and soft tissues 

from radiological images. The 3D models were created using a 

number of operations within Mimics. Thresholding is used to 

create a first definition of the segmentation object. A low 

threshold value makes it possible to select the Soft tissue of 
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the scanned patient. With a high threshold, only the very dense 

parts remain selected. The use of the thresholding tool alone 

did not allow separation of femur from the tibia or vice versa. 

The  Region Growing tool was used to obtain a mask for only 

the femur or the tibia separately. The material properties were 

gathered from published data [3]. Next the 3D model of the 

soft tissue created from MRI data was registered to the 3D 

models of the bones generated from the CT scan data. Both 

point registration and global registration techniques were used, 

employing the least root mean square method, where the 

distance between the movable and fixed parts is calculated. 

The volume mesh used is a 10node tetrahedral element.  

 
Figure2: 3D model of knee joint 

 

The 3D models were then exported to finite element packages, 

ANSYS v 12.1 (ANSYS, Pennsylvania, USA).To analyse the 

stress distribution in the medial-lateral compartment of the 

normal knee joint at static equilibrium the distal end of the 

tibia and fibula were fixed and an axial load of 800N was 

applied to the proximal femur. Contact elements are used to 

represent contact and sliding between the target surface and 

deformable surface (Figure3). 

 

Figure3: Contact Elements 1. Tibial cartilage – meniscus; 2. 

Femoral cartilage – meniscus; 3. Femoral cartilage – tibial 

cartilage; 4. Tibia - fibula 

A simulated wedge of bone of different geometries was taken 

out and the corresponding Von Mises Stress (Maximum Shear 

Strain Energy) patterns were analysed. 

 

RESULTS AND DISCUSSION 

The peak compressive stress in the tibial cartilage of the 

simulated intact knee was 2.6 MPa. This was increased by 

70% for the malaligned knee. 

These results are in line with the results published by 

Tetsworth and Paley (1994) who mention that as little as 5° of 

varus ("bow-legged") mal-alignment results in an increase in 

compressive loading of the medial tibio-femoral compartment 

from 70% to 90% [4]. 

 

CONCLUSIONS 

Results of this study show that malaligned knees are subjected 

to high stress levels, which can result in OA. This indicates 

the importance of understanding HTO surgical techniques to 

improve knee joint contact mechanics.  
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