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Summary
In this thesis we investigated a novel rehabilitation method for people with medial 

knee osteoarthritis, KOA. This is osteoarthritis in the inner of the two knee joint 

compartments. The most important symptoms of KOA are knee pain, knee stiffness 

and a reduction in functional ability. KOA is one of the most common disabilities in 

the older adult in the western world and is becoming more and more common with 

an increase in the ageing population and obesity. As the many thousands of people 

living with KOA can confirm, the symptoms of KOA, while not life threatening can 

have a large impact on the quality of life. Most currently available treatment options 

aim to reduce the pain and restore functional ability (e.g. through pain killers and 

targeted exercises). However through this approach, the underlying biomechanical 

factors contributing to the disease are not addressed. 

 From previous studies we know that in people with medial KOA the forces in the 

knee are often increased compared to healthy controls. This is associated with faster 

progression of the disease. In this project we investigated how changes in the walking 

(gait) pattern in people with medial knee osteoarthritis could be used to reduce the 

knee forces. Specific features of the walking pattern are known to influence the knee 

forces. Since it is not possible to directly measure the forces within the knee, we used 

a surrogate measure, the knee adduction moment, commonly used in other research 

groups. In this thesis the acronym KAM is often used for the knee adduction moment. 

Similarly we frequently use the acronym FPA, which stands for foot progression angle. 

The FPA indicates the position of the foot relative to the walking direction. Specifically 

we consider whether the foot is internally (toe-in) or externally rotated (toe-out). 

 At the start of this project we had three main aims, specifically:

1. To investigate how different types of feedback can influence the knee adduction 

moment during walking with a modified gait pattern. (Chapters 2 and 3)

2. To investigate the feasibility and effects of a six-week gait training program with 

the goal of reducing the knee adduction moment through small changes to the 

gait pattern. (Chapters 4 and 5)

3. To investigate the relationship between the knee adduction moment and the 

knee joint forces and changes within these two parameters during modified gait 

walking using musculoskeletal modelling. (Chapter 6) 
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English summary 

Information about the study design, participants and main outcome measures can be 

found in the Summary Table. 

Summary Table: Overview of studies in this thesis 

Chapter Design Main outcome measure Participants

2 Systematic review and meta-
analysis 

Knee adduction moment  Patients with knee osteoarthritis and 
healthy controls. 

3 Cross-sectional study Knee adduction moment Patients with medial knee osteoarthritis 

4 Longitudinal study Knee adduction moment
Patients with medial knee osteoarthritis 

5 Longitudinal study Foot progression angle 

6 Cross-sectional study Medial knee contact force Patients with medial knee osteoarthritis 

7 Systematic review and meta-
analysis 

Knee adduction moment Patients with knee osteoarthritis and 
healthy controls. 

To investigate the first objective, we firstly performed a systematic review of the 

literature. Here we focussed mainly on the feedback methods and the instructions 

that were given to the study participants. This review showed that there were few 

studies involving people with KOA. It also showed that people without KOA tend 

to respond better to direct feedback (feedback on the KAM itself ) than indirect 

feedback (feedback on the kinematics, for example the FPA or another gait (walking) 

parameter that can reduce the KAM). However, there were no studies where this was 

investigated in people with knee osteoarthritis. Therefore, in our first experimental 

study we investigated the effect of direct feedback on the KAM. Forty people with 

medial knee osteoarthritis were included in this study, where we investigated how 

they responded to different types of feedback and instructions in terms of the effects 

on the gait pattern. From this study, direct feedback on the KAM seemed to be 

effective in reducing the KAM but only in combination with specific instructions on 

how people should modify their gait pattern. 

 To investigate our second objective, sixteen patients with medial knee osteoarthritis 

were trained to walk with a toe-in gait pattern. We measured the effect of the training 

program on the knee adduction moment and other features of the gait pattern after 

six weeks, three months and six months. The most important outcome measure was 

the KAM but we also measured effects on knee pain and functional ability using a 

questionnaire. We found that after the training program the KAM was reduced, but 

this change was not observed after three and six months. Functional ability improved 

after six weeks and six months, but on average knee pain was not reduced after the 

training. Moreover, we investigated the learning process of the modified gait pattern 

during the training program. We found that walking with a modified gait pattern 

required cognitive effort at least at the start of the program. After six weeks, we saw 

that the participants has less difficulty walking with the modified gait pattern and 

that the cognitive loading reduced. 

 To investigate our third aim, we worked with colleagues from Aalborg University, 

Denmark, and used AnyBody Modelling Software to calculate the knee joint forces 

in simulations. From the results of this study we found that a moderate to strong 

relationship exists between the KAM and the knee contact forces. However, we found 

that the knee contact force in the simulation models was not reduced when walking 

with the modified gait pattern, in contrast to our expectation.

 Based on these studies we can draw some general conclusions. First that training 

to walk with a modified gait pattern can reduce the KAM with potential effects on 

the progression of the disease. Secondly that after six weeks training, the modified 

gait pattern was not completely autonomous. Finally we can say that a statistically 

significant relationship exists between the knee moments and the knee forces, which 

means that the KAM can be a reasonable approximation for the knee force. 

 In summary, gait retraining can be used to reduce the KAM and potentially knee 

forces. The work we have presented in this thesis provides evidence to take the next 

step in this area of research. We propose that the next step should be a Randomised 

control trial, RCT, comparing the effects on the knee forces and knee pain of walking 

with a modified gait pattern to usual care. With an extended follow-up period, such 

a study would provide valuable clinical information. Finally we suggest that the use 

of wearable technology to provide motion feedback during normal daily activities 

(outside of the lab) may be required to enhance and/ or sustain a modified gait pattern. 


