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Introduction

Total Knee Arthroplasty (TKA) has been shown to be a successful procedure 
for treating patients with osteoarthritis. It is thought to have originated with 
Ferguson, who had some success with the resection of the entire knee joint 
in order to achieve a kind of pseudoarthrosis [23]. Though the knee displayed 
a good range of motion, the overall result was unsatisfactory, because there 
was instability, and in many patients a spontaneous fusion occurred [23]. The 
first to implant a total knee replacement was Gluck, a German surgeon, in 1890 
[39,23]. The knee was made of ivory, which was fixed to the bone with colophony, 
pumice and plaster of Paris [39,41,23]. Despite being an outstanding innovation, 
this technique had a high failure rate due to infection and loosening, and it 
was quickly abandoned [39,41,23]. During the following 40 to 50 years, several 
soft tissue interpositions were used in order to try to prevent bone-to-bone 
arthritic pain. These included; fascia lata, fat, prepatellar bursa, skin, pig 
bladder and later cellophane and nylon [41]. The results were unpredictable, and 
arthrodesis remained the treatment of choice for the ‘moderately destroyed 
knee’ [41]. In the 1940s the first metallic interposition knee arthroplasties were 
used [41]. In the 1950s Dr. Waldius developed a hinged knee prosthesis made 
of acrylic, and later the first cobalt chrome knee prosthesis was implanted 
[39]. Due to the high failure rates of the hinged knee prosthesis, less constraint 
knee replacements were developed and became the standard treatment for 
primary arthritis knees [39]. Around the end of the 1960s and the early 1970s the 
condylar knee replacement as a joint resurfacing procedure was developed, 
and this evolved through numerous modifications to become the basis of the 
current TKA still in use today [39]. Though the initial success of TKAs improved, 
the focus was resurfacing the medial and lateral compartments, while little 
attention was paid to the patellofemoral joint [40]. Reports on the results of early 
designs identified a 40 to 58% rate of patellofemoral pain or Anterior Knee 
Pain (AKP) [12]. This residual knee pain was then treated with a patellectomy 
and/or soft tissue realignment [30]. Insall et al. in 1976 concluded that residual 
pain after a TKA was most frequently due to the patellar compartment, and 
that patellectomy was not a solution to this problem [30]. The continuing high 
incidence of postoperative AKP led to changes in the patellofemoral part of the 
TKA, such as modifying the shape of the trochlea of the femoral implant and 
placing a patella component [30,40]. 
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In the early days of arthroplasty treatment, only patients with severe arthritis 
were operated on, and they were satisfied if they could sleep again and walk 
short distances, even if pain persisted. Any treatment was better than receiving 
an arthrodesis or to continuing with debilitating pain and severe limitations. 
Over the years, TKA has achieved better results, due to improvements in the 
quality of the products used, better instrumentation and improved surgical 
knowledge. Due to the considerable pain relief achieved and excellent 
longevity of the knee arthroplasty, with survival rates of 90-98% after 10-18 
years, the number of TKAs is expected to increase in the coming years [11,17-18]. 
Not only are patients treated at a younger age, but also the general patient 
population is getting older. Today, more than 22,000 knee arthroplasties are 
performed annually in the Netherlands [32]. In the United States the number is 
estimated to be 658,000 annually [6]. 
Though TKA is very successful, approximately 5-10 % of patients experience 
Anterior Knee Pain (AKP), with reports ranging from 0.4%-49% [2-5,7,9-10,12-13,21,25-

27,35-36,40,44-46,48]. Multiple theories have been proposed to explain the aetiology of 
AKP [2-5,7,9-10,12-13,21,25-27,35-36,40,44-46,48,38]. Many studies have focused on the resurfacing 
of the patella, some demonstrating no difference [12-13,45], some showing better 
results after resurfacing [9,26,40,47-48], and others advising against resurfacing the 
patella [2,34,49]. It is known that simply resurfacing the patella is not a universal 
solution for AKP, although it may solve the problem in selected cases [2,12-13,25,34,40]. 
The consequences of postoperative AKP are not only the burden pain, but also 
the risk of a re-operation and the extra direct health care costs (for instance 
hospital stay, operation costs and costs of implants). 
Other factors contributing to AKP have been proposed, either as sole cause 
or in combination; i.e. prosthesis design [30,45], malrotation of the components 
[3-5,27], wear [44], overstuffing the PF joint, changing the joint line [33], instability 
of the patella [21,36], soft tissues impingement [20] , patient characteristics [10,25], 
dynamic valgus [38] and referred pain [44-45]. 
As mentioned earlier, various changes have been made to the TKA design. One 
such development was the introduction of the mobile bearing in the 1970s. 
It was thought that the higher congruency of the articulating surfaces could 
reduce wear and reproduce physiological knee kinematics, allowing it to be used 
in younger patients with a more active lifestyle [11,43]. Numerous studies have 
attempted to confirm the theoretical advantages of a mobile bearing TKA over 
a fixed bearing TKA, but most show few or no actual benefits. In a recent report 
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from the New Zealand registries, it seems that the mobile bearing does not 
need to be resurfaced, in contrast to the fixed bearing PS (posterior stabilised), 
where the patella probably should be resurfaced [49]. There are some who think 
that, because the mobile bearing can self-align, it has, in theory, a better patellar 
tracking and thus might decrease the incidence of AKP. 
Apart from design, malplacement of the components seems to be an 
inducing factor for AKP, especially in case of an internal malrotation of the 
TKA components, where patella maltracking could lead to AKP [3-4]. Berger et al 
linked combined component internal rotation (the sum of internal rotation of 
the femoral component and internal rotation of the tibial component) of a fixed 
bearing TKA to patellar tilt, subluxation, dislocation and patellar component 
failure [4]. Barrack et al reported a correlation between AKP and component 
rotation following a TKA, and concluded that patients with combined 
component internal rotation were more than five times as likely to experience 
AKP compared to those with combined component external rotation [3]. In their 
study, Nicoll and Rowley indicated a threshold value of internal malrotation of 
the tibial component before patients are expected to experience pain [37]. Most 
studies reporting on internal malrotation focuses on the fixed bearing TKA [3-

4,37]. The cases where there is a fixed tibial base plate malrotation, the effects of 
using a mobile bearing are not well known.

The numbers of knee arthroplasties being performed are anticipated to increase 
significantly [6]. Health care professionals will be expected to assess and record 
the outcomes of knee arthroplasty for patients, in order to facilitate research, 
audits and clinical governance. Suitable outcome measures are needed to 
enable evaluation of improvements in pain relief, function and QoL following 
a knee arthroplasty placement. Already in 1883, Lord Kelvin observed: “When 
you can measure what you are speaking about, and express it in numbers, you 
know something about it; but when you cannot measure it, when you cannot 
express it in numbers, your knowledge is of meagre and unsatisfactory kind; it 
may be the beginning of knowledge, but you have scarcely in your thoughts 
advanced to the state of Science, whatever the matter may be” [28]. Within 
groups of patients with a similar condition, outcome measures should allow 
comparisons to be made between preoperative and postoperative states, 
and between different operating techniques and types of arthroplasties. 
Furthermore, an outcome measure must have specific properties; it should be 
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reliable, valid and sensitive or responsive to changes in the clinical setting, and 
the questionnaire should be easy to use for the patient [15]. 
Measuring the outcome of knee arthroplasties used to be physician driven, 
where the surgeon scored pain and functional disability. This meant that 
the surgeon determined if an operation had an excellent, good, fair or poor 
result and little attention was paid to the patient’s own evaluation or to their 
expectations [29]. Survival analyses were and still are an important criteria for 
evaluating the results of TKA [29]. Yet, for patients, function improvement and 
pain relief are extremely, and perhaps more important success criteria. If a 
patient has a perfectly placed TKA and the radiograph looks great, but it does 
not function well or they experience pain, then the patient will not be satisfied 
with the TKA. In recent years the patient’s experience in relation to pain, 
function, impact on daily living and quality of life has attracted much attention. 
The value of patient input has been recognised with the introduction of patient 
related outcome measures (PROMs), derived from subjective questionnaires[8]. 
There are different PROMs available: some are for general health assessment 
and others are joint/disease specific [8,16,42,19]. The choice of which questionnaire is 
most appropriate depends on what it is supposed to be measuring in a specific 
population [15]. For the majority of patients the most important reason to place 
a TKA is to reduce or eliminate pain in their knee joint, thereby preserving or 
restoring a certain level of function [16,19,42,22]. If the pain persists after TKA, it is a 
major contributor to patient dissatisfaction [22]. Therefore, not surprisingly, pain is 
one of the key parameters for evaluation in most questionnaires in current use. 
However, some merely ask if pain is present, while others explore the level and type 
of pain. Other important parameters covered in most questionnaires are function 
and quality of life. Again, there are differences in the level of detail they explore.
When selecting one or more questionnaires to use for arthritis and TKA 
patients, it is important to determine if the questionnaire fits the population it 
is used on. Young or active patients are more likely to score highly, in terms of 
what they are able to do, than the older or less active patients. Not being able 
to question about a bigger range of activity or pain level is called the ceiling 
effect. Extending the ceiling, by giving patients more options to choose from, 
makes it possible to differentiate more effectively between patients with, for 
example, slight or severe pain and an active or less active life style. This helps 
the surgeon make the most appropriate choice for a specific patient in terms of 
technique and /or implant to be used. 
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Another issue is the lack of a reliable and valid questionnaire to adequately assess 
the type of knee pain following knee arthroplasty. Current questionnaires do 
not adequately assess AKP in terms of where and when the pain is experienced 
and what effect it has on a patient’s daily life.
Researchers without a suitable PROM in their own language have two choices; 
either develop a new measure, or adapt a measure previously validated in 
another language [24]. This validation and translation process is known as cross 
cultural adaptation [24]. The option of developing a new questionnaire is time 
consuming and has the potential drawback of making international knee 
related research more difficult or impossible, if different measurements cannot 
be compared [24]. However, according to Guillemin, translating a questionnaire 
is unlikely to be successful, due to differences in language, perceptions of 
quality of life (QoL) and culture [24]. Beyond linguistic translation, there needs 
to be testing and validation to ensure a questionnaire can be used to achieve 
the same goals. Some cultures may be sufficiently similar for this not to be 
a problem; for example, the absence of major cultural difference between 
the Dutch and American/British populations means no cultural adaptation 
is needed for questionnaires. On the other hand, special adaptation would 
be needed if the questionnaire is intended to be used for populations with 
significantly different cultural and religious backgrounds, where, for example, 
kneeling activities are more frequent, like in Asian and Islamic cultures.
Today, patients with knee arthroplasties are no longer satisfied with ‘only’ being 
pain free and able to walk. Most patients want to be active and enjoy recreational 
activities and/or sports. The question remains; what are recommended ‘safe’ 
sports for patients after TKA and other knee conditions? Cycling is a popular 
international professional and recreational sport performed by both sexes and 
all age groups. The knee forces of cycling are much lower than during normal 
walking. It is estimated that 49 million Americans cycle at least once a month 
and over 5 million cycle more than 20 days a month [1]. In the Netherlands there 
are almost as many people who own a bicycle, as there are inhabitants [14]. 
The bicycle is not only used for sporting activities, but also for recreation and 
getting around [14]. In the Netherlands cycling is the third most used means of 
transportation, after the car and walking [14]. It would be interesting to know 
what factors influence the patient’s ability to cycle, and what percentage of 
patients still cycle after TKA placement.
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Greater progress towards understanding the contributing factors of AKP after 
TKA can play an important role in improving the overall patient satisfaction 
and quality of life. Therefore this thesis aims to address several questions:

- How does pain transmission work in the knee and what can cause 
this pain in the anterior part of the knee? 

- How is outcome and AKP documented in Dutch TKA patients?
- What is the effect of a mobile bearing TKA on AKP as compared to a 

fixed bearing TKA?
- Does a mobile bearing TKA correct for malrotation of the fixed tibial 

base plate after TKA placement?
- What is the influence of cycling on arthritis- and TKA patients and is 

cycling a recommended activity for TKA patients?

Outline of the thesis:

Chapter 2:  Anterior Knee Pain after a Total Knee Arthroplasty: What can 
cause this pain?

This chapter is a review of what is thought to cause Anterior Knee Pain (AKP) 
after a Total Knee Arthroplasty (TKA). AKP is a serious problem for some 
patients after TKA. It is important to identify the different anatomical structures 
that can cause this pain before developing strategies for its prevention. This 
chapter reviews how pain transmission works, and what can cause pain in the 
anterior part of the knee and what can go wrong with the nociceptive system 
after a TKA placement. In particular it will seek to identify what structures in 
and around the PFJ are sensitive to pain, what receptors and/or chemicals are 
responsible for pain transmission and under which circumstances nociceptors 
become active. 

Chapter 3-5: How is outcome and AKP documented in Dutch TKA patients?
These chapters describe the results of the translation, validity and reliability 
of three internationally accepted patient reported outcome measures for 
patients with arthritis, including those who will undergo or already received a 
knee arthroplasty. 
In 1998 the Oxford 12-item Knee Questionnaire was developed by Dawson 
et al as a self-administered disease and site specific questionnaire, especially 
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developed for knee arthroplasty patients [16]. Since then it has proven to be an 
effective outcome questionnaire, and is widely used [19]. Despite having positive 
psychometric properties for the Total Knee Arthroplasty (TKA) population, the 
Oxford 12-item knee questionnaire has only been translated in a few languages. 
Chapter 3 describes the translation and validation of the Oxford 12-item Knee 
Questionnaire for the Dutch population. The reliability, validity, content validity 
and the sensitivity to change were all tested. 
In 2001 the International Knee Documentation Committee (IKDC) presented 
a knee specific subjective outcome measurement tool [31]. The IKDC subjective 
knee form was designed to measure symptoms and limitations in function and 
sports activity due to impairment of the knee for every knee related injury [31]. A 
validated Dutch version of the IKDC Subjective Knee Form is important for knee 
related research and could be a very useful measurement tool in performing 
multinational studies and comparing results to international research. Chapter 
4 describes the process of translation and validation of the IKDC subjective 
knee form. 
Although the general knee questionnaires included pain questions, they were 
not specifically developed to detect AKP. Even with good to excellent scores on 
these questionnaires, patients can still suffer from AKP. Therefore conclusions 
regarding AKP after TKA should not be made based on these questionnaires. 
A reliable and valid questionnaire is clearly needed to adequately assess the 
problem of AKP in patients following knee arthroplasties. The Kujala score, also 
called the Anterior Knee Pain scale (AKPS), is a validated tool to evaluate AKP. 
Chapter 5 describes the translation and validation process, of the Kujala AKPS 
for the Dutch population. 

Chapter 6-7:  Has a mobile bearing TKA advantages over a fixed bearing TKA 
in relation to the solving of the AKP problem post operatively?

These two chapters specifically address the effect of a mobile bearing design 
on AKP by comparing the posterior stabilized mobile knee (PSM) with the 
posterior stabilized fixed knee (PS). The concept of self-alignment led to 
the hypothesis that the PSM leads to: a lower incidence of AKP than the PS 
knee. The secondary questions are whether one design was superior to the 
other regarding overall pain, function, quality of life and survival. The studies 
were performed as a prospective, randomized, double-blinded, clinical trial. 
Chapter 6 describes the evaluation of the short-term results of the PSM knee, 

28375 Breugem V2.indd   16 14-05-14   13:47



1

General introduction

17

compared to the PS knee TKA.  Chapter 7 address the question whether the 
outcome at the short-term follow-up persists at a longer term, i.e. about 8 years 
postoperatively. 

Chapter 8:  Can a mobile bearing correct for malrotation of the fixed tibial 
base plate after TKA?

The purpose of this chapter is to evaluate if a mobile TKA can correct the 
malrotation of the fixed tibial base plate in a PSM TKA. This evaluation is 
performed with Computed Tomography. The focus of this chapter is whether 
the corrective rotation of the mobile PE is correlated with the malrotation of 
the fixed tibial base plate.

Chapter 9:  A revision operation for anterior knee Pain after a TKA can have 
consequences 

This chapter presents an example of the consequences that post-operative AKP 
can have for a patient. It details a rare case report of an 81-year-old male with a 
recurrent haemarthrosis after secondary resurfacing of the patella for treating 
persistent AKP. Additionally, there is a literature review and a discussion about 
aspects of haemarthrosis after a TKA. 

Chapter 10:  The influence of cycling on patients with arthritis and knee ar-
throplasty

It is well known that cycling can play a role in maintaining general health 
and preventing further degeneration and TKA wear for patients wishing 
to be active. This is because knee forces during cycling are lower compared 
to normal walking. This chapter is included to determine in three groups of 
knee patients (arthritis, TKA and meniscal/ligamentous injury) how frequently 
patients cycle and whether they experience pain when cycling. Furthermore 
whether a prediction can be made about the ability of a patient to cycle, and 
what influences this ability.

To achieve a well functioning and pain-free TKA greater attention to and 
understanding of AKP will lead to better results and overall patient satisfaction 
after TKA.
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Abstract

Total Knee Arthroplasty has been shown to be a successful procedure for 
treating patients with osteoarthritis, and yet approximately 5-10 % of our 
patients experience residual pain, especially in the anterior part of the knee. 
Many theories have been proposed to explain the etiology of this Anterior 
Knee Pain (AKP) but, despite improvements having been made, AKP remains 
a problem. AKP can be described as retropatellar or peripatellar pain, which 
limits patients in their everyday lives. Patients suffering from AKP experience 
difficulty in standing up from a chair, walking up and down stairs and riding a 
bicycle. 
The question we asked was: “How can a ‘perfectly’ placed TKA still be painful: 
what can cause this pain?”
To prevent AKP after TKA it is important to first identify the different anatomical 
structures that can cause this pain. Greater attention to and understanding of 
AKP should lead to significant pain relief and greater overall patient satisfaction 
after TKA. This article is a review of what pain is, how nerve signalling works and 
what is thought to cause Anterior Knee Pain after a Total Knee Arthroplasty.
Key words anterior knee pain, patellofemoral pain, total knee arthroplasty, 
malrotation, homeostasis
Core tip: Total Knee Arthroplasty (TKA) has been shown to be a successful 
procedure for treating patients with osteoarthritis, and yet approximately 5-10 
% of our patients experience anterior knee pain (AKP). To prevent AKP after 
TKA it is important to first identify the different anatomical structures that can 
cause this pain. Greater attention to and understanding of AKP should lead 
to significant pain relief and greater overall patient satisfaction after TKA. 
This article is a review of what pain is, how nerve signalling works and what is 
thought to cause AKP after a TKA.
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Introduction

One of the remaining challenges in the field of Total Knee Arthroplasty (TKA) 
is the elimination of Anterior Knee Pain. TKA itself has been shown to be a 
successful procedure for treating patients with osteoarthritis[14], and yet a 
significant proportion of the patients still experience AKP after surgery. The 
symptoms of AKP after TKA can be described as retropatellar or peripatellar 
pain limiting patients in their everyday lives[12]. Patients suffering from AKP 
experience difficulty in standing up from a chair, walking up and down stairs, 
and riding a bicycle. 
In the early TKA designs the primary goal was resurfacing the medial and lateral 
compartments and little attention was paid to the patellofemoral joint (PFJ)[54]. 
In these designs a 40% to 58% rate of patellofemoral pain was identified[18]. 
Insall et al[34] in 1976 hypothesized that the residual pain was most frequently 
attributed to the patellar compartment. During the early years of TKA 
residual AKP was often treated with either a patellectomy and/or soft tissue 
realignment[34]. It would therefore, seem more appropriate to refer to Anterior 
Knee Pain (AKP) rather than patellofemoral pain as the general term for pain in 
the anterior part of knee. The continuing high incidence of postoperative AKP 
led to the changes in the shape of the patellofemoral part of the TKA, such as 
modifying the femoral trochlea and placing a patella component[34,54].
The first step in understanding AKP after TKA is to look at a healthy functioning 
knee. According to the theory of Dye, “the healthy knee can be viewed as a 
biologic transmission with a complex assemblage of living asymmetrical 
moving parts whose purpose is to accept, transfer, and ultimately dissipate 
often high loads generated at the ends of the long mechanical lever arms of 
the femur, tibia, patella, and fibula”[23]. Furthermore, Dye’s refers to each knee 
having a unique “envelope of function”; a potential range of activity in which it 
maintains a homeostasis of all surrounding tissues[23] (Figure 1). 
The potential range of activity is different for individual knees, whether 
healthy, arthritic or with a knee arthroplasty. An arthritic knee can be viewed 
as a transmission with worn bearings, and thus with a limited capacity to 
accept and transfer loads. In other words, arthritis causes the potential range 
of activity to become limited, causing pain and restrictions in daily activities 
such as walking and cycling, and sometimes even pain when at rest. 
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Figure 1: The potential range of activity or envelope of function for a specific joint: all activities fall 
within the zone of homeostasis except the jump from 3 m height (Reprinted with permission from Dye 
et al[23])

The fundamental aim of knee arthroplasty or joint replacement surgery is 
to restore, as far as possible, a normal functioning, pain free knee. Applying 
Dye’s theory to a TKA patient gives an interesting perspective. A TKA knee can 
then be viewed as a knee functioning with a combined biologic and artificial 
transmission with a limited potential range of activity. The limitation is in 
part due to the use of artificial products containing metals and polyethylene, 
which are harder and less flexible than the original cartilage and therefore 
make it unlikely that the knee will return fully to its pre-injury/pre-arthritis 
state. A pain free knee with a good function can be described in Dye’s terms 
as functioning in a zone of homeostasis of all knee tissues. The knee that is 
structurally overloaded, and thus functioning in a zone of abnormal loading 
(supraphysiological) of knee tissues is clearly no longer functioning in the 
zone of homeostasis[23]. If this abnormal loading of the knee continues for long 
periods of time, a TKA can ultimately fail (i.e., it enters the zone of structural 
failure)[23] (Figure 2 and 3). 
Although numerous design improvements have reduced the incidence of AKP, 
nevertheless approximately 5%-10% of patients still experience Anterior Knee 
Pain (AKP)(ranging from 0.4%-49%)[2,4,8-9,12,14-19,26,29-31,46-47,54,59,62-63,67]. Many theories 
have been proposed to explain the etiology of AKP[2,4,8-9,12,14-19,26,29-31,46-47,54,59,62-

63,67,52]. In sports medicine it has been observed that some patients can have 
severe patellofemoral pain while their articular cartilage appears normal, and 
that patients with severe patellofemoral cartilage damage can be pain free [25]. 
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Even though significant knowledge exists about AKP after TKA, its etiology and 
pathogenesis are still not fully understood. In this review the most important 
factors related to the development of AKP after TKA are therefore analysed, 
starting with how this pain signalling works and what anatomical structures can 
cause this pain to occur after TKA. 

Figure 2: The different zones of loading across the knee joint. The first zone is the zone of subphysiological 
underloading, the second is the preferred zone of tissue homeostasis, the third is the zone of 
supraphysiological overloading and the fourth is the zone of structural failure (Reprinted with 
permission from Dye et al[23])

Figure 3: A: Arthritis causes the potential range of activity (envelope of function) to become limited, 
causing pain and restrictions in daily activities such as walking and cycling. The dotted line is the original 
zone of homeostasis for this specific knee; B: The postoperative situation where Total Knee Arthroplasty 
placement increases the potential range of activity but does not return it to the original range of activity. 
(Reprinted with permission from Dye et al[23]).

Pathophysiology and Etiology of Pain
Pain is a normal manifestation of everyday life and serves as a protective 
mechanism for the body, causing the individual to react to try to eliminate the 
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pain stimulus[12,22]. However, excessive pain after a TKA can diminish or hinder 
quality of life [16,59,62],[22]. This form of pain typically originates in the peripheral 
nervous system (PNS)[22].
The PNS consists of all the nerves outside of the brain and the spinal cord[22,13]. 
It is made up of bundles of axons which are enclosed by connective tissue to 
maintain the continuity, nourish and protect the axon[13]. Each axon in the PNS 
can be surrounded by a myelin sheath, called a Schwann cell sheath, and these 
two together form a nerve fibre[13]. An axon can be myelinated once it reaches 
a thickness of one or two micro metre[13]. The difference between a myelinated 
and non-myelinated nerve fibre is the conduction velocity (myelinated is faster)
[13]. Nerve fibres can therefore be classified into different types depending on 
their diameter and conducting velocity[13]. 
When nerve fibres transmit information from sensory receptors to the central 
nervous system (CNS) they are called afferent nerves[13]. Afferent nerves are 
triggered by specialized neural structures called sensory receptors[13]. These 
receptors are sensitive to a specific form of physical energy[13]. In the joint these 
are called joint receptors or mechanoreceptors and can be divided into four 
basic categories: Ruffini endings (stretch), Pacinian corpuscles (pressure and 
pain), Golgi tendon organ-like endings and Free Nerve Endings (FNE)[12-13]. 
Pain occurs when tissues are being compressed, damaged or irritated[12]. The 
perception of pain appears to be activated by pain-specific sensory receptors 
called nociceptors in a process called nociception [49]. FNE, especially type IV 
FNEs detect touch, pressure, pain, heat and cold[12]. 
These FNEs primarily form the basis of the nociceptive system by sending 
signals to the spinal cord and CNS on pain and inflammation [12,49]. Under 
normal circumstances FNEs remain inactive, but they become active when 
subjected to abnormal mechanical deformation, thermal stimuli or special 
chemical agents[12,49]. Pain signals are transmitted to the CNS by a fast or a slow 
pathway[12]. Fast pain can be triggered by mechanical and thermal stimuli, but 
slow pain can be caused by mechanical and thermal stimuli and by chemical 
agents[12]. Fast pain is transmitted through A fibres (also called A delta fibres, 
they are myelinated) at velocities estimated to be between 6m and 100 m 
per second[12-13]. This is often experienced as a sharp, acute or electric pain[12]. 
The slow pain is transmitted through C fibres (unmyelinated) with velocities 
between 0.5 m and 2 m per second and is often described as burning, aching or 
chronic pain[12-13]. This type of pain is normally present with tissue destruction 
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[12]. Slow pain can occur in the skin and deep tissues whereas fast pain is not felt 
in the deeper structures[12].
Chemical substances, as mentioned, play an important role in stimulating 
the slow type of pain[12]. Chemicals that excite pain include histamine (also 
causes itching), serotonin and bradykinin[12,49]. Bradykinin acts via G-protein-
linked receptors to produce a range of proinflammatory effects including 
vasodilatation and edema[12,49]. Prostaglandins and Substance P (SP) enhance 
the sensitivity of nociceptors but do not directly excite them[12,49]. SP can function 
as a vasodilator and therefore can produce inflammation[12]. Substance P (SP) 
is a neuropeptide that can function as a neurotransmitter and is detected and 
isolated in the lateral retinaculum, the infrapatellar fat pad, synovial membrane, 
periosteum and subchondral bone of patellae affected with degenerative 
disease[12,65]. Nerve fibres immunoreactive for SP are not observed in the intact 
articular cartilage and are present in degenerative erosion of the patella[12]. 
Examination of subchondral bone, however, shows the presence of SP positive 
nerve fibres in a degenerative joint. 
The problem with pain receptors is that, unlike smell or taste for example, 
they adapt very little and sometimes not at all[12]. The continuous excitation of 
nociceptors, therefore, tends to lead to a chronic aching pain[12]. This increase in 
sensitivity of the nociceptors is called hyperalgesia[12].
Having looked at how nerves transmit pain, the next step is to focus on which 
nerves are responsible for different parts of the knee joint. The innervation 
of the knee joint follows Hilton’s law, meaning that all of the motor efferent 
nerves carry afferent branches from the knee capsule[32,36]. The innervation 
of the knee joint can be divided into two groups; a posterior and an anterior 
group[32,36]. The posterior group is made up of branches of the tibial nerve 
and a terminal branch of the obturator nerve. If necessary, signals from the 
posterior capsule and cruciate ligaments are transmitted to the CNS[32,36]. The 
anterior group consists of branches of the femoral, common peroneal and 
saphenous nerves[32,36]. The femoral nerve divides into the vastus muscles and 
the anterior medial joint capsule. The saphenous nerve innervates the anterior 
medial capsule and some sensory branches to the patellar tendon[32,36]. The 
medial side of the patella is innervated by the nerves of the vastus medialis 
muscle[12]. The lateral part of the knee is innervated by the nerves of the biceps 
femoris muscle and the vastus lateralis muscle[12]. 
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The knee is a hinge type of joint and in the Total Knee Arthroplasty (TKA) is 
made up of the articulations between the femoral and tibial components and 
between the patella and the patellar surface of the femur, the patellofemoral 
joint (PFJ). The femur component (metal alloy) articulates with a Polyethylene 
surface either on a tibial base plate (metal alloy) or a total Polyethylene tibial 
component. A hinge joint mainly allows for motion in one plane and only slight 
side to side motion is possible. The femur and tibia are connected together 
by strong collateral ligaments and depending on the arthroplasty used, 
sometimes a posterior cruciate ligament. 
The complexity of patellofemoral joint and the high number of pain transmittors 
are of relevance to the issue of whether or not to resurface the patella, which is 
an area of ongoing controversy in the field of TKA[2,14,18-19,30,54,64,67,11]. If the patella is 
resurfaced, the articular cartilage is removed and substituted with a polyethylene 
component. Alternatively, if needed, the patella can be reshaped (denervation, 
a partial resection of the lateral facet, removal of osteophytes or a combination 
of the above mentioned). The complexity of the PFJ means it is not only the 
articulation of the patella on the femoral groove of the femur component (metal 
alloy). Several muscle as well as ligament forces act on the patella to provide 
stability and a proper patellar tracking. The patella allows for multidirectional 
movement, especially cranial and caudal, but it also tilts and even rotates. There 
are, therefore, numerous points of contact between the undersurface of the 
patella and the femur component. The PFJ also depends on the synovial plica, 
infrapatellar fat pad, tendons, retinacula and the capsule[12,25]. The PFJ appears to 
be very sensitive to pain due to the high number of FNEs in different structures[12]. 
The highest numbers are found in the quadriceps muscles, with significant 
numbers also in the retinacula, patellar tendon and synovium[12,25]. Intact hyaline 
cartilage is completely free of nerve fibres[12,65]. Therefore intact aneural cartilage 
cannot be a source of pain[12,25]. Dye had an arthroscopic palpation of his patellar 
cartilage lesion done on his own knee. The operation was performed without 
intraarticular analgesia. Dye reported experiencing no pain when the patellar 
cartilage lesion was palpated[25]. However, he did experience severe pain when 
the synovial plica, infrapatellar fat pad, tendons, retinacula and the capsule were 
palpated[25]. 

Regeneration of Nerves
After looking at how pain signalling works, the interesting next question for 
clinicians is: how can these findings be translated into practical daily patient 
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care? With the skin incision in a TKA, nerves are surgically cut, and axons are 
injured or damaged[10]. The neurons can regenerate a new axon in a process 
called chromatolysis[10]. The process starts with exudation, cell proliferation 
and then collagen synthesis[13]. First the gap is filled with blood corpuscles 
and macrophages and a fibrin clot is formed[13]. This results into an ingrowth 
of capillaries and fibroblasts. This ingrowth only develops in the proximal 
stump of the damaged axon by forming sprouts, as the distal part of the axon 
dies[22,10]. These sprouts grow along the path of the original nerve, if this route 
is still available[10]. In the distal stump the Schwann cells of the nerves not only 
survive the wallerian degeneration, but also proliferate and form rows along 
the course previously taken by the axons[10]. These Schwann cells form nerve 
growth factor, which attracts the nerve fibres to grow back across the surgical 
cut[22]. The rate of regeneration is slow and is approximately 1 mm per day in 
the knee[10,13]. When peripheral nerve regeneration gets blocked in the scar 
tissue, a neuroma can be formed[13,22].
Another way pain might be transmitted is when nerves around the knee are 
compressed. The nerve, a soft structure, can be compressed between bone, 
ligaments or due to swelling (hematoma)[22], but also by a knee arthroplasty or 
the scar tissue that is formed after a TKA. Dellon describes how, when a nerve is 
compressed, blood flow to the nerve is reduced [22]. When a nerve does not get 
enough oxygen, it stops conducting normal signals to the CNS[22]. This can be 
felt as a “buzzing” or “tingling”feeling [22]. 

Clinical Implications
Assuming that the incapacitating AKP is caused by the activation of FNE, the 
main interest of this study is to know how they become active and whether 
this is due to an abnormal mechanical deformation, thermal stimuli or special 
chemical agent[12,49]. It is known that the structures in and around the PFJ are 
very sensitive to pain, being full of nociceptors[12,49]. The synovium, lateral 
retinaculum, infrapatellar fat pad, periosteum and subchondral bone of 
patellae affected with degenerative disease are all richly supplied with type IVa 
FNEs and fibres containing Substance P[12]. 
A key aim of this study was to identify literature evaluating the different 
determinants of AKP after a TKA was found [1,4,8,11-12,16-17,22,24-26, 31,37,42,52-53,56,62-63,65]. The 
articles reviewed confirm this study’s hypothesis that anything that alters the 
patellofemoral joint (PFJ) mechanics can activate these FNEs and thus induce AKP 
after TKA[62]. It can further be hypothesised that the nociceptive system can be 
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activated by several factors, either alone or in combination: Hoffa impingement, 
peripatellar synovitis, increased osseous pressure and mechanical changes that 
alter the PFJ in an abnormal way.
The influence of patient characteristics focussing on age, gender and BMI does not 
seem to be predictive of AKP after TKA[4,16,57,62,64,67]. The influence of preoperative 
AKP does not seem to be predictive in relation to postoperative AKP[4,16,57,62,67]. 
Some researchers investigated the influence of walking on AKP after TKA. A 
higher knee extension moment in the early midstance phase of walking causes 
higher forces on the PFJ and consequently a higher frequency and severity of AKP 
after TKA[57]. Interestingly, the patients that modify and decrease the PFJ loading 
had less or no AKP[57]. Muscle balance also has an influence on AKP, for instance 
the preoperative weakness of the vastus medialis muscle was seen to lead to 
increased activation of the vastus lateralis, and the ensuing lateral maltracking of 
the patella can lead to AKP after TKA[52,20]. Weakness of the hip adductors was also 
seen to lead to a dynamic valgus and thus to lateral patella maltracking, which 
therefore makes it a contributor to AKP after TKA[52]. 
Moving on to focus on the influence of the knee design, Mahoney et al 
suggested that the design of the specific TKA can have an influence on PFJ 
loading[44]. They studied which designs were able to change the posterior 
flexion extension axis, thereby lengthening the extensor mechanism moment 
arm, which could decrease the quadriceps’ muscle force and reduce the PFJ 
forces[44]. The importance of trochlear design was emphasised by Popovic, who 
found a high number of patients experiencing pain due to an inappropriate 
trochlear design[53]. Some other researchers have suggested that the posterior 
stabilized knees have less AKP compared to the cruciate retaining designs, but 
a recent meta-analysis could not prove this difference (6% AKP in both groups)
[40]. Breugem et al[16-17] performed two studies that specifically evaluated 
whether the mobile bearing knee could reduce AKP compared to the fixed 
bearing knee. In the short-term follow-up study less AKP in the mobile bearing 
knees compared to the fixed knees[16] was observed, which seemed to suggest 
that the mobile bearing knee did have an influence on AKP [16]. Kim et al 
reported less pain in the mobile bearing group compared to a fixed bearing 
group at a mean follow-up of 2.6 years[38]. Wohlrab et al found a difference 
in pain scores at three months favouring the mobile bearing, but found no 
difference after three and five years[66]. In the 6 to 10 year (median 7.9 years) 
follow-up study the mobile bearing knees did not sustain the difference in AKP 
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that had been found in the short-term study[16-17]. These results are comparable 
to the findings of other systematic reviews and/or meta-analysis, most of 
which have not shown an advantage of using a mobile bearing[1,7,58,62,61,60]. 
Based on these results combined with a recent meta-analysis showing less AKP 
in the mobile bearing TKA, it seems that the debate can be reopened as to 
whether the mobile bearing TKA is part of the solution to AKP[41]. Aglietti et 
al[1] suggested that the performance of a mobile bearing knee might decline 
over time. Yet, even if this difference is only relevant in the short term, it would 
still seem advantageous to use a mobile bearing TKA for the benefit of patients 
that experience less pain in this period. The reason why the mobile bearing TKA 
seems to make a difference in AKP, could be due to the femur component being 
highly congruent to the PE bearing this in combination with the self alignment 
ability of the PE bearing and the fixed tibial base plate, in a knee that is well 
balanced in flexion and extension thus unloading the PFJ.
The influence of placement of the TKA is another issue. The PFJ loading is 
influenced both by changes in the joint line height and by selecting a femoral 
component that is too large[42,35]. Tibia-femoral instability, due to inappropriate 
placement or other causes, leads to increased pressure on the PFJ, especially 
in flexion[50]. However, perhaps the most important aspect of placement is 
the influence of malrotation after TKA[4,8,11,31,33,48,55]. Berger et al[8] reported 
that combined component internal rotation is associated with lateral tracking 
followed by patellar tilting and potential patellar subluxation. Dislocation and 
component failure were reported when severe malrotation was present[8]. 
Barrack et al[4] studied the influence of malrotation on AKP and found a 
combined internal rotation had a relative risk of AKP which was five times 
higher than cases without combined component internal rotation. It is thought 
that a femoral component placed in internal rotation shifts and tilts the patella 
medially and this can have a negative influence on the PFJ[4,8,31,33]. This could be 
an important reason to explain why secondary resurfacing of the patella does 
not always solve AKP after TKA[11,45]. 
Without doubt the most studied aspect of AKP has been the influence of the 
patella, especially in relation to resurfacing[2-3,11,19,45,54,64,67,51,28]. Many studies have 
focused on patella resurfacing, some demonstrating no difference[18-19,62], some 
showing better results after resurfacing [14,30,54,64,67], and others advising against 
resurfacing[2,45,68]. It is known that simply resurfacing the patella is not a universal 
solution for AKP, although it may solve the problem in selected cases [2,18-19,29,45,54]. 
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A meta analysis of 7 high quality studies showed no advantage for resurfacing 
the patella with regard to AKP[28]. Interesting publications from the Oxford group 
show that full thickness cartilage damage of the PFJ is not a contraindication for 
the placement of the medial Oxford mobile bearing knee arthroplasty, since this 
does not seem to influence the outcome or the revision rate[5-6]. It is still not clear 
why in a mobile bearing uni compartmental knee, PFJ arthritis does not seem 
to play an important role, whereas in a TKA it is a recurring debate. Maybe the 
influence of the intact anterior cruciate ligament (propriocepsis) is part of the AKP 
solution. Future research will hopefully provide new insights to these questions.
Finally, although soft tissue irritation is often related to malalignment, the 
mechanical cause cannot always be defined. Therefore, it may be that soft 
tissue problems play a significant role in AKP after TKA. Synovial impingement 
after TKA can play an important role in postoperative pain[21]. Two studies 
evaluated the influence of denervation of the patella and Van Jonbergen 
found a difference in favour of circumpatellar electrocautery denervation[63]. 
One study found a lower prevalence of AKP due to the resection of Hoffa’s 
fat pad[43]. Other factors contributing to AKP have been proposed; wear[59], 
referred pain[59,62], patella height[42,67], patellar thickness[27,39] and patella baja 
(pseudobaja), but these studies could not demonstrate a correlation with AKP 
after TKA. This is often more a lack of power than proof.
Applying Dye’s theory to patients with AKP after TKA provides useful insights 
(Figure 1). The zone of homeostasis can then be seen as a zone without 
AKP. The zone of supraphysiological “overload” can be seen as the zone for 
abnormal loading of the PFJ and therefore a cause of AKP after TKA[23]. A good 
example of this is the relationship between malrotation and the severity of 
experienced AKP [4]. If the components of the TKA are malrotated, the knee 
tissues are overloaded and thus clearly functioning in a zone of abnormal 
loading rather than in the zone of homeostasis[23]. If this abnormal loading of 
the knee continues for long periods of time, a TKA can ultimately fail (i.e., it 
enters the zone of structural failure) [23]. As mentioned by Berger et al[8], slightly 
combined component internal rotation is associated with lateral tracking of 
the patella followed by tilting and potential patellar subluxation and the knee 
is thus functioning in the zone of abnormal loading, which could lead to AKP 
after TKA. Dislocation and component failure were reported when severe 
malrotation of the components was present and thus the knee was functioning 
in the zone of structural failure[8]. 

28375 Breugem V2.indd   34 14-05-14   13:47



AKP after TKA: What can cause this pain?

35

2

If AKP is present after TKA placement, it is interesting to find out if it is possible 
to bring the knee back into a zone of homeostasis, and if this can influence the 
AKP. This can sometimes be achieved by conservative measures, for example in 
the study by Smith et al[57], where patients that were able to learn how to walk 
in a different way could reduce or even had no AKP, compared to patients who 
could not learn how. Other corrective measures include muscle-training (the 
quadriceps/hamstrings but also the hip and trunk muscles, therefore avoiding 
a dynamic valgus[20,52]), medication (painkillers), taping of the patella, using 
inlays or avoiding certain activities. If structural mechanical causes are present, 
revision surgery may be indicated, but caution is advised within the first 12 
months. This review will not focus on operative treatment options, as these are 
areas for separate review. 

Conclusion 

It can be concluded that anterior knee pain after TKA can be seen as the 
presenting symptom of a multifactorial problem. It is known that the 
nociceptive system is being activated by abnormal mechanical deformation, 
thermal stimuli or special chemical agents. The pain is caused by soft tissues 
(i.e., retinaculum, infrapatellar fat pad and the synovial membrane) being 
overloaded and/or due to impingement; for example due to malrotation of 
the components, overstuffing of PFJ, instability of the PFJ or a combination. 
Simply changing to a mobile bearing, releasing the retinacula or resurfacing 
the patella does not seem to be a universal solution. A perfect placement of a 
well-designed TKA can minimize AKP, however it cannot be concluded that it 
will prevent AKP, due to the large number of different factors playing a role in 
the origin of AKP. It is suggested that clinicians determine the specific envelope 
of function or zone of tissue homeostasis for TKA patients. Future research 
should focus on making further progress towards understanding the complex 
interaction of factors causing AKP in order to find a solution to prevent and 
eliminate it. The recommendation of this study is that the main focus should 
be on determining the correct placement and maybe incorporating the ACL (if 
present) in TKA placement.

28375 Breugem V2.indd   35 14-05-14   13:47



Chapter 2

36

References

1. Aglietti P, Baldini A, Buzzi R, Lup D, De Luca L (2005) Comparison of mobile-bearing and fixed-
bearing total knee arthroplasty: a prospective randomized study. The Journal of arthroplasty 20 
(2):145-153. 

2. Barrack RL, Bertot AJ, Wolfe MW, Waldman DA, Milicic M, Myers L (2001) Patellar resurfacing in 
total knee arthroplasty. A prospective, randomized, double-blind study with five to seven years of 
follow-up. The Journal of bone and joint surgery American volume 83-A (9):1376-1381. 

3. Barrack RL, Burak C (2001) Patella in total knee arthroplasty. Clinical orthopaedics and related 
research (389):62-73. 

4. Barrack RL, Schrader T, Bertot AJ, Wolfe MW, Myers L (2001) Component rotation and anterior knee 
pain after total knee arthroplasty. Clinical orthopaedics and related research (392):46-55. 

5. Beard DJ, Pandit H, Gill HS, Hollinghurst D, Dodd CA, Murray DW (2007) The influence of the 
presence and severity of pre-existing patellofemoral degenerative changes on the outcome of the 
Oxford medial unicompartmental knee replacement. The Journal of bone and joint surgery British 
volume 89 (12):1597-1601. 

6. Beard DJ, Pandit H, Ostlere S, Jenkins C, Dodd CA, Murray DW (2007) Pre-operative clinical and 
radiological assessment of the patellofemoral joint in unicompartmental knee replacement and its 
influence on outcome. The Journal of bone and joint surgery British volume 89 (12):1602-1607. 

7. Beard DJ, Pandit H, Price AJ, Butler-Manuel PA, Dodd CA, Murray DW, Goodfellow JW (2007) 
Introduction of a new mobile-bearing total knee prosthesis: minimum three year follow-up of an 
RCT comparing it with a fixed-bearing device. The Knee 14 (6):448-451. 

8. Berger RA, Crossett LS, Jacobs JJ, Rubash HE (1998) Malrotation causing patellofemoral complications 
after total knee arthroplasty. Clinical orthopaedics and related research (356):144-153. 

9. Berger RA, Rubash HE, Seel MJ, Thompson WH, Crossett LS (1993) Determining the rotational 
alignment of the femoral component in total knee arthroplasty using the epicondylar axis. Clinical 
orthopaedics and related research (286):40-47. 

10. Berny RMaL, M.N. Physiology. St. Louis, Missouri, USA: Mosby; 1993.
11. Bhattee G, Moonot P, Govindaswamy R, Pope A, Fiddian N, Harvey A (2014) Does malrotation of 

components correlate with patient dissatisfaction following secondary patellar resurfacing? The 
Knee. 21(1):247-251

12. Biedert RM, Sanchis-Alfonso V (2002) Sources of anterior knee pain. Clinics in sports medicine 21 
(3):335-347, vii. 

13. Bodine SC LR. Peripheral Nerve, Physiology, Anatomy and Pathology. In: Buckwaters JA ET, 
Simon SR, ed. Orthopaedic Basic Science. Vol 2 nd. Rosemont,Illinois, USA: American Academy of 
orthopaedic Surgeons; 2000:617-682.

14. Bourne RB, Burnett RS (2004) The consequences of not resurfacing the patella. Clinical orthopaedics 
and related research (428):166-169. 

15. Brander VA, Stulberg SD, Adams AD, Harden RN, Bruehl S, Stanos SP, Houle T (2003) Predicting 
total knee replacement pain: a prospective, observational study. Clinical orthopaedics and related 
research (416):27-36. 

16. Breugem SJ, Sierevelt IN, Schafroth MU, Blankevoort L, Schaap GR, van Dijk CN (2008) Less anterior 
knee pain with a mobile-bearing prosthesis compared with a fixed-bearing prosthesis. Clinical 
orthopaedics and related research 466 (8):1959-1965. 

17. Breugem SJ, van Ooij B, Haverkamp D, Sierevelt IN, van Dijk CN (2014) No difference in anterior 
knee pain between a fixed and a mobile posterior stabilized total knee arthroplasty after 7.9 years. 
Knee surgery, sports traumatology, arthroscopy : official journal of the ESSKA 22 (3):509-516. 

18. Burnett RS, Bourne RB (2004) Indications for patellar resurfacing in total knee arthroplasty. 
Instructional course lectures 53:167-186. 

19. Campbell DG, Duncan WW, Ashworth M, Mintz A, Stirling J, Wakefield L, Stevenson TM (2006) 
Patellar resurfacing in total knee replacement: a ten-year randomised prospective trial. The Journal 
of bone and joint surgery British volume 88 (6):734-739. 

28375 Breugem V2.indd   36 14-05-14   13:47



AKP after TKA: What can cause this pain?

37

2

20. Chester R, Smith TO, Sweeting D, Dixon J, Wood S, Song F (2008) The relative timing of VMO and VL 
in the aetiology of anterior knee pain: a systematic review and meta-analysis. BMC musculoskeletal 
disorders 9:64. 

21. Dajani KA, Stuart MJ, Dahm DL, Levy BA (2010) Arthroscopic treatment of patellar clunk and 
synovial hyperplasia after total knee arthroplasty. The Journal of arthroplasty 25 (1):97-103. 

22. Dellon AL. Pain solutions. La Vergne, USA: Lightning Source Inc; 2013.
23. Dye SF (1996) The knee as a biologic transmission with an envelope of function: a theory. Clinical 

orthopaedics and related research (325):10-18. 
24. Dye SF (2005) The pathophysiology of patellofemoral pain: a tissue homeostasis perspective. 

Clinical orthopaedics and related research (436):100-110. 
25. Dye SF, Vaupel GL, Dye CC (1998) Conscious neurosensory mapping of the internal structures of 

the human knee without intraarticular anesthesia. The American journal of sports medicine 26 
(6):773-777. 

26. Eisenhuth SA, Saleh KJ, Cui Q, Clark CR, Brown TE (2006) Patellofemoral instability after total knee 
arthroplasty. Clinical orthopaedics and related research 446:149-160. 

27. Erak S, Rajgopal V, Macdonald SJ, McCalden RW, Bourne RB (2009) Ten-year results of an inset 
biconvex patella prosthesis in primary knee arthroplasty. Clinical orthopaedics and related 
research 467 (7):1781-1792. 

28. He JY, Jiang LS, Dai LY (2011) Is patellar resurfacing superior than nonresurfacing in total knee 
arthroplasty? A meta-analysis of randomized trials. The Knee 18 (3):137-144. 

29. Healy WL, Wasilewski SA, Takei R, Oberlander M (1995) Patellofemoral complications following 
total knee arthroplasty. Correlation with implant design and patient risk factors. The Journal of 
arthroplasty 10 (2):197-201. 

30. Helmy N, Anglin C, Greidanus NV, Masri BA (2008) To resurface or not to resurface the patella in 
total knee arthroplasty. Clinical orthopaedics and related research 466 (11):2775-2783. 

31. Hofmann S, Romero J, Roth-Schiffl E, Albrecht T (2003) [Rotational malalignment of the components 
may cause chronic pain or early failure in total knee arthroplasty]. Der Orthopade 32 (6):469-476. 

32. Horner G, Dellon AL (1994) Innervation of the human knee joint and implications for surgery. 
Clinical orthopaedics and related research (301):221-226. 

33. Incavo SJ, Wild JJ, Coughlin KM, Beynnon BD (2007) Early revision for component malrotation in 
total knee arthroplasty. Clinical orthopaedics and related research 458:131-136. 

34. Insall JN, Ranawat CS, Aglietti P, Shine J (1976) A comparison of four models of total knee-
replacement prostheses. The Journal of bone and joint surgery American volume 58 (6):754-765. 

35. Kawahara S, Matsuda S, Fukagawa S, Mitsuyasu H, Nakahara H, Higaki H, Shimoto T, Iwamoto Y 
(2012) Upsizing the femoral component increases patellofemoral contact force in total knee 
replacement. The Journal of bone and joint surgery British volume 94 (1):56-61. 

36. Kennedy JC, Alexander IJ, Hayes KC (1982) Nerve supply of the human knee and its functional 
importance. The American journal of sports medicine 10 (6):329-335. 

37. Kessler O, Patil S, Colwell CW, Jr., D'Lima DD (2008) The effect of femoral component malrotation on 
patellar biomechanics. Journal of biomechanics 41 (16):3332-3339. 

38. Kim YH, Yoon SH, Kim JS (2009) Early outcome of TKA with a medial pivot fixed-bearing prosthesis 
is worse than with a PFC mobile-bearing prosthesis. Clinical orthopaedics and related research 467 
(2):493-503. 

39. Koh JS, Yeo SJ, Lee BP, Lo NN, Seow KH, Tan SK (2002) Influence of patellar thickness on results 
of total knee arthroplasty: does a residual bony patellar thickness of <or=12 mm lead to poorer 
clinical outcome and increased complication rates? The Journal of arthroplasty 17 (1):56-61. 

40. Li N, Tan Y, Deng Y, Chen L (2014) Posterior cruciate-retaining versus posterior stabilized total knee 
arthroplasty: a meta-analysis of randomized controlled trials. Knee surgery, sports traumatology, 
arthroscopy : official journal of the ESSKA. 22(3): 556-564

41. Li YL, Wu Q, Ning GZ, Feng SQ, Wu QL, Li Y, Hao Y (2014) No difference in clinical outcome between 
fixed- and mobile-bearing TKA: a meta-analysis. Knee surgery, sports traumatology, arthroscopy : 
official journal of the ESSKA 22 (3): 565-575. 

28375 Breugem V2.indd   37 14-05-14   13:47



Chapter 2

38

42. Luyckx T, Didden K, Vandenneucker H, Labey L, Innocenti B, Bellemans J (2009) Is there a biome-
chanical explanation for anterior knee pain in patients with patella alta?: influence of patellar 
height on patellofemoral contact force, contact area and contact pressure. The Journal of bone 
and joint surgery British volume 91 (3):344-350. 

43. Macule F, Sastre S, Lasurt S, Sala P, Segur JM, Mallofre C (2005) Hoffa's fat pad resection in total knee 
arthroplasty. Acta orthopaedica Belgica 71 (6):714-717. 

44. Mahoney OM, McClung CD, dela Rosa MA, Schmalzried TP (2002) The effect of total knee 
arthroplasty design on extensor mechanism function. The Journal of arthroplasty 17 (4):416-421. 

45. Mockford BJ, Beverland DE (2005) Secondary resurfacing of the patella in mobile-bearing total 
knee arthroplasty. The Journal of arthroplasty 20 (7):898-902. 

46. Mont MA, Yoon TR, Krackow KA, Hungerford DS (1999) Eliminating patellofemoral complications 
in total knee arthroplasty: clinical and radiographic results of 121 consecutive cases using the 
Duracon system. The Journal of arthroplasty 14 (4):446-455. 

47. Motsis EK, Paschos N, Pakos EE, Georgoulis AD (2009) Review article: Patellar instability after total 
knee arthroplasty. Journal of orthopaedic surgery 17 (3):351-357. 

48. Nicoll D, Rowley DI (2010) Internal rotational error of the tibial component is a major cause of pain 
after total knee replacement. The Journal of bone and joint surgery British volume 92 (9):1238-
1244. 

49. Page CP. Integrated Pharmocology. London: Mosby; 1997.
50. Pagnano MW, Hanssen AD, Lewallen DG, Stuart MJ (1998) Flexion instability after primary posterior 

cruciate retaining total knee arthroplasty. Clinical orthopaedics and related research (356):39-46. 
51. Pakos EE, Ntzani EE, Trikalinos TA (2005) Patellar resurfacing in total knee arthroplasty. A meta-

analysis. The Journal of bone and joint surgery American volume 87 (7):1438-1445. 
52. Petersen W, Rembitzki IV, Bruggemann GP, Ellermann A, Best R, Koppenburg AG, Liebau C (2013) 

Anterior knee pain after total knee arthroplasty: a narrative review. International orthopaedics. 
38(2):319-328

53. Popovic N, Lemaire R (2003) Anterior knee pain with a posterior-stabilized mobile-bearing knee 
prosthesis: the effect of femoral component design. The Journal of arthroplasty 18 (4):396-400. 

54. Rand JA (1990) Patellar resurfacing in total knee arthroplasty. Clinical orthopaedics and related 
research (260):110-117. 

55. Romero J, Stahelin T, Wyss T, Hofmann S (2003) [Significance of axial rotation alignment of 
components of knee prostheses]. Der Orthopade 32 (6):461-468. 10.1007/s00132-003-0475-5.

56. Scuderi GR, Insall JN, Scott NW (1994) Patellofemoral Pain After Total Knee Arthroplasty. The Journal 
of the American Academy of Orthopaedic Surgeons 2 (5):239-246. 

57. Smith AJ, Lloyd DG, Wood DJ (2004) Pre-surgery knee joint loading patterns during walking 
predict the presence and severity of anterior knee pain after total knee arthroplasty. Journal of 
orthopaedic research : official publication of the Orthopaedic Research Society 22 (2):260-266.

58. Smith H, Jan M, Mahomed NN, Davey JR, Gandhi R (2011) Meta-analysis and systematic review 
of clinical outcomes comparing mobile bearing and fixed bearing total knee arthroplasty. The 
Journal of arthroplasty 26 (8):1205-1213. 

59. Toms AD, Mandalia V, Haigh R, Hopwood B (2009) The management of patients with painful total 
knee replacement. The Journal of bone and joint surgery British volume 91 (2):143-150. 

60. Van der Bracht H, Van Maele G, Verdonk P, Almqvist KF, Verdonk R, Freeman M (2010) Is there any 
superiority in the clinical outcome of mobile-bearing knee prosthesis designs compared to fixed-
bearing total knee prosthesis designs in the treatment of osteoarthritis of the knee joint? A review 
of the literature. Knee surgery, sports traumatology, arthroscopy : official journal of the ESSKA 18 
(3):367-374. 

61. van der Voort P, Pijls BG, Nouta KA, Valstar ER, Jacobs WC, Nelissen RG (2013) A systematic review 
and meta-regression of mobile-bearing versus fixed-bearing total knee replacement in 41 studies. 
The bone & joint journal 95-B (9):1209-1216. 

62. van Jonbergen HP, Reuver JM, Mutsaerts EL, Poolman RW (2014) Determinants of anterior knee 
pain following total knee replacement: a systematic review. Knee surgery, sports traumatology, 
arthroscopy : official journal of the ESSKA 22 (3):478-499. 

28375 Breugem V2.indd   38 14-05-14   13:47



AKP after TKA: What can cause this pain?

39

2

63. van Jonbergen HP, Scholtes VA, van Kampen A, Poolman RW (2011) A randomised, controlled trial 
of circumpatellar electrocautery in total knee replacement without patellar resurfacing. The Jour-
nal of bone and joint surgery British volume 93 (8):1054-1059. 

64. Waters TS, Bentley G (2003) Patellar resurfacing in total knee arthroplasty. A prospective, 
randomized study. The Journal of bone and joint surgery American volume 85-A (2):212-217. 

65. Witonski D, Wagrowska-Danielewicz M (1999) Distribution of substance-P nerve fibers in the knee 
joint in patients with anterior knee pain syndrome. A preliminary report. Knee surgery, sports 
traumatology, arthroscopy : official journal of the ESSKA 7 (3):177-183. 

66. Wohlrab D, Hube R, Zeh A, Hein W (2009) Clinical and radiological results of high flex total knee 
arthroplasty: a 5 year follow-up. Archives of orthopaedic and trauma surgery 129 (1):21-24. 

67. Wood DJ, Smith AJ, Collopy D, White B, Brankov B, Bulsara MK (2002) Patellar resurfacing in total 
knee arthroplasty: a prospective, randomized trial. The Journal of bone and joint surgery American 
volume 84-A (2):187-193. 

68. Wyatt MC, Frampton C, Horne JG, Devane P (2013) Mobile- versus fixed-bearing modern total knee 
replacements- which is the more patella-friendly design?: The 11-year New Zealand Joint Registry 
study. Bone & joint research 2 (7):129-131.

28375 Breugem V2.indd   39 14-05-14   13:47



28375 Breugem V2.indd   40 14-05-14   13:47



Chapter 3

Translation and Validation of the 
Dutch version of the Oxford 

12-item knee questionnaire for 
knee arthroplasty 

D. Haverkamp, S.J.M. Breugem, I.N. Sierevelt, L. Blankevoort, C.N. van Dijk

Acta Orthop. 2005; 76(3): 347-352

28375 Breugem V2.indd   41 14-05-14   13:47



Chapter 3

42

Abstract

Background 
In 1998, the Oxford 12-item knee questionnaire was developed by Dawson et 
al as a self-administered disease and site-specific questionnaire, specifically 
developed for knee arthroplasty patients. Since then it has proven to be an 
effective outcome questionnaire, and is widely used. Despite the positive 
psychometric properties for the Total Knee Arthroplasty (TKA) population, the 
12-item knee questionnaire has only been translated in a few languages. We 
thus translated and validated the Oxford 12-item knee questionnaire for the 
Dutch population. 

Methods and results 
After translation according to a forward/backward protocol, 174 knee 
arthroplasty patients were asked to answer the questionnaire together with 
an SF-36, an AKSS and a VAS. The reliability, validity, content validity and the 
sensitivity to change were all tested. Our Dutch version of the Oxford 12-item 
knee questionnaire achieved excellent scores in all of these properties. 

Interpretation
The Dutch Oxford 12-item knee questionnaire proved to be an excellent 
evaluation instrument for the Dutch Orthopaedic Surgeon and can be used for 
all total knee arthroplasty patients.
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Introduction

Orthopaedic surgeons are increasingly interested in determining the outcome 
of their surgical interventions, which is reflected by the variety of outcome 
measures [2,7-8,10-11,14]. In 1998, the Oxford 12-item knee questionnaire was 
developed by Dawson et al as a self-administered disease and site specific 
questionnaire, specifically developed for knee arthroplasty patients [8]. Since 
then, it has proven to be an effective outcome questionnaire, and is widely 
used [11,15-16]. Despite the positive psychometric properties for the Total Knee 
Arthroplasty (TKA) population, the 12-item knee questionnaire has only been 
translated and validated in a few languages and subsequently validated in 
only two cases: Swedish and Italian [11,16]. In both languages the 12-item knee 
questionnaire has good psychometric properties and is recommended for the 
use of evaluating TKA results [11,16].
In a large survey of 3600 knee arthroplasty patients Dunbar et al compared 
several site/disease specific questionnaires and showed that the 12-item 
knee questionnaire scored the best for burden, feasibility, content validity 
and reliability [11,9]. Davies recently performed a review of all knee-specific 
questionnaires; concluding that the 12-item knee questionnaire, 36 item Short-
Form health survey (SF-36) and the WOMAC were the most appropriate for 
the assessment of outcome after total knee arthroplasty [7]. Liow et al recently 
compared studies of different functional rating systems for TKA and the 12-
item knee questionnaire emerged as the most reliable, since it eliminates 
interobserver errors [15]. 
The only knee specific questionnaire that is validated in Dutch is the WOMAC 
[18]. The WOMAC is a commonly used disease and site specific questionnaire, 
but it was not developed specifically to evaluate functional outcomes of TKA 
[2]. The 12-item knee questionnaire has been shown to be reliable and the most 
appropriate for the assessment of outcome after total knee arthroplasty [7,11,9,15]. 
A validated Dutch version of the 12-item knee questionnaire therefore would 
be of great value. The purpose of this study was to translate the 12-item knee 
questionnaire into the Dutch language and to validate it.
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Patients and methods

Translation procedure
A Dutch translation was made using a forward/backward translation protocol 
according to the guidelines of cross-cultural adaptation from Guillemin et al 
[12]. Since no major cultural differences in lifestyle exist between the Dutch and 
English population, cultural adaptation of the questionnaire was assumed not 
to be required. 

Patients
The study population consisted of 174 patients (mean age 69 (31-92) years), 
65% of whom were female. A preoperative 12-item knee questionnaire in 
Dutch was obtained from 119 patients who were scheduled for a primary 
TKA for osteoarthritis of the knee joint. From 111 patients, a 12-item knee 
questionnaire was obtained 1 year after TKA. Within these patient groups, 56 
patients took part in both preoperative and postoperative sampling. All patients 
were examined clinically and radiographs were taken both preoperatively and 
at follow up.   

Questionnaires
Besides the 12-item knee questionnaire, the outcome measures that we used 
were the SF36, the American Knee Society (AKS) score, and a 100 mm Visual 
Analog Scale (VAS) for pain.
The 12-item knee questionnaire is a self-administered disease and site specific 
questionnaire and consists of 12 questions to be answered by the patient 
concerning the knee, and is therefore entirely subjective [8]. Each question 
consists of a 5-point likert scale, leading to a total score ranging from a best 
functional score of 12 to the worst functional outcome of 60 [8]. By incorporating 
questions about pain and disability, these items have more weight in the 
score. For this analysis, we inverted (made reciprocal) the values of the 12-
item knee questionnaire in order to simplify the interpretation of the results, 
since all the other scores have values that are reciprocal to those of the 12-
item questionnaire. The SF36 is a general health questionnaire and consists of 
36 Likert box questions [1,5,19-20]. The questionnaire contains 8 health concepts: 
physical functioning (PF), role limitation due to physical problems (RP), bodily 
pain (BP), perception of general health (GH), energy and vitality (VT), social 
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functioning (SF), role limitation due to emotional problems (RE), and mental 
health (MH). The results of the SF36 range from 0 (the worst outcome) to 100 
(the best outcome) [5,19].
The American Knee Society (AKS) score is a clinical rating system and is divided 
into a knee score and a function score [13]. The knee score is designed to assess 
pain, stability and range of motion. This score can be influenced by subtracting 
points for flexion contractures, extension lag and malalignment [13]. The 
function score is designed to assess walking distance and the ability to climb 
stairs. Again, points are subtracted for the use of walking aids. Both scores 
range from 0 to 100, with a high score signifying a good result [13]. The VAS is a 
10-point visual analog scale (100mm) and is used to determine the seriousness 
of the general pain in the affected knee over the preceding month [17]. 

Testing
Psychometrics can be defined as “the scientific measurement of mental 
capacities and processes of personality” [9]. Psychometrics is therefore the 
“process that allows researchers to apply scientific methodology to the 
measurement of subjective outcomes” [9]. The psychometric properties of a 
questionnaire define how well a questionnaire measures what it is supposed 
to measure. The aspects that were tested were reliability, validity and 
responsiveness. The patient burden imposed by administering the 12-item 
knee questionnaire was considered to be identical to the original version of 
Dawson and these authors found it to be minimal [8].

Reliability
Reliability is defined as the ability of a test to “yield the same results on 
repeated trials under the same conditions” [15]. To determine the test-retest 
reliability, a second questionnaire was given to a random sample of 26 
patients who were scheduled for total knee arthroplasty. They were asked to 
complete the questionnaires with one week interval and return them under 
similar circumstances and return them immediately after completion. Test-
retest reliability was assessed by the intra class coefficient (ICC) [4], the Pearson 
correlation coefficient and the Coefficient of reliability of Bland and Altman [3]. 
T-tests were performed to determine the systematic difference between the 
first and second test.
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Internal consistency was assessed to determine whether all 12 items cover the 
same construct. It was calculated from the data from the preoperative (n=119), 
and postoperative (n=111) populations separately, and data from the total 
population (n=174). Internal consistency was assessed by Cronbach’s alpha [6]. 
Cronbach’s alpha addresses the homogeneity of the questions included in a 
questionnaire and is complimentary to the ICC as a measure of reliability [11,6]. 
An alpha of 0.7 is considered to represent a fair degree internal consistency, 0.8 
is considered to represent good internal consistency, and 0.9 would represent 
excellent internal consistency [11]. 

Validity
Validity relates to the ability of a questionnaire to measure the outcome 
parameter of interest [9]. Criterion validity refers to comparison of the new test 
with the “gold standard”. Unfortunately, there is no “gold” standard for knee 
arthroplasty. Consequently, questionnaires for knee arthroplasty are usually 
validated against a postulated effect that should result from the intervention [9]. 
Such a postulation is referred to as a construct [9]. Construct validity was tested 
by comparing the 12-item knee questionnaire to a 100-mm VAS scale for pain, 
the AKS knee and function score and the relevant domains of the SF-36 scores. 
The scores of the 8 domains of the SF-36 were used to assess convergent and 
divergent validity of the 12-item knee questionnaire. Construct validity was 
evaluated using Pearson correlation coefficients between the 12-item knee 
questionnaire and the 100 mm VAS, the AKS knee and function score and the 
SF-36.
We evaluated convergent and divergent validity by hypothesising that 
correlation coefficients between the study questionnaire and SF-36 domains 
bodily pain (BP), role of physical limitations (RP) and physical functioning (PF), 
were higher than correlations with the other domains.
Content validity addresses whether a questionnaire has enough items and 
adequately covers the domain of interest [11]. Content validity was evaluated 
by assessing the distribution and floor and ceiling effects of the 12-item knee 
questionnaire. The floor effect occurs when the patient scores the lowest 
possible score (12), and therefore the patient appears to be very satisfied [11]. 
The ceiling effect is the highest possible score and therefore the opposite of 
the floor effect [11]. Construct validity and content validity were tested on the 
scores of the preoperative and postoperative populations separately.
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Responsiveness 
Responsiveness is a measure of the ability of a questionnaire to determine 
sensitivity to change, before and after an intervention. A sample of 56 patients 
with preoperative and postoperative scores were used to determine sensitivity 
to change. Effect sizes of all the questionnaires were calculated and compared. 
Effect size is defined as the ratio of the mean change in pre- and post operative 
score; this value is then divided by the standard deviation of the pre-operative 
score. It represents a standardized measure of change in a group, and can be 
used to compare different clinical measures [11]. Effect sizes of 0.2, 0.5 and 0.8 
are considered as small, moderate and large respectively [8,11].

Statistics
The statistical analysis was done using SPSS 12 (version 12.01; SPSS Inc., IL), and 
a p-value of less than 0.05 was considered to be statistically significant.

Results

Reliability
The ICC of the questionnaire was high at 0.97 (p < 0.01) (95% CI: 0.94 to 
0.99), and we found a mean difference of 2.6 between the 2 assessments (p 
< 0.01). The reliability coefficient of Bland and Altman was 4.6 (95% CI: -7.2 to 
2.0). Crohnbach’s alpha showed that the questionnaire had a strong internal 
consistency, with values of 0.87 and 0.90 preoperatively and at 1-year follow-
up, respectively. The value of Cronbach alpha for the total population was 0.94. 

Validity
 The 12-item knee questionnaire correlated very well with the VAS before the 
TKA operation and at 1-year follow-up. However, the correlation between the 
12-item knee questionnaire and the 2 AKS scores was low before the operation 
and moderate one year after TKA. The highest correlation coefficients with the 
domains of the SF36 were seen for the PF, RP and BP. However, the correlation 
coefficient of the RP before the operation was moderate (table 1). 
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Table 1: Pearson Correlation Coefficients of the Oxford 12-item knee score, VAS, AKS and SF36 scores.

Preoperatively 1 year follow-up
Pain VAS 0.62* 0.81*

AKSS knee score .33* .62*

AKSS function .31* .48*

SF36

Physical Functioning (PF) .64* .64*

Role limitation due to Physical problems (RP) .40* .63*

Role limitation due to Emotional problems (RE) .26* .50*

Social Functioning (SF) .46* .57*

Mental Health (MH) .27* .40*

Energy Vitality (VT) .14* .48*

Bodily pain (BP) .68* .67*

General Health Perception (HP) .31* .39*

All correlations are significant with p<0.01

Content validity
The scores of the questionnaire before operation and at 1-year follow up were 
normally distributed. Ceiling and floor effects were not observed preoperatively. 
At 1-year follow-up a slight floor effect was observed, 10 patients (9%) scored 
the lowest possible score. A ceiling effect was not present postoperatively.

Sensitivity to change
A statistically significant improvement of -16 (95% CI -18; -13) points for the 12-
item knee questionnaire was observed one year after total knee arthroplasty (p 
< 0.01). The scores of the other outcome measures improved significantly too 
(p < 0.01), except Mental Health of the SF-36 (p = 0.5). The effect size of the 12-
item knee questionnaire one year postoperatively was -2.03, which was larger 
than the effect sizes of the other outcome measures (table 2).
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Table 2: Effect size of the Oxford 12-item knee, VAS, AKS and SF36 scores.

Outcome
measure

Preoperative 
mean (sd)

1 year follow–up
mean (sd)

Difference 95% CI Effect 
size

Oxford-12 item (n=56) 34.0 (7.5) 49.4 (9.0) -15.4 -17.6; -13.1 -2.03
VAS 47.3 (26.7) 84.1 (24.6) -36.8 -44.6;-29.0 -1.38
AKSS 
knee score

59.2 (17.4) 87.1 (14.6) -27.9 -35.4;-20.4 -1.63

AKSS 
function score

54.0 (19.6) 76.3 (21.6) -22.3 -29.7;-14.9 -1.13

SF36

Physical Functioning (PF) 33.1 (18.6) 58.0 (25.6) -24.9 -31.9;-17.9 -1.34
Role limitation due to 
Physical problems (RP)

16.7 (27.9) 57.4 (41.7) -40.7 -53.1;-28.3 -1.46

Role limitation due to 
Emotional problems (RE)

57.3 (43.2) 73.8 (41.9) -16.5  -27.6;-5.4 -0.38

Social Functioning (SF) 59.3 (21.6) 72.5 (20.6) -13.1  -20.1;-6.1 -0.61
Mental Health (MH) 77.6 (19.1) 79.5 (20.4) -1.9  -6.8;3.0 -0.10
Energy Vitality (VT) 61.0 (22.3) 70.2 (22.6) -9.2 -13.9;-4.5 -0.41
Pain (BP) 38.8 (19.6) 70.7 (28.9) -31.9 -39.5;-24.3 -1.63
General Health (GH) 72.0 (19.0) 64.5 (23.4) 7.5  3.1;11.9 0.39

Discussion

The aim of this study was to translate the original disease- and site-specific 
12-item knee questionnaire, on the subjective input of patients with total knee 
arthroplasties, into the Dutch language and to validate it. A mere translation 
of the questionnaire into another language - without proper validation of the 
translated version – would not suffice [12]. The translation procedure did not 
create any problems, since the items in this questionnaire are universal for all 
knee arthroplasty patients and there is little or no cultural difference between 
Dutch and British patients. 
According to the ICC and correlation coefficient, the test-retest reliability 
was good. However a statistical significant difference of 2.85 was observed 
between the two assessments. Although this difference is small and not 
relevant clinically, it can be explained by the fact that it was not specifically 
asked whether the complaints of the patients had changed at the second 
assessment. After checking the patient’s files, it appeared that 29 patients were 
treated with physiotherapy or analgesics. Taking this into account, the results 
seem to indicate good test-retest reliability. 
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The study questionnaire has a very high internal consistency (Cronbach’s alpha 
0.94) for the total population. This could indicate redundancy, but since the 
Cronbach’s alpha did not exceed 0.9 when assessed for the preoperative and 
postoperative populations separately, no questions need to be excluded from 
the list. Dunbar and Dawson obtained comparable results [8,11].
Pearson correlation coefficients between the study questionnaire and VAS 
were good, low preoperatively and moderate postoperatively with AKSS. These 
moderate preoperative correlations are comparable to the results of Dawson, 
who did not mention the postoperative values [8]. However, convergent and 
divergent validity is confirmed, since the study questionnaire correlated better 
with the domains BP, PF and RP than with the other domains of the SF36. 
The low correlation coefficient with the PF domain preoperatively can be 
explained by a considerable floor effect of the PF; 73 patients (64%) had the 
minimum score. Considering these results, we conclude that the questionnaire 
has good construct validity. The 12-item knee questionnaire has proven to be 
highly sensitive, since the effect size of the study questionnaire one year post 
operatively was -2.0, which was higher than for any of the individual parts of 
the SF-36 (table2).

Conclusion

The Dutch Oxford 12-item knee questionnaire proved to be an excellent 
evaluation instrument for the Dutch Orthopaedic Surgeon to be used for all 
total knee arthroplasty patients.
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FUNCTIEBEPERKINGEN VRAGENLIJST (12-questionnaire score)

In dit onderdeel wordt u gevraagd om aan te geven in hoeverre uw aangedane 
knie uw dagelijkse leven beïnvloedt. Wilt u bij ieder onderdeel één mogelijkheid 
aankruisen welke het meest op u van toepassing is?

1. Hoe zou u de pijn die u gewoonlijk in u knie heeft omschrijven?
q	 Geen pijn
q	 Hele lichte pijn
q	 Milde pijn
q	 Matige pijn
q	 Ernstige pijn

2. Heeft u vanwege uw knie moeite met uzelf te wassen en af te drogen?
q	 Geen moeite
q	 Weinig moeite
q	 Moeite
q	 Veel moeite
q	 Onmogelijk

3.  Heeft u problemen om in/uit de auto te komen en/of problemen om 
met het openbaar vervoer te reizen vanwege u knie?

q	 Geen problemen
q	 Weinig problemen
q	 Problemen
q	 Veel problemen
q	 Onmogelijk

4. Hoe lang kunt u lopen voordat de pijn in uw knie te hevig wordt?
 (met of zonder stok/rollator) 
q	 Geen pijn / meer dan 30 minuten
q	 16 tot 30 minuten
q	 5 tot 15 minuten
q	 Rondom het huis
q	 Niet mogelijk
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5. Hoe pijnlijk is het om na het eten van tafel op te staan?
q	 Niet pijnlijk
q	 Licht pijnlijk
q	 Pijnlijk
q	 Zeer pijnlijk
q	 Ondraaglijk

6. Loopt u wel eens mank vanwege de knie?
q	 Zelden/nooit
q	 Af en toe of sinds kort voor het eerst
q	 Regelmatig
q	 Vrijwel altijd
q	 Altijd

7. Kunt u door de hurken gaan en weer omhoog komen?
q	 Ja, gemakkelijk
q	 Met wat moeite
q	 Met moeite
q	 Met zeer veel moeite
q	 Nee, onmogelijk

8. Heeft u ‘s-nachts wel eens pijn in de knie?
q	 Geen enkele nacht
q	 1 of 2 nachten per week
q	 3 of 4 nachten per week
q	 5 of 6 nachten per week
q	 alle nachten

9. Hoeveel invloed heeft de pijn in uw knie op de dagelijkse bezigheden?
q	 In het geheel niet
q	 Weinig
q	 Matig
q	 Veel
q	 Volledig
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10.  Heeft u weleens het gevoel dat u door de knie heen zakt?
q	 Zelden/nooit
q	 Af en toe of sinds kort voor het eerst
q	 Regelmatig
q	 Vrijwel altijd
q	 Altijd

11.  Kunt u zelf uw boodschappen doen?
q	 Ja, makkelijk
q	 Met wat moeite
q	 Met moeite
q	 Met zeer veel moeite
q	 Nee, onmogelijk

12. Kunt u de trap aflopen?
q	 Ja, makkelijk
q	 Met weinig moeite
q	 Met moeite
q	 Met zeer veel moeite
q	 Nee, onmogelijk
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Abstract

Background
For knee-related surgery, there is a great demand for internationally useable 
subjective scoring systems. Before such measurements can be used, they should 
be translated and validated for the population they are used on. For the Dutch 
population, only the Western Ontario and McMaster Universities Osteoarthritis 
Index and Oxford 12 Questionnaire have been validated. However, these scores 
can only be used regarding osteoarthritis of the Knee. In 2001, the International 
Knee Documentation Committee presented the Subjective Knee Form, which 
is a knee-specific rather than a disease-specific questionnaire.

Study Design
Cohort study (diagnosis/symptom prevalence); Level of evidence 2.

Methods
The authors describe the translation procedure and validation of the Dutch 
Subjective Knee Form. After a forward-backward translation protocol, the 
reliability, validity, and content validity were tested. The responses of 145 
consecutive knee patients on 2 questionnaires containing the Short Form-
36, Western Ontario and McMaster Universities Osteoarthritis Index, Oxford 
12 Questionnaire score, a visual analog scale, and the Dutch International 
Knee Documentation Committee Subjective Knee Form were used. Reliability 
was tested by measuring the test-retest reliability and internal consistency. 
Validity was tested by correlating the questionnaire to the other outcome 
measurements, and content validity was tested by measuring the floor and 
ceiling effects. 

Results
The reliability proved excellent with an intraclass coefficient of 0.96 for test-
retest. Internal consistency was strong (Cronbach’s Alpha, 0.92). The construct, 
convergent, and divergent validities were good. The content validity was good; 
no floor or ceiling effect occurred.
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Conclusion
Our validation procedure shows that the Dutch International Knee 
Documentation Committee Subjective Knee Form is an excellent evaluation 
instrument for Dutch patients with knee-related injuries. 

Keywords: knee; International Knee Documentation Committee (IKDC); knee 
outcomes instrument; validation
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Introduction

Evaluation and refinement of new techniques is essential for the evolution of 
every type of surgery. The evaluation of the results achieved is an important link 
in this chain of improvements. To provide adequate tools for this evaluation in 
knee surgery, several subjective knee scores have been developed during the 
past years [2,5,7-8,15-16]. Most of the available self-administered questionnaires are 
disease specific instead of knee specific. 

Questionnaires that are designed as subjective scoring systems can be used 
in countries other than the ones in which they were developed if they are 
translated and validated for a specific language and population [10-11,17]. For the 
Netherlands, only the Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) and Oxford 12 Questionnaire score are translated and validated 
for use in the Dutch population. Both are especially designed for osteoarthritis 
and not for use in other knee-related problems. 

In 2004 the WOMAC was translated and validated for Dutch patients with 
osteoarthritis by Roorda et al. [19] It is widely used and is translated and validated 
in several languages [2,19]. This disease-specific questionnaire measures health-
related quality of life by mainly scoring pain and physical functioning. 
The Oxford 12 Questionnaire score was translated and validated for the 
Dutch population by Haverkamp et al in 2005 [12]. This questionnaire is widely 
accepted, is translated and validated into several languages, and is designed 
for knee arthroplasty patients [8-9,12]. 
The above-mentioned subjective knee-scoring systems are applicable only 
to patients with osteoarthritis. There is no properly validated internationally 
used scoring system for other knee-related problems available for the Dutch 
population. 

In 2001, the International Knee Documentation Committee (IKDC) presented 
a knee-specific subjective outcome measurement. The IKDC Subjective Knee 
Form was designed to measure symptoms and limitations in function and 
sports activity due to impairment of the knee for every knee-related injury 
[13-14]. Currently, the Subjective Knee Form is widely used for the evaluation of 
several types of interventions concerning knee-related problems, especially 
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for ligamentous injury. In a review on available outcome measurements 
for ligament injuries of the knee, Johnson and Smith stated that the IKDC 
Subjective Knee Form is the preferred measurement tool [15]. 
A validated Dutch version of the IKDC Subjective Knee Form is important for knee-
related research in the Netherlands. In addition, a validated Dutch translation 
of this well-established and widely used questionnaire could be a very useful 
measurement tool in performing multinational studies and comparing results 
to international research. Therefore, we performed a translation and validation 
of the IKDC Subjective Knee Form, not merely to provide a valid questionnaire 
for the Dutch population, but also as a demonstration of how the IKDC form 
can be translated into several other languages without losing its validity.

Methods

The IKDC Subjective Knee Form
The IKDC Subjective Knee Form was designed in 2001 to measure symptoms 
and limitations in function and sports activity due to impairment of the knee 
for every knee-related injury. The form consists of 10 questions regarding 
symptoms, sports activities, and function. The final score can be calculated 
from this form if at least 90% of the items are answered. The IKDC Subjective 
Knee Form is scored by summing the scores for the individual items and then 
transforming the score to a scale that ranges from 0 to 100. 

Translation procedure
A Dutch translation was made using a forward-backward translation protocol 
according to the guidelines of Guillemin et al. [10-11]. Two translations were 
made independently and translated backward by 2 independent individuals. 
These versions were compared with the original by a committee, and the 
final translation was made. The last step of the translation procedure was the 
pretesting on several patients. We concluded that no major cultural difference 
was present between the Dutch and American populations; therefore, no 
attempt was made to make cultural adaptations to the questionnaire. 
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Patients
We selected 145 consecutive patients from our outpatient clinic with a variety 
of knee-related problems. The mean age was 54.6 years (range, 21-84), and 42% 
were men. Osteoarthritis was the reason for consultation in 90 patients (62%), 
including 17 patients with patellofemoral osteoarthritis. In 42 patients (29%) 
the reason was a meniscal lesion, and in 13 patients (9%) it was a ligament 
problem. 

Questionnaires
All patients were asked to answer a questionnaire containing the translated 
IKDC Subjective Knee Form, the Dutch Oxford 12 Questionnaire score, a visual 
analog scale (VAS) score (0-100 mm), the Dutch WOMAC score, and the Short 
Form-36 (SF-36) [1-2,5,8,12-13,18-19]. All patients also received a second questionnaire 
containing the IKDC Subjective Knee Form, which they were asked to complete 
after 7 days. 

Testing
The Dutch version of the IKDC Subjective Knee Form was tested for reliability 
and validity. When a questionnaire is developed or translated, the most 
important consideration is that it must be able to measure accurately measure 
that for which it is designed. Evaluating the reliability and validity can prove this 
accuracy. Reliability means that the questionnaire should produce consistent 
or reproducible values under different situations. Validity refers to how precise 
the “true value” is estimated by the questionnaire. We did not test the imposed 
patient burden, that is time and effort taken to complete the questionnaire, 
because it can be expected to be identical to the original version.

Reliability
To determine the test-retest reliability, a second questionnaire was given to 
all patients; 71 patients responded. Patients were asked to complete the 
questionnaires with a 1-week interval under similar circumstances and return 
them immediately after completion. Test-retest reliability was assessed using 
the intraclass coefficient (ICC) and the Pearson correlation coefficient [3]. Paired 
t tests were performed to determine the systematic difference between the 
first and second test.
Internal consistency was assessed using the Cronbach’s alpha [6,9]. Cronbach’s 
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alpha addresses the homogeneity of the questions within a questionnaire 
and is complimentary to the ICC as a metric of reliability. An alpha of 0.7 is 
considered fair, 0.8 good, and 0.9 excellent internal consistency. 

Validity
We tested the construct validity of the Dutch IKDC subjective knee score by 
comparing it to a 100-mm VAS for pain, the 3 domains of the WOMAC score, 
the relevant domains of the SF-36, and the Dutch Oxford 12 Questionnaire 
score. Construct validity was evaluated by calculation the Pearson correlation 
coefficients between these scores. 
Convergent and divergent validities were assessed by using the 8 domains of 
the SF-36, in which the correlations with the domains of bodily pain, role of 
physical limitations, and physical functioning were assumed to be higher than 
correlations with the other domains [4].
Content validity is evaluated by assessing the distribution and occurrence of 
floor and ceiling effects. A floor effect occurs with a score of 0, which is the 
poorest score for the patient; a ceiling effect occurs with a score of 100, which 
is the best possible score for the patient. Construct, convergent, and divergent 
validities were tested for all patients, as for each indication, separately. 

Statistics
The statistical analysis was conducted with SPSS 12 statistical package, version 
12.01 (SPSS Science Inc, Chicago, Ill), and p < .05 was considered statistically 
significant.

Results

Reliability
The test-retest reliability showed an ICC of 0.96 (p < 0.001; 95% confidence 
interval, 0.94-0.97) and a strong correlation using Pearson correlation analysis 
(r = 0.92, p < 0.01). Internal consistency was strong, with a Cronbach’s alpha of 
0.92. The mean difference between the IKDC Subjective Knee Form of the first 
and second questionnaires was 0.4 (not significant, p = 0.51) on a scale of 0 to 
100. No statistical significant difference was observed between the first and 
second IKDC score (p = 0.51).
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 Validity
The Dutch IKDC Subjective Knee Form showed a good correlation with the 
VAS, Oxford 12 Questionnaire score, the WOMAC score, and the bodily pain and 
physical functioning domains of the SF-36. Note that the correlations for the VAS 
and Oxford 12 score are negative because of their reciprocal nature. Because 
the other domains of the SF-36 show a lower correlation, the convergent and 
divergent validity can be considered as good (Table 1) [3,9]. 

Table 1: Pearson Correlation Coefficients of the IKDC, Oxford 12-item knee score, VAS, Womac and SF36 
scores.

Dutch IKDC subjective 
Knee Form

Original IKDC subj Knee 
Form validation

Pain VAS -0.62*

Womac (total) 0.77*

Womac Pain 0.68*

Womac Stiffnes 0.65*

Womac Functioning 0.76*

Oxford 12 Q -0.77*

SF36

Physical Functioning (PF) 0.71* 0.63*

Role limitation due to Physical problems (RP) 0.55* 0.47*

Role limitation due to Emotional problems (RE) 0.30* 0.26*

Social Functioning (SF) 0.42* 0.47*

Mental Health (MH) 0.21* 0.25*

Energy Vitality (VT) 0.40* 0.39*

Bodily pain (BP) 0.69* 0.64*

General Health Perception (HP) 0.41* 0.30*

*All correlations are significant with p<0.01

Content validity
The Dutch IKDC Subjective Knee Form showed a good content validity. The 
calculated scores were normally distributed, and no ceiling or floor effect 
occurred (Figure 1).

Subanalysis
A subanalysis was performed for the different indications: osteoarthritis, 
meniscal injury, and ligamentous injuries. For all groups separately, the 
reliability and validity remained excellent for the Dutch IKDC Subjective Knee 
Form (Table 2 and 3). 
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Figure 1, Distribution of Calculated IKDC Subjective Knee Scores.

Table 2: Construct validity of Oxford 12Q and WOMAC for non-OA patients (Pearson correlation (r))

WOMAC Oxford 12 
Questionnaire

IKDC 
Subj. Knee Form

VAS 0.79 0.66 0.59
SF-36 Q1* 0.84 0.89 0.73
SF-36 Q2# 0.54 0.61 0.59
SF-36 Q7+ 0.81 0.80 0.74

* SF-36 Physical functioning, # SF-36 Role limitations physical, + SF-36 Bodily pain.
All correlations are significant with p<0.01

Table 3: Construct validity of Oxford 12Q and WOMAC for OA patients (Pearson correlation (r))

WOMAC Oxford 12 
Questionnaire

IKDC 
Subj. Knee Form

VAS 0.83 0.85 0.64
SF-36 Q1* 0.74 0.81 0.69
SF-36 Q2# 0.65 0.59 0.53
SF-36 Q7+ 0.82 0.83 0.67

* SF-36 Physical functioning, # SF-36 Role limitations physical, + SF-36 Bodily pain.
All correlations are significant with p<0.01
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Discussion

The goal of this study was to translate and validate the original IKDC Subjective 
Knee Form for knee-related injury for the Dutch population. None of the items 
in the original form caused any problems during the translation process since 
all of these items are universal for all patients. Therefore, no cultural adaptation 
was necessary in the translation procedure [11,17]. 
Internal consistency was high (Cronbach’s alpha 0.9) for the Dutch IKDC 
Subjective Knee Form. A high Cronbach’s alpha indicates good internal 
consistency; however, a Cronbach’s alpha higher than 0.9 could indicate 
redundancy. To investigate the presence of redundancy, Cronbach’s alpha 
was calculated for the questionnaire while leaving out 1 question each time. 
Elimination of items resulted in lower internal consistencies; therefore, no 
items had to be excluded from the Dutch version [6]. 
We did not investigate patient burden because this can be considered identical 
to the original version of the IKDC Subjective Knee Form and is not influenced 
by the translation of the questionnaire. 
Content validity appeared to be good. However, only patients with current 
knee complaints were included in the study; this means that floor and ceiling 
effects were not investigated after treatment. Theoretically, it could be possible 
that a ceiling effect occurs after treatment of the knee injury; however, this did 
not occur in the original version of the IKDC Subjective Knee Form. Therefore, it 
can be expected that this effect is also absent in the Dutch version of this form. 
In our study, 63% of patients had osteoarthritis of the knee. In the original 
validation of Irrgang et al, this percentage was much lower at 17%. Subanalysis 
of the group of patients with a diagnosis other than osteoarthritis also showed 
excellent reliability and validity of our Dutch version of the IKDC Subjective 
Knee Form [13]. 
For evaluating the construct validity, we used the WOMAC and Oxford 12 
Questionnaire, as well as the VAS and SF-36. In the validation process of the 
original version of the IKDC subjective knee score, the SF-36 was used as the 
only measurement for construct validity [13]. Other questionnaires, such as 
the Knee and Osteoarthritis Outcome Score, could have been used to test 
the construct validity. However, because no validated Dutch translations 
are available for these questionnaires, we thought it inappropriate to use 
them to test construct validity of our translation. The WOMAC and Oxford 12 
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Questionnaire are validated only for osteoarthritis and not for all other knee-
related injuries [2,8,12,19]. We performed a subanalysis for the construct validity 
of all patients with diagnosis other than osteoarthritis for these scores against 
the VAS and SF-36 physical functioning, role of physical limitations, and bodily 
pain domains. 
For patients with osteoarthritis of the knee, the Oxford 12 Questionnaire score 
showed the best construct validity of the 3 subjective outcome measurements; 
also the WOMAC showed a strong construct validity for patients with 
osteoarthritis of the knee. The construct validity of the IKDC subjective knee 
score for patients with osteoarthritis is lower than that of scores especially 
developed for measuring symptoms of osteoarthritis. For nonosteoarthritis 
knee patients, the construct validity of the Oxford 12 Questionnaire seems 
superior to that of the IKDC Subjective Knee Form. For both scores, the ICC was 
excellent for this patient group (ICC, 0.95 vs 0.97); however, the convergent and 
divergent validities of the Oxford 12 Questionnaire is poor in nonosteoarthritis 
patients (strong floor effect), whereas the convergent and divergent validities 
of the IKDC subjective knee score is excellent in these patients (Tables 2 
and 3). Construct validity alone is not sufficient to judge the suitability of a 
questionnaire for a specific population. In this case, the poor convergent and 
divergent validities make the Oxford 12 Questionnaire less suitable for the 
nonosteoarthritis population, meaning that overall, the IKDC subjective knee 
score is the most suitable questionnaire for the nonosteoarthritis patient group. 
Our results showed that the Dutch version of the IKDC Subjective Knee Form 
is an excellent outcome measurement tool for knee-related research for all 
knee related injuries. However, for osteoarthritis of the knee, the Oxford 12 
Questionnaire score was shown to have better construct validity.      

Conclusion

The Dutch IKDC Subjective Knee Form proved to be an excellent evaluation 
instrument for the Dutch orthopaedic surgeon, to be used for all patients with 
knee-related injury. The validity of the original IKDC Subjective Knee Form was 
retained after the translation procedure, making it possible to translate it into 
other languages as well. 
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IKDC VRAGENLIJST VOOR DE HUIDIGE GEZONDHEIDSTOESTAND  (SF-36)   
 
Achternaam_____________________  Voornaam________________________  
 
Geboortedatum _____/______/______ Geslacht     Man �     Vrouw � 
 
Huidige datum ______/______/______ 
 
1. Hoe zou u over het algemeen uw gezondheid noemen?  
� Uitstekend   � Zeer goed  � Goed       � Matig  � Slecht 
 
2. Hoe beoordeelt u nu uw gezondheid over het algemeen, vergeleken met een jaar geleden?  
� Veel beter nu dan een jaar geleden  
� Wat beter nu dan een jaar geleden  
� Ongeveer hetzelfde nu als een jaar geleden  
� Wat slechter nu dan een jaar geleden  
� Veel slechter nu dan een jaar geleden 
 
3. De volgende vragen gaan over bezigheden die u misschien doet op een doorsnee dag. Wordt u door uw 

gezondheid op dit moment beperkt bij deze bezigheden?  
Zo ja, in welke mate?      Ja,   Ja,   Nee,  
       ernstig   een beetje  helemaal niet  

       beperkt  beperkt  beperkt 
 
a. Forse inspanning, zoals hardlopen, tillen van  
zware voorwerpen, een veel eisende sport beoefenen  �  �  � 
 
b. Matige inspanning, zoals een tafel verplaatsen,  
stofzuigen, zwemmen of fietsen     �  �  � 
 
c. Boodschappen tillen of dragen     �  �  � 
 
d. Een paar trappen oplopen     �  �  � 
 
e. Eén trap oplopen      �   �   � 
     
f. Bukken, knielen of hurken     �   �   � 
 
g. Meer dan een kilometer lopen     �   �   � 
 
h. Een paar honderd meter lopen    �   �   � 
 
i. Ongeveer honderd meter lopen     �   �   � 
 
j. U zelf wassen of aankleden     �   �   � 
 
 
4. Heeft u in de afgelopen 4 weken, één van de volgende problemen bij uw werk of andere dagelijkse 
bezigheden gehad, ten gevolge van uw lichamelijke gezondheid? 
         JA   NEE  
a. U besteedde minder tijd aan werk of andere bezigheden    �   �  
 
b. U heeft minder bereikt dan u zou willen     �   �  
 
c. U was beperkt in het soort werk of andere bezigheden    �   �  
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5. Heeft u in de afgelopen 4 weken, één van de volgende problemen ondervonden bij uw werk of andere 
dagelijkse bezigheden ten gevolge van emotionele problemen (zoals depressieve of angstige gevoelens)? 
         JA   NEE  
a. U besteedde minder tijd aan werk of andere bezigheden    �   �  
 
b. U heeft minder bereikt dan u zou willen      �   �  
 
c. U deed uw werk of andere bezigheden niet zo zorgvuldig als gewoonlijk  �   �  
 
6. In hoeverre hebben uw lichamelijke gezondheid of emotionele problemen u gedurende de afgelopen 4 

weken gehinderd in uw normale omgang met familie, vrienden of buren, of bij activiteiten in groepsverband?  
 
�Helemaal niet  �Enigszins  �Nogal   �Veel   �Heel erg veel  
 
7. Hoeveel lichamelijke pijn heeft u de afgelopen 4 weken gehad?  
 
�Geen   �Heel licht  �Licht   �Nogal   �Ernstig  �Heel ernstig  
 
8. In welke mate bent u de afgelopen 4 weken door pijn gehinderd in uw normale werk (zowel werk buitenhuis 

als huishoudelijk werk)?  
 
�Helemaal niet  �Een klein beetje �Nogal  �Veel   �Heel erg veel 
 
9. Deze vragen gaan over hoe u zich voelt en hoe het met u ging in de afgelopen 4 weken. Wilt u a.u.b. bij 

iedere vraag het antwoord geven dat het best benadert hoe u zich voelde.  
Hoe vaak gedurende de afgelopen 4 weken: 
      Altijd  meestal    vaak    soms  zelden  nooit 
a. Voelde u zich levenslustig?     � �     �   � � � 
  
b. Was u erg zenuwachtig?   � �     �   � � �    
 
c. Zat u zo in de put dat niets u kon opvrolijken?  � �     �   � � � 
 
d. Voelde u zich rustig en tevreden?   � �     �   � � � 
 
e. Had u veel energie?      � �     �   � � � 
 
f. Voelde u zich somber en neerslachtig?  � �     �   � � � 
  
g. Voelde u zich uitgeput?    � �     �   � � �  
   
h. Was u een gelukkig mens?    � �     �   � � � 
 
i. Voelde u zich moe?     � �     �   � � � 
 
10. Hoe vaak hebben uw lichamelijke gezondheid of emotionele problemen u gedurende de afgelopen 4 weken 

gehinderd bij uw sociale activiteiten (zoals vrienden of familie bezoeken, etc.)?  
 
   �Altijd   �Meestal  �Soms   �Zelden  �Nooit 
 
11. Hoe juist of onjuist is elk van de volgende uitspraken voor u?  

   volkomen  grotendeels  weet    grotendeels  volkomen  
   juist   juist   ik niet    onjuist  onjuist  

a. Ik lijk wat makkelijker ziek te  
worden dan andere mensen   �   �   �    �   �  

b. Ik ben even gezond als andere  
mensen die ik ken    �   �   �    �   � 
c. Ik verwacht dat mijn gezondheid  
achteruit zal gaan    �   �   �    �   � 
d. Mijn gezondheid is uitstekend  �   �   �    �   � 
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SYMPTOMEN*:  
*Beoordeel de symptomen op het hoogste niveau van activiteiten waarop u kunt functioneren zonder significante 
klachten of symptomen, ook al voert u geen activiteiten uit op dit niveau.  
 
1. Wat is het hoogste niveau van activiteiten dat u kunt bereiken zonder aanzienlijke pijn in uw knie.  

� Erg Inspannende activiteiten, zoals springen, of draaibeweging zoals in basketbal of voetbal  

� Inspannende activiteiten, zoals zwaar lichamelijk werk, skiën of tennis.  

� Matige activiteiten, zoals matig lichamelijk werk, rennen of joggen.  

� Lichte activiteiten zoals lopen, huishoudelijk werk of werken in de tuin.  

  � Geen van de bovengenoemde activiteiten door pijn in de knie. 

 
2. Hoe vaak hebt u in de laatste 4 weken, of sinds uw ongeval, pijn gehad?  
 

0  1  2  3  4  5  6  7  8  9  10  
Nooit  �  �  �  �  �  �  �  �  �  �  �  Constant  
 
3. Als u pijn heeft, hoe erg is deze dan? 
  
Geen 0  1  2  3  4  5  6  7  8  9  10  
pijn  �  �  �  �  �  �  �  �  �  �  �  Pijn  
 
4. Hoe stijf of gezwollen was uw knie in de laatste 4 weken, of sinds uw ongeval?  

�  Niet 

�  Mild  

�  Matig  

�  Erg  

�  Zeer erg  

5. Wat is het hoogste niveau van activiteiten dat u kunt bereiken zonder een aanzienlijke zwelling van uw knie? 
�  Erg Inspannende activiteiten, zoals springen, of draaibeweging zoals in basketbal of voetbal. 

�  Inspannende activiteiten, zoals zwaar lichamelijk werk, skiën of tennis.  

�  Matige activiteiten, zoals matig lichamelijk werk, rennen of joggen.  

�  Lichte activiteiten zoals lopen, huishoudelijk werk of werken in de tuin.  

 �  Geen van de bovengenoemde activiteiten vanwege zwelling van de knie. 

6. Heeft u in de laatste 4 weken, of sinds uw ongeval, last gehad van slot en/of zwikklachten?  
□Ja  □Nee  
 

7. Wat is het hoogste niveau van activiteiten dat u kunt bereiken zonder dat u door uw knie zwikt?  
�  Erg Inspannende activiteiten, zoals springen, of draaibeweging zoals in basketbal of voetbal.  

�  Inspannende activiteiten, zoals zwaar lichamelijk werk, skiën of tennis.  

�  Matige activiteiten, zoals matig lichamelijk werk, rennen of joggen.  

�  Lichte activiteiten zoals lopen, huishoudelijk werk of werken in de tuin.  

 �  Geen van de bovengenoemde activiteiten door knie-instabiliteit. 

8. Wat is het hoogste niveau van activiteiten waaraan u regelmatig kunt deelnemen?  
�  Erg inspannende activiteiten, zoals springen, of draaibeweging zoals in basketbal of voetbal.  

�  Inspannende activiteiten, zoals zwaar lichamelijk werk, skiën of tennis.  

�  Matige activiteiten, zoals matig lichamelijk werk, rennen of joggen.  

�  Lichte activiteiten zoals lopen, huishoudelijk werk of werken in de tuin.  

 �  Geen van de bovengenoemde activiteiten door de knie. 
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9. Hoe moeilijk zijn de volgende activiteiten voor u, door uw knieklachten? 
 

 Niet 
moeilijk 

Iets 
moeizaam  

Moeilijk  Erg 
moeilijk  

Onmogelijk  

a
  

Trap oplopen  �  �  �  �  �  

b  Trap aflopen  �  �  �  �  �  
c Op uw knieën zitten  �  �  �  �  �  
d  Hurken  �  �  �  � �  
e  Zitten (met gebogen knieën)  �  �  �  �  � 
f  Opstaan uit een stoel  �  �  �  �  �  
g  Rechtdoor hardlopen  �  �  �  �  �  
h Springen en neerkomen op het 

aangedane been  
�  �  �  �  �  

i Snel starten en stoppen bij 
lopen  

�  �  �  �  �  

 
 
FUNCTIE:  
10. Hoe wilt u de functie van uw knie beoordelen op een schaal van 0 tot 10, als 10 normaal/perfecte functie 

betekent, en 0 betekent dat uw kniefunctie ervoor zorgt dat u geen van uw normale activiteiten kunt 
uitvoeren (inclusief sport).  

 
 FUNCTIE VOOR UW KNIELETSEL: 
 
Kan geen dagelijkse 0     1 2     3  4     5  6     7  8      9  10  Geen beperking in 
activiteiten uitvoeren        �   �   �   �   �   �   �   �   �    �  �  dagelijkse activiteiten 
 
 
 HUIDIGE FUNCTIE VAN UW KNIE:  
 
Kan geen dagelijkse  0     1 2     3  4     5  6     7  8      9  10  Geen beperking in 
activiteiten uitvoeren  �   �   �   �   �   �   �   �   �    �  �  dagelijkse activiteiten 
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Abstract

Purpose 
To translate and validate the Kujala Anterior Knee Pain Scale (AKPS) in patients 
who have undergone Total Knee Arthroplasty (TKA) or Unicompartmental Knee 
Arthroplasty (UKA) and evaluate the internal consistency, construct validity 
and ceiling or floor effect. 

Methods
After standard forward and backward translation was performed, 302 
patients who have received a TKA or UKA filled out the AKPS together with 
Hospital for Special Surgery (HSS) patella score, Visual Analogue Score (VAS) 
for pain, the Oxford 12-item knee questionnaire and the SF-36 at follow-up. 
The internal consistency was tested using Cronbach’s alpha coefficient. The 
construct validity was assessed using Spearman’s rank correlation (R) to test 
for correlations between the AKPS and VAS HSS, HSS patella score, VAS month, 
Oxford 12-item knee questionnaire and SF-36 subscales. Ceiling or floor effects 
are given in percentage of patients giving a maximum or minimum score.

Results
The internal reliability of the AKPS is acceptable with a Cronbach’s alpha of 0.81 
in patients after TKA or UKA. A high correlation was found between the AKPS 
and the Oxford 12-item questionnaire (R = 0.81). Moderate correlations were 
found with the VAS month (R = 0.63), HSS patella score (R = 0.51) and SF-36 
subscales physical functioning (R = 0.59), role-physical (R = 0.59), bodily pain (R 
= 0.57). Other correlations were poor, therefore indicating a good convergent 
and divergent validity. Ceiling effects were observed for the HSS patella score 
(31%), VAS HSS (51%), VAS pain (19%), SF36-RP (46%), SF36-RE (80%), SF36-BP 
(24%). No ceiling or floor effect was found for the AKPS, Oxford 12-item knee 
questionnaire, and the other SF36 domains. 
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Conclusions
The AKPS appears to be reliable and valid in patients after knee arthroplasty, 
with no ceiling and floor effects, and can be used to assess anterior knee pain 
in patient who underwent joint replacement surgery.

Level of Evidence
Diagnostic study, level I
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Introduction

Total Knee Arthroplasty (TKA) and Unicompartmental Knee Arthroplasty (UKA) 
are highly effective for treating patients with complaints caused by rheumatoid 
arthritis or osteoarthritis of the knee [9]. However successfully, approximately 
10 percent of the patients experience Anterior Knee Pain (AKP), also reported 
as patellofemoral pain (PFP), after TKA[1,6,14,28]. In patients following UKA, it has 
been reported that up to 48% of patients had some form of AKP at two years 
after surgery [25]. This pain hinders patients in their everyday lives, especially 
with walking stairs, standing up from a chair or cycling. 
A reliable and valid questionnaire is lacking and needed to adequately 
assess the problem of AKP in patients following knee arthroplasty. Currently 
used questionnaires do not adequately assess AKP in patients following TKA 
or UKA. Even with good to excellent scores on widely used questionnaires, 
these patients can still suffer from AKP. This results in an under-reporting of 
AKP in arthroplasty patients. The Kujala Anterior Knee Pain Scale (AKPS), also 
called the Anterior Knee Pain scale, is a validated tool to evaluate PFP or AKP 
[11,23]. It was reported first in English and has been translated and validated in 
Finnish [23], Persian [26], Chinese [10] and Turkish [24]. It has not yet been validated 
in patients after joint replacement surgery of the knee and a validated Dutch 
patient reported outcome measure (PROM) for AKP is lacking. 
The number of patients with AKP following surgery is likely to increase in 
coincidence with an expected rise of TKA’s being performed [9]. Currently, each 
year about 20,000 TKA are performed in the Netherlands, but the estimation 
is that this number will increase to 60,000 a year in 2030 [27]. This is expected 
to result in an increase in patients with AKP at following TKA or UKA. If the 
AKPS would be validated for TKA and UKA patients, AKP could be more 
adequately diagnosed and followed. It can be used by orthopaedic surgeons 
and physical therapists to assess the amount of complaints from AKP perceived 
by the patient and to evaluate treatment strategies. Greater attention to and 
understanding of AKP will aid in developing new strategies for significant pain 
relief and overall patient satisfaction after TKA or UKA.
The purpose of this study was therefore to translate and validate the AKPS in 
patients who have undergone TKA or UKA and evaluate the internal consistency, 
construct validity and ceiling or floor effects.
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Material and methods

It was deemed that the Medical Research Involving Human Subjects Act (WMO) 
does not apply to the study due to the fact that only questionnaires were used 
and official approval was not required. To validate the AKPS in patients who 
have undergone TKA or UKA in the Netherlands, the questionnaire first needed 
to be translated in Dutch. 

Translation process
The procedures recommended by the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR) and other cross-cultural 
adaptation and translation studies were followed [4]. First, forward translation 
from English to Dutch was performed by three independent people, a 
PhD-student, an orthopaedic resident and an orthopaedic surgeon. These 
translations were then combined in a consensus meeting with a fourth person 
acting as referee in case of a difference of opinion. After the translation to Dutch, 
the questionnaire was re-translated into English by a native-speaking English 
person blinded for the original English version of the AKPS. Two research 
fellows in the field of Orthopaedics checked the translation for equality to the 
original English AKPS. No inconsistencies were found. Before the actual study 
commenced a pilot study was performed in a small group of 15 patients to 
evaluate the questionnaire. There were no problems, and the Dutch AKPS was 
deemed ready for the validation process.

Patients
Following the translation process a multicenter study was set up. The AKPS 
(appendix 1) was given to patients at follow-up evaluation in the hospital after 
having undergone TKA or UKA in one of four participating hospitals. Next to 
the AKPS, patients also received and filled out the Hospital for Special Surgery 
(HSS) patella score [19], visual analogue score (VAS) for pain in the last month 
[11], the Oxford 12-item knee questionnaire [12,17] and the SF-36 at follow-up [32]. 
Re-evaluation was done by a nurse practitioner or a doctor working in the 
orthopedic department, and the patient filled out the questionnaires. The 
VAS is a continuous score from 0 to 100 that is used to determine the level 
of pain [11]. The Oxford 12 is a knee-specific questionnaire; every item has a 
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score from 1 to 5 (from less to most difficult or serious) and a total score with 
a range from 12 to 60 [12,17]. The AKPS, also known as the anterior knee pain 
score, is a 13-item questionnaire including different items on pain related to 
function and activities [11,23]. The score has a range from 0 to 100, and higher 
scores indicate less disability. The Hospital for Special Surgeries patella (HSS 
patella) score is a knee-specific questionnaire, which contains subjective and 
objective questions relating to anterior knee pain [19]. The score has a range 
from 0 to 100, and higher scores indicate best-case scenario. The SF-36 is a 
general health-related quality of life instrument [32]. Thirty-six questions reflect 
eight dimensions of functioning: Physical Functioning (PF), Role limitation 
resulting from Physical problems (RP), Role limitation resulting from Emotional 
problems (RE), Social Functioning (SF), Mental Health (MH), energy Vitality (VT), 
Bodily Pain (BP), and General Health perception (GH). The score has a range 
from 0 to 100 per dimension. Higher scores indicate a better quality of life. This 
score also contributes to determining patient satisfaction. 

Statistical analysis
As measure of reliability, the internal consistency was evaluated, since the 
patients had a single assessment. The internal consistency is the degree to 
which items of (sub)scales are intercorrelated and was assessed by calculation 
of Cronbach’s alpha coefficient [30]. A Cronbach’s alpha coefficient of 0.7 or 
higher is considered satisfactory [5]. 
In the absence of a gold standard, construct validity was assessed using 
Spearman’s rank correlation coefficient (R). The correlation value was 
considered to be very strong if it was between 0.9 and 1.0, strong if it was 
between 0.7 and 0.9, moderate if it was within 0.5–0.7, and weak if it was below 
0.5 [10,18]. As it is hypothesized that the AKPS measures a different but related 
construct that are measured by the currently available questionnaires, and 
therefore is an addition to the current set of questionnaires, the correlations 
are not expected to be very high. For determination of the construct validity, 
convergent and divergent validity were evaluated. Convergent validity was 
tested by hypothesising strong and moderate correlations between the AKPS 
and (items of ) questionnaires that measure similar constructs like the VAS HSS, 
HSS patella score, VAS month, Oxford 12-item questionnaire and the physical 
domains of the SF36 (PF, RP, BP). Divergent validity was tested by hypothesizing 
weak correlations between the AKPS and (items of ) questionnaires that are 
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expected to measure different constructs like the mental domains of the SF36 
(VT, RE, SF, MH and GH). 
The presence of ceiling and floor effects was evaluated using the percentages 
of patients having the maximum or minimum score. In defining what a 
floor/ceiling effect is, we used the gold standard, being the COSMIN criteria. 
According to these quality criteria and the definitions by Terwee et al, less than 
15% of patients having a minimum or maximum score means there are no floor 
or ceiling effects [30].

Results

Three hundred and six patients filled out the set of questionnaires at an average 
of 13.2 months after TKA or UKA (SD = 6.8). The descriptives of the scores are 
presented in table 1. 
The internal consistency of the AKPS was good with a Cronbach’s alpha of 0.81 
in patients with a TKA as well as UKA. A strong correlation was found between 
the AKPS and the Oxford 12-item questionnaire (R = 0.84). The criteria set for 
convergent validity was met with moderate correlations for HSS patella score 
(R = 0.51), VAS month (R = 0.63) and SF-36 subscales Physical Functioning (R 
= 0.59), Role-Physical (R = 0.54), Bodily Pain (R = 0.57) however not for the 
VAS HSS (R = 0.45). The criteria set for divergent validity was met with other 
correlations being poor (table 2).
Floor effects were only present for the SF36-RP, and ceiling effects were 
observed for the HSS patella score, VAS HSS, VAS pain, SF36-RP, SF36-RE, and 
SF-36-BP. The AKPS score did not show a floor or ceiling effect (table 1 and 
figure 1). 
The Kujala questionnaire had a total of 6 not answered questions in a total of 
306 questionnaires (3,978 items), resulting in 0.15% unanswered questions. 
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Table 1. Descriptives of the scores (PF=Physical Functioning, RP=Role limitation resulting from Physical 
problems, RE= Role limitation resulting from Emotional problems, SF=Social Functioning, MH=Mental 
Health, VT=energy Vitality, BP= Bodily Pain, GH=General Health perception). Floor and ceiling effects are 
present if % floor or % ceiling >15% (bold).

Mean (SD) Median (min-max) % Floor % Ceiling
Kujala score 68.3 (18.9) 69.0 (15-100) 0 % 4 %
VAS month 20.1 (23.8) 10 (0-95) 0 % 19 %
Oxford 12-item questionnaire 22.0 (9.0) 20 (12-54) 0 % 10 %
HSS patella 83.5 (20.3) 95 (15-100) 0 % 31 %
VAS HSS 41.7 (11.5) 50 (10-50) 0 % 51 %
SF36

PF 64.0 (24.1) 67.5 (5-100) 0 % 3 %
RP 60.0 (41.8) 75 (0-100) 22 % 46 %
RE 85.4 (32.0) 100 (0-100) 9 % 80 %
SF 73.6 (19.9) 77.8 (0-88.9) 1 % 0 %
MH 81.0 (16.7) 84 (0-100) 1 % 13 %
VT 68.0 (16.7) 84 (0-100) 0 % 6 %
BP 72.3 (23.6) 77.8 (0-100) 1 % 24 %
GH 70.14 (21.7) 75.0 (5-100) 0 % 6 %

Table 2. Spearman correlation between the Kujala and the other scoring systems (PF=Physical 
Functioning, RP=Role limitation resulting from Physical problems, RE= Role limitation resulting from 
Emotional problems, SF=Social Functioning, MH=Mental Health, VT=energy Vitality, BP= Bodily Pain, 
GH=General Health perception). All correlation coefficients are statistically significant (p<0.01).

Speaman’s correlation with the Kujala score (n=302)
VAS month 0.63
Oxford 12-item questionnaire 0.84
HSS patella 0.51
VAS HSS 0.45
SF36

PF 0.59
RP 0.54
RE 0.22
SF 0.37
MH 0.27
VT 0.46
BP 0.57
GH 0.33
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Table 3. Overview of different validity and reliability tests that have been reported in the different 
language validations of the Kujala. aCrohnbach’s alpha, bTest-retest reliability

This study (Dutch 
version)

Original 
Kujala

Turkish Persian Chinese

Construct Validity (correlations 
to similar constructs)

+ + Not tested + +

Content Validity (floor/ceiling 
effects)

+ + Not tested + Not tested

Convergent and divergent 
validity (hypothesis of higher 
correlations to similar and 
lower correlations to different 
constructs)

+ Not tested Not tested + +

Reliability +a Not tested +a, b +a, b +a, b

Figure 1, Ceiling effects in percentages for the Hospital for Special Surgery (HSS) patella score, the SF-36 
(PF=physical functioning, RP=role limitation resulting from physical problems, RE=role limitation 
resulting from emotional problems, SF=social functioning, MH=mental health, VT=energy vitality, 
BP=bodily pain, GH=general health perception), the Oxford Knee Score, Kujala Anterior Knee Pain Scale 
(AKPS) and the Visual Analogue Score (VAS) for pain

Discussion

The most important finding of the present study was that the AKPS 
demonstrated a good internal reliability and good construct validity and that 
ceiling or floor effect of the AKPS were not observed in patients with AKP 
following TKA or UKA. Furthermore, this is the first study to translate the AKPS 
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to Dutch and validate it for use in patients following TKA or UKA. An overview 
of several validity and reliability tests that have been reported in previous 
literature is shown in table 3.
Low floor and ceiling percentages are found in instruments with good 
content validity [15]. Most of the questionnaires, or subscales of questionnaires, 
focussing on pain had a ceiling effect. In particular, the HSS patella score had a 
large ceiling effect. The objective part of the score consist of 35 of the 100 points, 
the VAS of 50 points, and the remaining 15 points result from a single question on 
functional limitations. The VAS is leading in this; if the VAS is maximal, it is almost 
impossible to score less than maximum on the other 50 points, basically because 
they are dichotomous questions, answered yes or no. The VAS is specific for anterior 
knee pain, so if none is present there is no further differentiation possible in the 
score; therefore ceiling effect occurs. Based on this ceiling effect, the score is less 
suitable for patient groups following joint replacement surgery. 
Only the correlation of the AKPS with the VAS HSS did not meet the criteria for 
convergent validity of moderate or high correlations (R > 0.5). This is probably 
due to the nonparametric distribution (ceiling effect) of the VAS HSS. Performing 
the analysis when leaving out scores with a maximum score on the VAS HSS, 
the spearman rho is 0.63 instead of 0.45 for the correlation with the AKPS. Very 
high correlations for convergent validity were not expected, as the hypothesis 
is that the AKPS measures complaints that are not evaluated with the other 
questionnaires. In other words, there should be some correlation between the 
questionnaires, as they all measure complaints of the knee, but the strength of 
the correlations can be somewhat different as they measure different aspects. 
The AKPS was originally designed for the evaluation of isolated patellofemoral 
pathologies [23]. If a patient has general complaints of functioning of the knee 
but no specific complaints of isolated anterior knee pain, the correlation might 
not be high but some correlation will be present due to a relation between 
the questions being asked. Hence the threshold for convergent validity is set 
to moderate to high but is not expected to be very high. The results found 
support the hypothesis that the dimensions are related but the questionnaire 
does not measure the exact same thing. It is therefore advised to administer the 
questionnaire in combination with a more general questionnaire to generate 
more information about the status of the knee.  
Based on literature, a Cronbach’s alpha coefficient of higher than 0.7 is acceptable 
for satisfactory internal consistency [5]. The Cronbach’s alpha coefficient of the 
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AKPS is higher than this threshold with a coefficient of 0.81. This is identical 
for the Persian, Turkish and Chinese translations for patellofemoral pain [10,24,26].
To evaluate the construct validity, the AKPS was checked for correlations with 
HSS patella Score, VAS month, Oxford 12-item knee questionnaire and SF-36 
subscales. These reference questionnaires were chosen as they are broadly 
used, validated and reliable. The AKPS was most strongly correlated with the 
Oxford 12-item knee questionnaire. The Oxford 12-item knee questionnaire 
is considered to be one of the most valuable questionnaires for assessing 
patients functional capabilities following TKA or UKA [15]. As AKP also affects 
functional possibilities, a strong association was expected between these two 
questionnaires.
The validation of the AKPS for AKP in TKA and UKA patients is important as it 
makes it possible to adequately follow up these patients and monitor them 
for AKP after surgery. Previous studies indicate that at least 10 percent of 
patients experience AKP after TKA [1,6,14,28]. Furthermore, in patients following 
UKA, it has been reported that up to 48% of patients had some form of AKP 
at two years after surgery [25]. The results of studies that report AKP are based 
upon more general questionnaires or Visual Analogue Scales (VAS) that do not 
assess AKP, or complaints following from AKP, specifically. Current outcome 
reports, like a recent study finding no relation between patellar blood flow and 
post-operative AKP [21] following TKA or UKA, might be underestimating the 
incidence and effect of AKP. 
For example, in an excellent meta-analysis, no difference was found in AKP 
between patients with patellar resurfacing and patients without patellar 
resurfacing during TKA [14]. When looking at studies that randomized between 
patellar resurfacing versus non-resurfacing that used AKP as an outcome 
measure, 5 studies found no significant difference [2,7-8,22,29] and 6 studies did 
find significant difference [16,20,13,31,33-34]. The incidence of reported AKP was 
highly variable, ranging from 4 to 47%. This indicates that the studies are not 
comparable. Furthermore, in UKA patients, no difference was found in outcome 
two years after UKA between patients that reported AKP prior to surgery and 
patients that reported no AKP prior to surgery [3]. Patellar symptoms following 
surgery may be dependent on the patella friendliness of the TKA and UKA 
implants. The results, and the following recommendations, might be different 
if a more sensitive questionnaire would be used to assess AKP. The use of the 
Kujala AKP scale will aid strengthening the evidence and recommendations 
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on the presence of AKP and AKP-related complaints following these generally 
successful considered treatments. Greater attention to and understanding of 
AKP will furthermore aid in developing new strategies for significant pain relief 
and overall patient satisfaction after TKA and UKA. 
To perform studies into specific complaints of anterior knee pain, the now 
validated AKPS can be used in combination with other questionnaires for further 
research. The Dutch validated version will also make it possible to compare 
surgical outcomes with respect to AKP between Dutch and English literature.
A limitation of the study is that no test-retest was performed. Test-retest 
results of the AKPS have been reported to be good in previous literature, and 
it was not deemed necessary to perform this analysis [10,23-24,26]. The validation 
was performed in patients following TKA or UKA. The results of this study can 
therefore not be generalized for patients suffering from chronic PFPS, patellar 
dislocation, patellar tendonitis or patellofemoral osteoarthritis. However, we 
expect that the AKPS can be used for all patients with AKP or PFP.
The strength of this study was that a large group of patients filled out the 
questionnaires. Furthermore due to the multicenter approach, with patients from 
both teaching as well as private hospitals, the results are expected to be externally 
valid. The AKPS can now be used by orthopaedic surgeons as well as physical 
therapists to assess complaints of AKP in patients following knee arthroplasty and 
can be used to evaluate effectiveness of certain treatment options, i.e. patellar 
prosthesis addition or isometric training programs, on complaints.

Conclusion

The AKPS appears to be a reliable and valid instrument in patients following 
TKA or UKA, without ceiling and floor effects, and can be used to assess patients 
with anterior knee pain.
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Appendix 1: Dutch Kujala

Voorste kniepijn score:

Patiënten ID:
Datum:________________________________
Knie: R / L

Omcirkel bij iedere vraag de keuze (letter) die uw kniesymptomen het best 
omschrijft. 

1. Loopt u mank?
a. Nee (5)
b. Soms (3)
c. Constant (0)

2. Kunt u belast lopen? 
a. Kan volledig belasten zonder pijn (5)
b. Met pijn (3)
c. Belasten is onmogelijk (0)

3. Hoe ver kunt u lopen?
a. Onbeperkt (5)
b. Meer dan 2 km (3)
c. 1-2 km (2)
d. Onmogelijk (0)

4. Kunt u traplopen?
a. Geen probleem (10)
b. Met milde pijn bij trap af (8)
c. Pijn bij zowel trap op als aflopen (5)
d. Onmogelijk (0)
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5. Kunt u door uw hurken gaan?
a. Geen probleem (5)
b. Herhaaldelijk hurken pijnlijk (4)
c. Iedere keer pijnlijk (3)
d. Hurken is alleen mogelijk als ik niet volledig belast (2)
e. Onmogelijk (0)

6. Kunt u hardlopen?
a. Geen probleem (10)
b. Pijn na meer dan 2 km (8)
c. Milde pijn direct na start (6)
d. Ernstige pijn (3)
e. Onmogelijk (0)

7. Kunt u springen?
a. Geen probleem (10)
b. Geringe moeite (7)
c. Constante pijn (2)
d. Onmogelijk (0)

8. Kunt u langdurig zitten met gebogen knieën?
a. Geen probleem (10)
b. Pijnlijk na activiteit ervoor (8)
c. Constante pijn (6)
d. Door de pijn moet ik tijdelijk mijn knie strekken (4)
e. Onmogelijk (0)

9. Heeft u pijn in uw knie?
a. Nee (10)
b. Soms milde pijn (8)
c. Verstoort de nachtrust (6)
d. Soms ernstige pijn (3)
e. Constante ernstige pijn (0)
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10. Is uw knie gezwollen?
a. Nee (10)
b. Na zware inspanning (8)
c. Na dagelijkse activiteiten (6)
d. Elke avond (4)
e. Constant (0)

11.  Heeft u een pijnlijke beweeglijkheid en/of voelt u instabiliteit van de 
knieschijf ?

a. Nee (10)
b. Soms bij sport activiteiten (6)
c. Soms bij dagelijkse activiteiten (4)
d. Minstens een keer uit de kom geweest (2)
e. Meer dan tweemaal uit de kom geweest (0)

12. Zijn uw bovenbeenspieren dunner/zwakker aan de pijnlijke kant?
a. Nee (5)
b. Iets dunner dan aan de andere kant (3)
c. Veel dunner dan aan de andere kant (0)

13. Hebt u een beperking in het buigen van uw knie?
a. Nee (5)
b. Iets minder ver dan aan de andere kant (3)
c. Duidelijk minder ver dan aan de andere kant (0)
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Abstract

Anterior Knee Pain (AKP) is one of the major short-term complaints after TKA. 
Since the introduction of the mobile-bearing TKA, numerous studies have 
attempted to confirm the theoretical advantages of a mobile-bearing TKA over 
a fixed-bearing TKA but most show little or no actual benefits. The concept of 
self-alignment for the mobile bearing suggests the posterior-stabilized mobile-
bearing TKA would provide a lower incidence of anterior knee pain compared 
with a fixed-bearing TKA. We therefore asked whether the posterior-stabilized 
mobile-bearing knee would in fact reduce anterior knee pain. We randomized 
103 patients scheduled for cemented three-component TKA for osteoarthrosis 
in a prospective, double-blind clinical trial. With a 1-year followup, more 
patients experienced persistent anterior knee pain in the posterior-stabilized 
fixed-bearing group (10 of 53, 18.9%) than in the posterior-stabilized mobile-
bearing group (two of 47, 4.3%). No differences were observed for range of 
motion, visual analog scale for pain, Oxford 12-item knee questionnaire, SF-36, 
or the American Knee Society score. 
The posterior-stabilized mobile-bearing knee therefore seems to provide a 
short-term advantage compared with the posterior-stabilized fixed-bearing 
TKA.

Level of Evidence: Level I, therapeutic study. See the Guidelines for Authors for 
a complete description of levels of evidence.
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Introduction 

The Total Knee Arthroplasty (TKA) has become the generally accepted 
treatment for osteoarthritis of the knee [1,3,6,9,12-13,28,30]. The posterior cruciate-
sacrificing total condylar prosthesis was introduced in 1978 [28]. This Posterior-
Stabilized (PS) prosthesis has stood the test of time and has had long-term 
survival rates between 93% and 98.7% after 9 to 18 years followup[9,12-13,28,30]. 
This PS prosthesis can be considered the “gold standard” today relative to 
which new designs are matched [9,12-13,28,30]. 
Although numerous studies emphasize long-term survival, short-term 
outcomes also are important to patients. Anterior knee pain is one of these 
issues: 4% to 49% of patients have anterior knee pain [2-3,23,25,29]. The pain 
reportedly does not decrease with time and restricts patients in climbing stairs, 
rising from a chair, cycling, or even normal walking [3-4,24-25,31]. Apart from being 
bothersome and impairing quality of life, anterior knee pain is one of the main 
reasons for early revision [3-4,24-25,31]. 
There are numerous theoretical benefits to the mobile-bearing TKA, although 
few prospective, randomized studies have shown actual benefits [26]. One 
theoretical advantage is the ability to self-align and therefore to accommodate 
small errors in component placement. If this is true, then better patellar 
tracking might decrease the incidence of anterior knee pain. We first asked 
whether the posterior-stabilized mobile-bearing (PSM) knee prosthesis would 
lead to a lower incidence of anterior knee pain than the posterior-stabilized 
fixed-bearing (PS) knee prosthesis. We then asked whether one design would 
be superior to the other regarding overall pain, function, and quality of life.  

Materials and methods 

Between November 2000 and July 2004, we considered 113 consecutive 
patients with unilateral osteoarthritis of the knee, scheduled for primary TKA, 
for participation in a prospective, double-blind, randomized clinical trial. 
Patients undergoing TKA were admitted 1 day before surgery for preoperative 
assessment. All patients older than 21 years, in otherwise good health and 
good candidates for surgery, and able to participate in the followup program 
were invited to participate. We excluded patients with revision or unilateral 
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knee arthroplasty, patellectomy, a fixed varus or valgus deformity greater than 
20°, skeletal immaturity, Charcot joints, unable or unwilling to cooperate in the 
followup program, life expectancy less than 5 years, or no signed informed 
consent. All 113 patients were willing to participate, but 10 patients were 
excluded owing to the previously mentioned exclusion criteria. We randomly 
allocated the remaining 103 patients to either a PS or PSM prosthesis. Block 
randomization was accomplished using a specially designed computer program 
developed by our institute’s statistics department. The two patient groups were 
balanced based on age and, where applicable, previous operation, therefore 
ensuring approximately equally sized treatment groups. A power analysis 
was performed based on an estimated incidence of 25% of anterior knee pain 

[1-2,4,6,23-26,29,31]. We presumed a reduction of at least 10% should be obtained to 
achieve a successful reduction, in which 10% was the lower limit of the reported 
incidence creating an effect size of 15% [1-2,4,6,23-26,29,31], stating a power of 0.8 with 
a 0.05 significance level resulting in a sample size of 100 patients per group. 
While performing an interim analysis, our study showed a difference in the 
incidence of anterior knee pain between the PS and PSM groups. Because our 
research question was answered, we stopped including patients in our study 
in July 2004. After 1 year, 100 of the 103 (97%) patients were available for 
followup. One patient died the first postoperative day as a result of a cardiac 
event; one patient emigrated to the Dutch Antilles, and one patient withdrew 
from the study because of reasons not related to the prosthesis. The followup 
for all patients was 1 year (± 2 months). The study was approved by the Internal 
Review Board. We obtained informed consent from each patient. 
The demographic data were similar between the 55 patients in the PS group (20 
males, 35 females) and the 48 patients in the PSM group (17 males, 31 females). 
The number of patients who lived at home and who lived independently or 
with someone was equal in both groups. The age of the patients who had a PS 
knee (mean, 68.9 years; range, 29-86 years) was similar to the age of those who 
had a PSM knee (mean, 71.2 years; range, 53-87 years). Body mass indices of 
the patients in the PS group and the PSM group were comparable, with means 
of 29.1 kg/m2 (range, 21.0-46.1 kg/m2) and 28.4 kg/m2 (range, 18.4-56.6 kg/
m2), respectively. Both treatment groups were comparable preoperatively for 
anterior knee pain; 30 of the 48 patients with PSM knees (62.5%) and 28 of the 
43 patients with PS knees (65.1%) had anterior knee pain. 
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The PS prosthesis was the NexGen® Complete Knee Solution Legacy® Posterior 
Stabilized Fixed Bearing Knee, whereas the PSM prosthesis was the NexGen® 
Complete Knee Solution Legacy® Posterior Stabilized Mobile Bearing Knee (both 
manufactured by Zimmer Inc (Warsaw, IN). The PS and the PSM prostheses share 
the same femoral component. The mobile-bearing polyethylene component 
is more congruent than that of the fixed-bearing prosthesis. The pivot axis of 
the articular surface is located anteriorly and allows rotation. The tibial plate 
includes a rotational stop that helps prevent spinout of the articular surface.  
The surgery was performed by three experienced orthopeadic surgeons 
(CNvD, GRS, MUS), each with a special interest in TKA. The operations were 
performed using the same intraoperative protocol. General or spinal anesthesia 
and a preoperative dose of a second-generation cephalosporin (Zinacef ®; 
GlaxoSmithKline, Zeist, the Netherlands) were administered to all patients. All 
surgeons applied a tourniquet. A midline skin incision and a standard medial 
parapatellar approach were used in all patients. All patellae were everted to 
the lateral side. We first performed the horizontal tibial bone resection using 
an extramedullary alignment guide and then an intramedullary alignment 
guide was used for the femur. The desired angle was 7º valgus and we used 
the transepicondylar axis to obtain 3º external rotation relative to the posterior 
condyles. Patellae were treated by performing instrumented bone resection 
and removing osteophytes. Patients received a three-component cemented 
total knee prosthesis, i.e., with a tibia component, femur component, and patella 
button. All patella buttons were identical with a three-pegged, polyethylene 
dome-shaped design. The patella buttons were cemented after the original 
thickness of the patella was restored or made slightly thinner. Optimal patellar 
tracking was ensured by appropriate soft tissue balancing. In all patients with 
tightness of the lateral retinaculum, producing subluxation of the patella, the 
“no thumb” rule was performed. When there was still doubt, the tourniquet 
was deflated and the patella tracking reassessed; only then was release of the 
lateral retinaculum performed. Lateral retinacular release was performed in 
four (7.7%) of the PS knees and in four (8.3%) of the PSM knees. There was no 
difference in size of the polyethylene insert between the PS group (mean, 11.4; 
range, 9-17) and the PSM group (mean, 11.5; range, 10-17). In both groups, one 
Size 17 polyethylene was required to achieve sufficient stability. A low-vacuum 
drain was used for 24 hours for all patients. 
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All patients received the same postoperative treatment. On the second 
postoperative day, they began continuous passive motion. For prophylaxis, 
the patients were given a low-molecular-weight heparin (Fraxiparine®; Sanofi-
Synthélabo, Maassluis, the Netherlands) for 4 weeks. The physiotherapist was 
involved from the first postoperative day. Hospital discharge occurred when 
the patient was able to bend the knee actively in more than 90° flexion and 
walk independently with crutches. After being discharged, physiotherapy was 
continued at home, improving function and independent walking.  
At the time this study was instituted, no scoring system for measuring anterior 
knee pain had been validated [2]. Rather, the patients were questioned (by 
SJMB, DH, MA, RN) regarding the location of any pain in the knee; none of 
these evaluators were involved in the surgery and none were aware of the 
treatment. To determine the presence and severity of anterior knee pain, the 
following questions were used: “Do you have anterior knee pain?” or “Does the 
pain of your knee get worse when standing up from a chair, climbing stairs or 
riding a bicycle against the wind?”. The severity was classified by using the stair-
climbing portion of the American Knee Society score (AKSS) as (1) none, (2) 
mild, (3) moderate and (4) severe. In addition to the specific questions asked, we 
incorporated the SF-36 (Question 7), the stair-climbing and pain portion of the 
AKSS, and the Oxford 12-item knee questionnaire concerning climbing stairs 
and standing up from a chair [11,15]. Additionally, a thorough clinical evaluation 
was performed. 
At the preoperative intake and after 1 year (± 2 months), patients completed 
questionnaires containing Visual Analog Scores (VAS), the Oxford 12-item knee 
questionnaire, and the SF-36. We obtained VAS scores, with a range of 0 to 100, 
to assess current knee pain and the overall average knee pain during a 4-week 
period. The Oxford 12-item knee questionnaire is a knee-specific questionnaire 
to determine knee function, with a range of 12 to 60 [11,15]. The SF-36 is a general 
health-related quality of life instrument [7]. Thirty-six questions reflect eight 
dimensions of functioning, with a range of 0 to 100[16]. Higher scores indicate a 
better quality of life. 
We (SJMB, DH, MA, RN) performed a clinical evaluation using the American Knee 
Society score [18] to determine function, pain, range of motion (ROM), and stability 
of the knee; none of these evaluators were involved in the surgery and none 
were aware of the treatment. This score ranges from 0 to 200 and can be divided 
into a knee score and a function score. A higher score implies a better outcome. 
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Preoperative and postoperative radiographs of the knee were obtained 
in standing anteroposterior, lateral, and Merchant views (skyline of the 
patellofemoral joint). All radiographs of the knee were reviewed one of the 
authors (SJMB) and a radiologist specialized in skeletal radiology; both were 
blinded to outcome but could not be blinded to the type of prosthesis. The 
Knee Society Total Knee Arthroplasty Roentgenographic Evaluation and 
Scoring System was used postoperatively and at 1-year followup to determine 
the varus-valgus angle, signs of early loosening, or wear of the prosthesis. The 
fluoroscopic imaging in anteroposterior and lateral views was used to study 
component interfaces for an increase in radiolucent lines indicating loosening. 
The average preoperative femorotibial angle was 3.9° varus, with a range of 
14° varus to 19° valgus. In the PS group, this was 3.8° varus, and in the PSM 
group, this was 4.0°. Postoperatively, the average femorotibial angle was 6.9° 
valgus, with a range of 0.8° to 11.7° valgus. There were no differences between 
the PS group (6.7°) and the PSM group (7.0°). There were no clear signs of early 
loosening or polyethylene wear.
All complications were divided into intraoperative, general, and local 
complications and into early (first 3 months) and late (3-12 months) 
complications. 
Data were entered in a personal computer (Microsoft® Access 2000; Microsoft 
Corp, Redmond, WA) by an independent research assistant (INS) and 
subsequently were checked for inconsistencies and errors in data entry. As the 
continuous data did not have normal distributions (Kolmogorov-Smirnov test, 
p < 0.05), we used nonparametric analysis. At baseline, differences between 
the PS and PSM groups were assessed for age and body mass index using 
Mann-Whitney U tests, and categorical data, such as gender, independence, 
and anterior knee pain, were compared using chi square tests. Preoperatively 
and postoperatively, comparisons between the groups were made for ROM, 
American Knee Society knee score, American Knee Society function score, 
VAS scores, Oxford 12-item knee questionnaire, and SF-36 quality of life scores 
using Mann-Whitney U tests, and changes from baseline at 1 year followup 
were assessed using Wilcoxon signed-ranks tests. To compare the prevalence 
of anterior knee pain between the PS and PSM groups, Fisher’s exact test 
was performed. Differences between results of patients with and without 
anterior knee pain were determined for the VAS scores, Oxford 12-item knee 
questionnaire, American Knee Society function, and American Knee Society 

28375 Breugem V2.indd   99 14-05-14   13:47



Chapter 6

100

knee score using Mann-Whitney U tests. Categorical variables, such as knee 
pain at rest, pain during walking, pain during walking up and down stairs, 
function walking, function walking stairs, and walking aids were compared 
using chi square tests. Statistical analysis was performed using SPSS 12.1 (SPSS 
Inc., Chicago, IL).

Results 

One year postoperatively, patients with PSM prostheses had less (p=0.03) 
mean anterior knee pain than patients with PS prostheses. Two of the 47 
patients (4.3%) with PSM prostheses and 10 of the 53 patients (18.9%) with PS 
prostheses experienced persistent anterior knee pain (figure 1). 
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Figure 1: The number of patients that reported no anterior knee pain (no) and reported to experience 
anterior knee pain (yes) in the two groups of patients that received a posterior stabilized (PS; N=53) or a 
posterior stabilized mobile bearing (PSM; N=47) total knee arthroplasty.
• PS = Posterior Stabilized 
• PSM = Posterior Stabilized Mobile

The severity of anterior knee pain experienced by the patients with PSM 
prostheses (one severe and one moderate) and PS prostheses (four severe, 
four moderate, two mild) was comparable. There was no difference regarding 
obesity, gender, or patients who had anterior knee pain at baseline and who 
postoperatively reported anterior knee pain. Patients with anterior knee pain 
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scored lower on the American Knee Society score (p < 0.001) and Oxford 12-
item knee questionnaire (p = 0.04) than patients without anterior knee pain 
(table 1). 

Table 2: Comparing the PS (n = 53) and the PSM (n = 47) knees pre and post operative regarding Range 
of Motion (ROM), American Knee Society Score (AKSS), VAS, Oxford 12 item-questionnaire and the SF 36 
quality of life score(Q1_ ‘Physical Functioning’, Q2_ ‘Role limitation due to Physical problems’, Q3_ ‘Role 
limitation due to Emotional problems’, Q4_ ‘Social Functioning’, Q5_ ‘Mental Health’, Q6_ ‘Energy Vitality’, 
Q7_ ‘Pain’, Q8_ ‘General Health Perception’).
       PS               PSM

Pre operative (mean) 95% CI (mean)  95% CI

ROM 112 (80-140) 107,5 (75-140)

AKSS Knee score 52,7 (46,1-59,2) 53 (46,9-59,2)

AKSS Function score 41,2 (33,4-49) 43 (33,9-52)

VAS Current 57,2 (48,7-65,7) 53,4 (44,7-62,1)

VAS Last month 63,4 (55,7-71,7) 63 (55,2-71,0)

Oxford 12- item Q 36,3 (32,6-39,7) 38,4 (34,4-42,6)

 
Post operative

 

ROM 111,7 (106,6-116,8) 113,3 (108-118,6)

AKSS Knee score 82,7 (77-88,4) 83,2 (77,5-88,8)

AKSS Function score 65 (56-74) 60,8 (49,1-72,4)

VAS Current 21,9 (13,2-29) 19,2 (12,2-26,2)

VAS Last month 25,7 (16,6-34,8) 23,5 (15,9-31,0)

12- item Q 24,2 (21,2-27,2) 26,1 (22,3-29,8)

SF 36 q1 16,5 18,2  

SF 36 q2 29,7 32,4  

SF 36 q3 5,8 12,8  

SF 36 q4 12,3 17,2  

SF 36 q5 0,8 3,8  

SF 36 q6 2,9 10,2  

SF 36 q7 25,9 24,6  

SF 36 q8 -3,6   -6,4  

* all pre and post values are not statistically significant with p > 0,05
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In both groups, the VAS related to the current pain and overall average 
knee pain during a 4-week period in the affected knee improved (p < 0.001) 
postoperatively (table 2). However, at the 1-year followup, these improvements 
were similar (p = 0.78). We observed no differences in postoperative pain at 
rest, pain with walking, and pain after climbing stairs, walking ability, the ability 
to climb or descend stairs, or the use of walking aids. 
There was a similar (p = 0.60) postoperative improvement in function for 
patients with the PS and PSM prostheses. The ROM had improved (p = 0.77) in 
both groups at 1 year postoperatively, but the improvement was similar in the 
two groups (Table 2). The preoperative and postoperative clinical scores did 
not correlate (r = 0.27; p = 0.005), reflecting independence of the responses 
before and after surgery. 

Table 1: Comparing patients with and without anterior knee pain (AKP) regarding VAS, Oxford 12 item-
questionnaire, SF 36 quality of life score (Q1_ ‘Physical Functioning’, Q7_ ‘Pain’) and the American Knee 
Society Score (AKSS) especially looking at knee pain at rest, while walking and walking stairs but also 
concerning function while walking normal and walking stairs and the influence of walking aids.

Test AKP No AKP p value

VAS Current 42.2 15.3 p < 0,001 *

VAS Last month 47.9 19.7 p = 0.096

Oxford 12-item Questionnaire 32.1 23.6 p = 0.044 *

SF36 q1 (physical functioning) 44.2 49.8 p = 0.415

SF36 q7 (pain) 51.6 63.9 p = 0.218

AKSS function 51.3 64.4 p = 0.368

AKSS knee score 65.3 85.6 p < 0.001 *

Knee pain at rest (% mild/ severe pain) 50% 6.8% p < 0.001 *

Knee pain walking (% mild/ severe pain) 58.4% 7.1% p < 0.001 *

Knee pain walking stairs (% mild/ severe pain) 75% 12.5% p < 0.001 *

Function walking (% mild/ severe) 33.3% 64.7% p < 0.001 *

Function walking stairs (normal or support walking down 
the stairs)

16.6% 31.8% p = 0.002 *

Walking aids 58.3% 64.8% p = 0.078

AKP (n = 12), No AKP (n = 88)
* statistically significant difference with p < 0,05
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The quality of life measures were similar (p value ranging from 0.28 to 0.88) 
between patients with PSM and PS prostheses. Patients with anterior knee pain 
reported lower levels of quality of life than patients without anterior knee pain 
(table 1). 
Perioperative complications included two partial medial collateral ligament 
ruptures in the PS group. These patients were treated with a brace for six 
weeks resulting in a stable knee in both patients. Postoperative complications 
occurred in six patients in each group. Patellar fractures, dislocations, or loose 
patellar components were not observed. Three patients had a hematoma that 
was surgically débrided (one PSM, two PS). There were no deep or superficial 
infections. Six patients (three in each group) needed manipulation under 
anesthesia to achieve 90° flexion. After this procedure, one PS knee continued 
to have only 40° flexion. Preoperatively, this patient had flexion of 20°. General 
complications occurred in seven patients. One patient needed a pacemaker 
and one needed medication because of heart rhythm disorders. Another 
patient was treated with anticoagulation for three months for a nonfatal lung 
embolism. Three patients were treated for a urinary tract infection and one 
patient for pneumonia. 

Discussion

The presence of anterior knee pain is one of the major short term complaints 
after TKA [1-2,9,22,24-26,29,31]. Published reports show between 4% and 49.2% of all 
patients have anterior knee pain [1-2,9,22,24-26,29,31]. Since the introduction of the 
mobile-bearing prosthesis, numerous studies have been performed, each 
comparing different aspects of the hypothesized advantage of using a mobile-
bearing prosthesis compared with a fixed-bearing prosthesis 
[1,5-6,9-10,14,17,19-21,24,26-27,31-32]. The theoretical advantage of the mobile-bearing 
prosthesis is the ability to self-align and therefore to accommodate small 
mismatches, which could lead to a decrease in the incidence of anterior knee 
pain [1,9,24]. Our study was performed to determine if the PSM could in fact 
decrease the incidence and severity of reported anterior knee pain. 
We followed our patients for a minimum of one year. “Aglietti et al. suggested 
that the performance of a mobile-bearing design may decline over time [1].” 
However, because anterior knee pain is relevant to patients in the short and 
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long term, we do not believe this is a limitation [26]. We did have relatively small 
sample sizes, but the data show a difference in the incidence of anterior knee 
pain between the PS and PSM prostheses. We did not have a standardized, 
validated instrument specifically for anterior knee pain, but we presume 
our focused questions identified the presence and approximate severity of 
the pain. We studied only two specific devices from one manufacturer and 
do not presume they would be generalizable to other fixed- and mobile-
bearing prostheses. The study was not designed primarily to detect functional 
differences and the power may have been too low to detect this difference. 
We found less anterior knee pain in patients with the PSM prosthesis than with 
the PS prosthesis. Price et al. reported better American Knee Society scores 
and Oxford 12-item knee questionnaire and pain scores for mobile-bearing 
prostheses 1 year after placing bilateral mobile-bearing and fixed-bearing 
prostheses in 40 patients [26]. One study reported a mobile-bearing prosthesis 
resulted in a high rate of anterior knee pain (49.2%) attributable to a suboptimal 
trochlear design [25]. As reported by others, we found these subjective outcome 
scores improved from baseline for patients in both groups; however, we 
observed no difference between the two types of prostheses (table 2). 
Theoretically, the design of PSM prosthesis could lead to better ROM during 
knee flexion activities [14]. We observed no difference in ROM between patients 
in either group. The patients in both groups reached a mean ROM greater 
than 110°, which is comparable to reported ranges and is sufficient for normal 
daily functioning [24]. Anterior knee pain is known to cause difficulties in daily 
activities such as climbing stairs, rising from a chair, getting in and out of a car, 
or cycling, and therefore compromise these activities [24-26]. We evaluated the 
postulated advantage of the PSM compared with the PS knees but could not 
discern any difference except the decrease in anterior knee pain. As reported 
by others, we also found no difference in the short-term functional outcome 
between fixed- and mobile-bearing designs [24]. 
The incidence of lateral retinacular release reportedly has decreased with the 
use of a mobile-bearing design (from 10% for the fixed-bearing prosthesis to 
0% for the mobile-bearing prosthesis); however, in our study, the incidence 
was identical in both groups, confirming the findings in other studies [24,27]. 
Subjective questionnaires are essential instruments to evaluate our operative 
results [7-8,11,15,18]. Quality of life can be influenced by many factors and not 
only the ones tested in our study [8]. We detected no difference in quality of 
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life between patients with PSM and PS prostheses, but we could detect the 
influence of anterior knee pain on the general subjective health questionnaires 
and also on the knee-specific questionnaires (table 1). Patients with anterior 
knee pain reported lower levels of quality of life than patients without anterior 
knee pain. Our data support the notion that the PSM prosthesis reduces the 
short-term incidence of anterior knee pain relative to the PS prosthesis. Longer 
followup will determine whether this difference will persist or decrease.
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Abstract 

Purpose 
The presence of anterior knee pain remains one of the major complaints 
following Total Knee Arthroplasty (TKA). Since the introduction of the 
mobile TKA many studies have been performed and only a few show a slight 
advantage for the mobile. In our short-term follow-up study, we found less 
anterior knee pain in the posterior stabilized mobile knees compared to the 
posterior stabilized knees. The concept of self alignment and the results from 
our short term study led us to form the hypothesis that the posterior stabilized 
mobile knee leads to a lower incidence of anterior knee pain compared to the 
posterior stabilized fixed knee. This study was designed to see if this difference 
remains after 7.9 years in the follow-up. A secondary line of enquiry was to see 
whether one was superior to the other regarding pain, function, quality of life 
and survival. 

Methods 
This current report is a 6 to 10 year (median 7.9 years) follow-up study of the 
remaining 69 patients with a cemented three component TKA for osteoarthritis 
in a prospective, randomized, double-blinded clinical trial. 

Results 
In the posterior stabilized group five of the 40 knees (13%) versus five of the 
29 posterior stabilized mobile group (17%) experienced anterior knee pain. 
No differences were observed with regard to ROM, VAS, Oxford 12-item knee 
questionnaire, SF-36, HSS patella, Kujala or the AKSS score. Patients with 
anterior knee pain reported more pain, lower levels of the AKSS, HSS patella 
and the Kujala scores than the patients without anterior knee pain. 

Conclusion 
In the current clinical practice the appearance of anterior knee pain persists 
as a problem; simply changing to a mobile bearing does not seem to be 
the solution. The posterior stabilized mobile total knee did not sustain the 
advantage of less anterior knee pain, compared with the posterior stabilized 
fixed total knee arthroplasty. 
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Level of Evidence: Level II Therapeutic study. See the Guidelines for Authors for 
a complete description of levels of evidence.
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Introduction 

Although Total Knee Arthroplasty (TKA) has become the generally accepted 
treatment for osteoarthritis of the knee, not all problems have been solved yet 
[2-6,8,13-15,22,26,37,39,43,45,48]. The presence of Anterior Knee Pain (AKP) remains one of 
the major complaints after TKA and is reported by between 4 and 49% of TKA 
patients [2-6,8,13-15,26,37,39,45,48]. Many theories have been proposed to explain the 
etiology of AKP after TKA; Prosthesis design [8,13,22,28,29,39], resurfacing the patella 
[3,6,15,25,36], joint line changes, instability, malpositioning/malrotation[5,37], wear[45], 
referred pain[26], soft tissues[26,39] and patient characteristics[12,44,48]. 
This type of pain restricts patients in climbing stairs, getting up from a chair, 
cycling, or even normal walking [2,5,6,8,26,37,38,47]. Apart from being bothersome 
and impairing quality of life, AKP is one of the main reasons for early revision 
[2,5,6,39,40]. Few prospective randomized studies have demonstrated any benefits 
of mobile bearing TKA compared to fixed bearing TKA [13,22,40,41,45,49]. The 
theoretical advantage of the mobile bearing TKA is the ability to self align, and 
therefore to accommodate small mismatches. If this were  the case, a better 
patellar tracking could be expected with a decrease in the incidence of anterior 
knee pain and possibly due to the accommodation of small mismatches, would 
lead to a longer survival. In the current clinical practice the appearance of 
anterior knee pain persists as a problem; can we solve this problem by choosing 
a mobile bearing TKA?

Materials and methods 

Between 2000 and 2004, we invited all consecutive patients with unilateral 
osteoarthritis of the knee undergoing a primary TKA to participate in a 
prospective, double-blinded, randomized clinical trial performed at the 
orthopedic department of the Academic Medical Centre, Amsterdam, the 
Netherlands [13]. All patients older than 21 and in stable health, suitable for 
surgery, and able to participate in the follow-up program were invited to 
participate. Exclusion criteria were revision or unilateral knee arthroplasty, 
patellectomy, a fixed varus or valgus deformity of more than 20°, skeletal 
immaturity, Charcot joints, inability or unwillingness to cooperate in the follow-
up program, life expectancy of less than 5 years, or no signed informed consent. 
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Based on design features and our results in our short term study [13] we were 
led to the hypothesis that the Posterior Stabilized Mobile (PSM) knee leads to a 
(1) lower incidence of anterior knee pain than the Posterior Stabilized fixed (PS) 
knee. This study was designed to see if this difference remains after 6 to 10 year 
(median 7.9 years) follow-up of a prospective, double blinded, randomized 
trial. The secondary questions are whether one design is superior to the other 
regarding (2) overall pain, (3) function, (4) quality of life and (5) survival. 
We randomly allocated the 103 patients who agreed to participate to either a 
PS or PSM prosthesis. Block randomization was accomplished with the use of 
a specially designed computer program developed by our institute’s statistic 
department. The two patient groups were balanced on the basis of age and 
previous operation, therefore ensuring approximately equally sized treatment 
groups. A power analysis was performed based on an estimated incidence of 
25% of anterior knee pain [13]. To achieve a successful reduction, we presumed a 
reduction to at least 10% should be obtained, in which 10% was the lower limit 
of the reported incidence, creating an effect size of 15% stating a power of 0.8 
with a 0.05 significance level resulted in a sample size of 100 patients per group 
[13]. While performing a one-year analysis our study demonstrated a difference 
in the incidence of anterior knee pain between the PS and Mobile. Seeing that 
our research question was answered our study stopped including patients [13]. 
The Internal Review Board approved the study. We obtained informed consent 
from each patient. The demographic data showed no differences between the 
groups [13]. Both treatment groups were comparable preoperatively for anterior 
knee pain [13]. Follow-up controls took place at 6 weeks, 3 months, 6 months, 
and 12 months postoperatively including standard radiographs and physical 
examination. Preoperative, 1-year and again between 6-10 years (median 7.9 
years) postoperative, standardized subjective questionnaires were completed. 
After 6 to 10 years, 69 patients were available for follow-up (figure 1, flow 
chart). Three patients were lost to follow-up and were excluded. One was living 
in France and was not able to come to the Netherlands; the other withdrew due 
to family circumstances, the third was living in an Alzheimer department. As far 
as we know these patients do not have any knee complaints.
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fi gure 1: fl ow chart 6 to 10 years follow-up

The Nexgen Complete Knee Solution Legacy Posterior Stabilized Fixed and 
the Nexgen Complete Knee Solution Legacy Posterior Stabilized Mobile were 
manufactured by Zimmer Inc. (Warsaw, IN). The PS and the PSM TKA share 
the same femoral component. The mobile bearing polyethylene component 
is more congruent than that of the fi xed bearing TKA. The pivot axis of the 
articular surface is located anteriorly and allows rotation. The tibial plate 
includes a rotational stop that helps prevent spinout of the articular surface.  
The operations were performed by three experienced orthopedic surgeons 
with a special interest in TKA. The same intraoperative protocol was used as 
that described in our short-term follow-up study [13]. 
At 6 to 10 years follow-up, the patients were carefully questioned (by SB, BvO) 
with regard to the location of any pain in the knee. The presence of AKP was 
registered and additional HSS patella score and the Kujala anterior knee pain 
score were used to assess the severity of reported AKP [4,29]. These scores were 
also added because the Oxford 12 and the SF36 were not intended to measure 
AKP. Furthermore, we asked the following questions; “Do you have anterior knee 
pain?” or “Does the pain in your knee get worse when you are standing up from 
a chair, climbing stairs or riding a bicycle against the wind?”. The severity of AKP 
was classifi ed by using a scale within specifi c questions, comparing AKP at rest, 
walking and with climbing stairs as (1) none, (2) mild, (3) moderate and (4) severe. 
Pre and postoperative outcome measures were registered, containing a Visual 
Analog Scale (VAS) for pain [11], the Oxford 12-item knee questionnaire (Oxford 
12) [17,23], Kujala anterior knee pain score [29], HSS patella score [4], the American 
Knee Society Score (AKSS) [25] and the SF-36 [1]. The VAS is a continuous score 

28375 Breugem V2.indd   114 14-05-14   13:47



AKP and a mobile bearing TKA, long-term follow-up

115

7

from 0 to 100 that is used to determine the level of pain [11]. We obtained VAS 
scores for current knee pain and for summarizing the overall average pain over 
a period of 4 weeks. The Oxford 12 is a knee-specific questionnaire; every item 
has a score from 1 to 5 (from less to most difficult or serious) and a total score 
with a range from 12 to 60 [17,23]. This score also contributes to determining 
patient satisfaction [17,23]. The Kujala score, also known as the anterior knee pain 
score, is a 13-item questionnaire including different items on pain related to 
function and activities [29]. The score has a range from 0 to 100 and higher scores 
indicate less disability. The Hospital for Special Surgeries patella (HSS patella) 
score is a knee specific questionnaire, which contains questions relating to 
anterior knee pain [4]. The score has a range from 0 to 100 and higher scores 
indicate best-case scenario [4]. Furthermore, we performed a thorough clinical 
evaluation. The SF-36 is a general health-related quality of life instrument 
[1]. Thirty-six questions reflect eight dimensions of functioning: physical 
functioning, role limitation resulting from physical problems, role limitation 
resulting from emotional problems, social functioning, mental health, energy 
vitality, pain, and general health perception. The score has a range from 0 to 
100 per dimension. Higher scores indicate a better quality of life. This score also 
contributes to determining patient satisfaction. 
The clinical evaluation of the knee using the AKSS was performed to determine 
the function, pain, range of motion, and stability of the knee [25]. This score has a 
range from 0 to 200 and can be divided into a knee score and a function score. 
A higher score implies a better outcome. 
Pre and postoperative roentgenograms of the knee were obtained making a 
standing anterior-to-posterior, lateral (in some degrees of flexion) and Merchant 
view (skyline of the patellofemoral joint). SB reviewed all radiographs of the 
knee as did a radiologist specialized in skeletal radiology who was blinded to 
outcome, but could not be blinded to the type of prosthesis. The Knee Society 
Total Knee Arthroplasty Roentgenographic Evaluation and Scoring System 
was used directly postoperative, at 1-year and at 6 to 10 years follow-up to 
determine the varus-valgus angle, signs of loosening, or wear of the prosthesis. 
The median preoperative femorotibial angle was 3.9° varus with a range of 14° 
varus to 19° valgus. In the PS group, this was 3.8° varus and in the PSM, this 
was 4.0°. Postoperatively, the median femorotibial angle was 6.4° valgus with 
a range of 3.0° varus to 11° valgus. There were no differences between PS and 
PSM knees.
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All complications were divided into intraoperative, general and local 
complications and into early (first 3 months) and late complications. 

Statistical analysis 
Data were entered into a personal computer (MS Access 2003; Microsoft 
Corp, Redmond, WA) by an independent research assistant (IS) and were 
subsequently checked for inconsistencies and errors in data entry. For the 
statistical analyses we used PASW Statistics 18 software (SPSS Inc., Chicago, IL). 
Because of skewed distributions, the data were analyzed non-parametrically. 
Mann-Whitney U tests were used for continuous variables and Fischer’s exact 
tests for categorical variables comparing the PSM and PS knees. Pre- and 
postoperative comparisons were performed using the Wilcoxon Signed Ranks 
test and McNemar tests. Associations between continuous variables were 
determined using the Spearman product moment correlation coefficient. 
Significance was set at a level of <0.05.

Results

Six to 10 years (median 7.9 years) postoperatively, there was no statistical 
difference comparing anterior knee pain between the PS and PSM knees (table 
2). Five of the 40 patients with a PS knee (13%) and five of the 29 patients with 
a PSM knee (17%) experienced persistent anterior knee pain. There was no 
difference with regard to obesity, gender, age and follow up duration between 
the two treatment groups (table 1). 

Table 1: Demographics (n=69)

PS (n=40) PSM (n=29)
Age (years)
 median (range)

80 (56-88) 78 (62-95)

Male 14 (35%) 10 (35%) 
Female 26 (65%) 19 (65%)
Follow up (years)
median (range)

7.7 (6-10) 7.9 (6-10)

Unilateral 18 (45%) 16 (55%)
Bilateral 22 (55%) 13 (45%)
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In both groups, the VAS related to the current pain and pain experienced in 
the last 4 weeks in the affected knee improved (p <0.01) postoperatively (table 
2). However, significant differences in pain or function between the PS and 
PSM knees were not observed. The Range of Motion (ROM) in both groups 
improved postoperatively but was not different between the two groups (table 
2). The preoperative and postoperative clinical scores correlated moderately 
(r = 0.47; p < 0.001), reflecting the independence of the responses before and 
after the operation. In other words, the patients did not necessarily respond 
similarly preoperatively and postoperatively. Severely affected patients did not 
necessarily report worse results postoperatively.

Table 2: Comparing the PS (n = 40) and the PSM (n = 29) knees pre and post operative regarding Anterior 
Knee Pain (AKP), Range of Motion (ROM), American Knee Society Score (AKSS), VAS, Oxford 12 item- 
knee questionnaire (Oxford 12-item Q), the HSS patella score and the Kujalapatellofemoral score.

PS (n=40) PSM (n=29) p-value
Anterior knee pain Baseline 18 (45%) 17 (59%)

1 yr 4 (10%)* 2 (7%)* n.s.
6-10 yrs 5 (13%)* 5 (17%)* n.s.

ROM 
median (range)

Baseline 110 (80-140) 110 (22-140)
1 yr 120 (40-140) 120 (70-135) n.s.
6-10 yrs 120 (80-135)* 120 (70-130)* n.s.

AKSS Knee score 
median (range)

Baseline 59 (0-78) 59 (6-77)
1 yr 92 (43-100) * 88 (41-100) * n.s.
6-10 yrs 95 (50-100)* 97 (51-100)* n.s.

AKSS Function score
median (range)

Baseline 45 (0-70) 35 (0-100)
1 yr 75 (15-100) * 75 (10-100) * n.s.
6-10 yrs 63 (0-100)* 65 (0-100)* n.s.

VAS Current
median (range)

Baseline 62 (0-97) 52 (3-97)
1 yr 9 (0-97) * 6 (0-89) * n.s.
6-10 yrs 9 (0-92) * 10 (0-79) * n.s.

VAS Last month
median (range)

Baseline 70 (0-97) 65 (27-97)
1 yr 18 (0-100) * 6 (0-89) * n.s.
6-10 yrs 13 (0-90) * 10 (0-88) * n.s.

Oxford 12-item Q 
median (range)

Baseline 37 (19-51) 39 (27-54)
1 yr 21 (12-42) * 21 (12-49) * n.s.
6-10 yrs 22 (12-53) * 23 (12-54) * n.s.

HSS patella score
median (range)

Baseline - -
1 yr - -
6-10 yrs 95 (28-100) 100 (45-100) n.s.

Kujala score 
median (range)

Baseline - -
1 yr - -
6-10 yrs 64 (15-98) 64 (30-100) n.s.

* p<0.01, pre- post operative comparison with a significant difference
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Table 3: Comparing the SF 36 score regarding quality of life score(Q1_ ‘Physical Functioning’, Q2_ ‘Role 
limitation due to Physical problems’, Q3_ ‘Role limitation due to Emotional problems’, Q4_ ‘Social 
Functioning’, Q5_ ‘Mental Health’, Q6_ ‘Energy Vitality’, Q7_ ‘Pain’, Q8_ ‘General Health Perception’).

PS (n=40) PSM (n=29) p-value#

SF 36 q1 
median (range) 

Baseline 30 (5-70) 30 (0-65)
1 yr 50 (0-100) * 65 (0-90) * n.s.
6-10 yrs 35 (0-100) 30 (5-100) n.s.

SF 36 q2 
median (range)

Baseline 12.5 (0-100) 0 (0-100)
1 yr 50 (0-100) * 50 (0-100) * n.s.
6-10 yrs 37.5 (0-100) 25 (0-100) * n.s.

SF 36 q3 
median (range)

Baseline 67 (0-100) 100 (0-100)
1 yr 100 (0-100) 100 (0-100) n.s.
6-10 yrs 51 (0-100) 62 (0-100) n.s.

SF 36 q4 
median (range)

Baseline 75 (0-100) 67 (0-89)
1 yr 67 (11-100) 78 (0-100) n.s.
6-10 yrs 56 (20-100) 55 (17-100) n.s.

SF 36 q5 
median (range)

Baseline 80 (8-100) 84 (48-96)
1 yr 84 (36-100) 80 (0-100) n.s.
6-10 yrs 65 (5-90) * 55 (5-100) * n.s.

SF 36 q6
median (range)

Baseline 62.5 (5-100) 55 (20-90)
1 yr 75 (10-1000 60 (0-90) n.s.
6-10 yrs 69 (0-100) 75 (13-100) n.s.

SF 36 q7
median (range)

Baseline 41 (0-100) 36 (0-82)
1 yr 67 (22-100) * 62 (0-100) * n.s.
6-10 yrs 83.5 (0-100) * 100 (0-100) * n.s.

SF 36 q8
median (range)

Baseline 70 (25-100) 69.5 (35-95)
1 yr 70 (15-100) 65 (0-100) n.s.
6-10 yrs 76 (20-100) 80 (32-100) n.s.

 * p<0.01, pre- post operative comparison with a significant difference

 
There was no significant difference in Quality of Life (QoL) comparing PS and 
PSM knees (table 3). The influence of anterior knee pain, however, did affect the 
QoL. The presence of anterior knee pain significantly limits (p <0.01) the daily 
activities patients can perform, and patients reported more pain; resulting in 
lower levels on the AKSS knee score and lower scores for the HSS patella and 
Kujala score compared to the patients without anterior knee pain (table 4). 
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Table 4: Comparing patients with and without anterior knee pain (AKP) regarding VAS, Oxford 12 item- 
knee questionnaire (Oxford 12-item Q), the American Knee Society Score (AKSS), the HSS patella score 
and the Kujala score (Mann Whitney U test).

AKP (n=10) No AKP (n=59) p value

VAS Current, median (range) 41 (10-92) 3 (0-79) <0.01

VAS Last month, median (range) 47 (5-90) 10 (0-88) <0.01

Oxford 12-item Questionnaire, median (range) 36 (15-50) 21 (12-54) 0.02

AKSS function, median (range) 48 (0-100) 65 (0-100) n.s.

AKSS knee score, median (range) 75.5 (50-95) 97 (59-100) <0.01

HSS patella score, median (range) 48 (28-80) 100 (55-100) <0.01

Kujala score, median (range) 48 (33-73) 65 (15-100) <0.01

In this follow-up period we revised 9 TKA’s, all because of aseptic loosening. 
The average time to the revision operation was 61 months. There were 7 PS 
and 2 PSM knee failures. This means 7 of the original 53 PS knees (13%) and 2 
of the original 47 PSM knees (4%) failed (n.s.). Of these 9 patients, 4 had AKP at 
one-year follow-up. One patient with AKP had an internal rotation of the femur 
component and a loose femur component at the revision operation (figure 2). 
Two patients were treated with a one-stage revision and seven needed two 
operations. All cultures taken during the revision operations were negative for 
bacteria. Two patients had a peri-prosthetic fracture in the distal femur and were 
treated with a locking plate. One patient fell directly on her patella, and had a 
communitive patella fracture. This was first treated with an osteosynthesis, but 
after a non-union a patellectomy was performed. 

Discussion 

The most important outcome of our study is that a Posterior Stabilized Mobile 
(PSM) knee does not sustain the lower incidence of anterior knee pain compared 
to the Posterior Stabilized Fixed (PS) TKA. In our short-term follow-up study, less 
AKP was found in the PSM knees compared to the PS knees [13]. The concept 
of self alignment and the results from our short term study led us to form the 
hypothesis that the PSM knee leads to a lower incidence of anterior knee pain 
compared to the PS knee. A secondary line of enquiry was to see whether one 
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was superior to the other regarding pain, function, quality of life and survival. 
We specifically evaluated whether the PSM (mobile) knee could make the 
intended difference in AKP, compared to the PS (fixed) knee. In our short-term 
follow-up study, there was less anterior knee pain in the PSM knees compared 
to the PS knees [13]. It seemed therefore, that the PSM (mobile) knee did have 
an influence on anterior knee pain. Kim et al reported less pain in the mobile 
bearing group compared to a fixed bearing group at a mean follow-up of 
2,6 years [27]. Wohlrab et al found a difference in pain scores at three months 
favoring the mobile bearing, but found no difference after three and five years 
[47]. In this 6 to 10 year (median 7.9 years) follow-up study the PSM knees did 
not sustain the difference in AKP, found in the short-term trial [13]. This result 
is comparable to the findings of other similar studies [2,38]. Therefore we agree 
with the study by Aglietti et al who suggested that the performance of a mobile 
bearing knee might decline over time [2]. Matsuda et al noted that the Nex Gen 
LPS knee is not fully conformed in the tibio-femoral articular surface, allowing 
up to 12 degrees of rotational freedom in full extension [33]. This could be part 
of the reason why different studies did not find a clinically relevant difference 
between a mobile and a fixed bearing knee [2,7,28,38]. 
Our trial was designed to determine anterior knee pain and we therefore 
performed a patella component in all patients in an endeavor to minimize the 
risk of bias. Literature is still not conclusive as to whether the patella component 
should be resurfaced or not [3,6,15,35,48]. Some studies suggest malrotation/
malpositioning of the components as the main reason for anterior knee pain 
[5,26]. Excessive internal rotation of the femur and/or tibial component seems to 
play an important role in the development of AKP [5]. In our series at least two 
patients had internal rotation of either the femur and/or the tibia. 
Other authors suggest that the presence of substance P nociceptive afferent 
fibers in the peripatellar soft tissues or the infrapatellar fat pad may be the 
major reason for pain [26]. After looking at certain aspects of anterior knee pain, 
one could wonder if AKP is not the tip of the iceberg. The root of the problem 
could be an imbalance in the homeostasis between the soft tissues and the 
TKA, as this could lead to a range of factors, which might combine to create 
AKP. This theory was proposed in 1996, by Dye, who referred to the ‘envelope 
of function’ or ‘zone of homeostasis’ in patients without a total knee prosthesis 
and AKP [20]. Hopefully, future research will be able to provide further insight in 
to this hypothesis. 
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Figure 2: Internal rotation of femur component in a left knee of patient with AKP

Looking at overall pain, Price et al found a small but clinically significant short-
term advantage for the mobile bearing design [40]. In their later follow-up 
study (three year study), Beard et al did not find that this difference had been 
sustained [7]. In line with such studies, we also found these subjective outcome 
scores to improve from baseline for both the PS and the PSM groups; however, 
we observed no difference between the two types of TKAs (table 2) [2,45]. 
Theoretically, the design of the PSM knees could lead to better Range Of 
Motion (ROM) during knee flexion activities [21]. We observed no difference for 
ROM between the PS and the PSM groups. The patients in both groups reached 
a mean ROM of more than 110°, which is comparable to other reported studies 
and sufficient for normal daily functioning [45]. 
Anterior knee pain is known to cause most problems in daily activities like 
climbing stairs, rising from a chair, getting in and out of a car, or cycling, and 
therefore compromises daily living? [3,13,26,29] As previously reported in other 
studies we also found no difference in functional outcome between fixed and 
mobile bearing TKA designs [44,45]. This study was not primarily designed to 
detect this functional difference. The statistical power may have been too low 
to achieve such detection 
Quality of life can be influenced by many factors and not only those tested in 
the present study [12]. Subjective questionnaires are becoming a valuable and 
essential instrument in evaluating our operative results [1,4,17,23,25,29]. We could 
not detect a difference in QoL comparing the PSM to the PS knee, but we could 
definitely detect the influence of anterior knee pain not only in the general 
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subjective health questionnaires, but also in the knee specific questionnaires. 
Patients with anterior knee pain reported lower levels of QoL than the patients 
without anterior knee pain. The use of the HSS patella score and the Kujala 
score serves to further highlight this important difference and we advise the 
use of these questionnaires for studies evaluating AKP. 
An important finding of this study was our high number of revision operations. 
In all the revision operations at least one of the components was loose. Overall, 
7 PS knees and 2 PSM knees were revised. 
Seven knees were treated in two-stages: this was typically done because no 
clear explanation for the loosening at the time of the operation could be found. 
Since this difference was not statistically significant, we cannot conclude that it 
is relevant. Matsuda et al showed in an in vitro study that the rotational stability 
of the mobile TKA is similar to that of the normal knee. The fixed TKA showed a 
decrease in rotational deflection, which is evidence of stress being transmitted 
to the prosthesis and cement interface [32]. This finding could mean that the 
mobile bearing knee (PSM) can minimize bone-implant stress and help prevent 
mechanical failure and thus the need for revision surgery. With our data we 
cannot support this finding. However, our study was not primarily designed to 
detect this difference. We looked into the possible reasons for our higher number 
of exclusions and revisions, when compared to other studies. The main reason 
could be that we are a tertiary referral center and mostly treat patients with a 
high ASA score based on comorbidity requiring specialized academic treatment. 
We recognize limitations to our study. Firstly, we had a high number of 
exclusions; 12 re-operations, 3 lost to follow-up and 19 patients who died (for 
reasons not related to the knee prosthesis). These exclusions influenced the 
number of patients reporting AKP, and this could therefore influence our data. 
Secondly, by specifically enquiring about AKP, the number of patients with AKP 
could be higher than in other studies, where researchers did not specifically ask 
about AKP. Thirdly, a limitation of this study might be the limited sample size, 
which could lead to a lack of power to detect clinically important difference. 
However, while carrying out our one-year analysis, our study was able to 
demonstrate a statistically significant difference in the incidence of anterior 
knee pain between the PS and PSM [13].
The particular strength of this trial is the equal randomization with a double-
blind trial, both groups receiving the same three-part prosthesis, with the only 
exception being the tibial insert. Observer- and patient-related bias was thus 
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minimized. Patients with anterior knee pain reported lower levels of QoL than 
the patients without anterior knee pain. Our data could not support the notion 
that the PSM knees can be more forgiving with small mismatches, leading to a 
lower incidence of anterior knee pain than the PS TKA. Anterior knee pain does 
not only seem to be influenced by a mobile and/or fixed total knee arthroplasty. 

Conclusion 

In the current clinical practice the appearance of anterior knee pain persists 
as a problem, simply changing to a mobile bearing does not seem to be 
the solution. The posterior stabilized mobile total knee did not sustain the 
advantage of less anterior knee pain, compared with the posterior stabilized 
fixed total knee arthroplasty. 
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Abstract

Purpose: 
The purpose of this Multi Detector Computed Tomography (MDCT) study is to 
evaluate if a mobile TKA can correct the malrotation of the fixed tibial base plate in 
a mobile (PSM) Total Knee Arthroplasty (TKA). The premise is that the mobile PE has 
the ability to correct the malrotation of the fixed tibial base plate. Various authors 
reported that 0.4% to 49% of all patients have Anterior Knee Pain (AKP) after TKA. 
Internal malrotation of the TKA components have been described to be a major 
reason for AKP. The null hypothesis of this study is that the rotation of the mobile 
PE is not correlated with the malrotation of the fixed tibial base plate. 

Methods:
Patients with a PSM TKA without AKP were retrospectively enrolled. 
Questionnaires, radiography (standard long leg and patella skyline radiographs) 
and MDCT scans measuring the femoral-, tibial- and polyethylene component 
rotation were obtained.

Results:
In 10 patients the average combined femoral and tibial base plate rotation 
was 2.1˚ external rotation. We found a significant correlation coefficient of 0.85 
(p<0.001) between the rotation of the mobile PE and the fixed tibial base plate. 

Conclusion:
This pilot study demonstrated in a group of patients without AKP the ability 
of the mobile PE to correct the malrotation of the fixed tibial base plate. This 
‘forgiving’ compensating feature may help prevent AKP, but this remains to be 
proven. Greater attention to and understanding of AKP will lead to pain relief 
and overall patient satisfaction after TKA.

Keywords: Anterior Knee Pain; Malrotation; Total Knee Arthroplasty; Internal 
rotation
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Introduction

Total Knee Arthroplasty (TKA) has become the standard treatment for 
patients with various disabling disorders of the knee[1,3,21,30,33]. Improvements 
in prosthetic design, instrumentation and surgical techniques have resulted in 
good to excellent patient satisfaction and long-term survival rates of greater 
than 90% to 95% [3,12,27,31,24,32]. Despite the success various authors have reported 
that a large proportion of all TKA patients, from 0.4%-49%, experience Anterior 
Knee Pain (AKP)[1,4,6,10,12-13,18-19,24,27-28,31,33]. This pain reduces patient’s quality of life 
and is reported as one of the main reason for early revision[4,6,18-19]. Over the 
years different reasons for Anterior Knee Pain (AKP) have been postulated: 
malpositioning or malrotation of the components[4,6,18-19,34], prosthesis 
design[12,24,27-29,32], resurfacing the patella[3,10,17,24], wear[30], referred pain[33], patella 
instability after TKA[25], soft tissues[14,33] and patient characteristics[11]. 

Proper axial alignment has been recognized as an important factor influencing 
the success of TKA and preventing AKP[4,6-7,18-19]. Various authors have indicated 
that patellofemoral complications, in the absence of axial malalignment, are 
associated with improper rotation of the femoral and/or tibial components [4,6-

7,18-19]. Berger et al linked combined component internal rotation (the sum of 
internal rotation of the femoral component and internal rotation of the tibial 
component) of a fixed bearing TKA to patellar tilt, subluxation, dislocation and 
patellar component failure[6]. Barrack et al reported a correlation between AKP 
and component rotation following a fixed bearing TKA, and concluded that 
patients with combined component internal rotation were more than five times 
as likely to experience AKP compared to those with combined component 
external rotation[4]. In their study, Nicoll and Rowley indicated a threshold value 
of 9° internal malrotation of the tibial component before patients are expected 
to experience pain[26]. All three studies were performed with a fixed bearing 
TKA[4,6,26]. Mobile bearing TKA are thought to correct the malrotation of the tibial 
component base plate by compensating rotation of the PE component. Since 
this is debated, the purpose of our study is to test the null hypothesis stating 
that rotation of the mobile PE bearing is not correlated with the malrotation of 
the fixed tibial base plate. 
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Patients and Methods

A study of 10 patients with a well functioning mobile bearing TKA and no 
complaints of AKP was conducted. Patients were randomly selected from the 
NexGen patient population. As no data was available for a power analysis, the 
study was originally designed and approved as a pilot with 10 patients. The 
Institutional Review Board approved the study protocol and patients gave 
informed consent. The patients in the study group received their TKA from 
one of three experienced knee surgeons (more than 10 years experience as a 
knee surgeon). All patients were treated according to the same intra and post-
operative protocol. The prosthesis used was the NexGen Posterior Stabilized 
Mobile TKA (Zimmer, Warsaw, IN, USA). Exclusion criteria were AKP or any 
unexplained pain that a patient experienced prior to or at the time of follow-
up.
At the outpatient clinic standard physical examination of the knee was 
performed, and standard long leg, patella skyline radiographs and 
Multidetector CT (MDCT) scans were obtained. To include the subjective 
aspect of pain, patients were specifically asked if knee pain was present 
and how severe the pain was the last 30 days. This was measured by use of 
a Visual Analog Scale (VAS) ranging from 0 (no pain) to 100 (severe pain) [9]. 
Additionally, the patients filled in the Oxford 12 item knee questionnaire with 
a score of 12 (no complaints) to 60 (severe complaints) [16], the American Knee 
Society Score (AKSS) both knee and function score ranging from 0 (worse) to 
100 (best) [20], and the SF 36 health related questionnaire, thirty-six questions 
reflect eight dimensions of functioning. The data was entered in a database 
and the statistical analysis was performed using SPSS 20.0 (SPSS Inc, Chicago, 
IL). The results were checked for inconsistencies and errors. Continuous data 
were checked for normality visually and by use of the Shapiro-Wilk test and 
were described as means and Standard Deviations (SD) or medians with 
accompanying ranges in case of skewed distributions. The reliability of the 
measurements performed by the two observers, SB and MH, was determined 
with the use of the Intraclass Correlation Coefficient (ICC). A p-value <0.05 was 
considered statistically significant.

MDCT acquisition
With the use of a multi-slice spiral CT scanner ‘Brilliance’ (Philips, Eindhoven, 
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the Netherlands), with scanning parameters 120Kv, 120mA, 0.75sec rotation 
time and 3 mm image thickness with the “BoneKernel” setting, data acquisition 
was performed is 3D scanner can obtain higher and better measurement 
accuracy than the previously used CT-scanners in similar studies. The method 
described by Berger et al and Barrack et al was adapted [6]. The radiographic 
measurements of the CT-images were analysed with OsiriX® measurement 
program and were evaluated by two observers, SB and MH. The results were 
subsequently checked for inconsistencies and errors by MM. 

Measurements: 
Femoral component rotation
The femoral component rotation was determined by measuring the prosthetic 
posterior condylar angle. The Posterior Condylar Line (P.C.L) in the axial CT 
image (figure 1, line 1) is tangential to the medial and lateral posterior condylar 
surfaces. The Surgical Epicondylar Axis (S.E.A) (figure 1, line 2) connects the 
lateral epicondylar prominence and the medial sulcus of the medial epicondyle. 
The posterior condylar angle is the angle between these two lines [6]. The 
normal value for the posterior condylar angle is 0.3˚(±1.2˚) internal rotation for 
females and 3.5˚(±1.2˚) internal rotation for males relative to the SEA [6]. This 
rotation was deducted from the measured condylar angle to obtain the (mal)
rotation value.

Figure 1. Femoral component rotation as measured on a coronal CT section.

The Posterior Condylar Line (P.C.L.) is tangential to the medial and lateral condylar surface (line 1). The 
Surgical Epicondylar Axis (S.E.A.) connects the lateral epicondylar prominence and the medial sulcus of 
the medial epicondyle (line 2). The angle between these two lines is the posterior condylar angle(P.C.L.). 
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Tibial base plate rotation 
Tibial component rotation was determined from four axial slices, one just 
below the tibial base plate, one at the level of the base plate, one at the level of 
the PE and one at the level of the most prominent part of the tibial tuberosity. 
The geometric centre is found by connecting the lines of the ellipse of the 
best fit just below the tibial base plate (figure 2a, red circle). A line was drawn 
parallel to the posterior tibial base plate. From this line a perpendicular line was 
drawn through the geometric centre (figure 2b). The tibial tubercle axis was 
determined by transposing the geometric centre to the image with the most 
prominent point of the tibial tubercle (figure 2c, red line). The angle between the 
tibial tubercle axis and the line perpendicular to the posterior borderline of the 
tibial base plate was determining the tibial component rotation (figure 2d). The 
normal rotation value of 18˚(±2.6˚) internal rotation for the tibial component 
was deducted from the line connecting the middle of the tibial tubercle en the 
geometric centre (figure 2e). The angle that remained determined the amount 
of internal or external rotation (figure 2f ).

Case example; tibial rotation: 

Figure 2 illustrates a case example of tibial component rotation of a right knee after the geometric 
centre of the tibial base plate was obtained (red circle, figure 2 a). A line was drawn parallel to the 
posterior tibial base plate. From this line a perpendicular line was drawn through the geometric centre 
(figure 2 b). A line is drawn from the geometric centre to the most prominent point of the tibial tubercle 
(figure 2 c). The angle between the tibial tubercle axis and the line perpendicular to the posterior tibial 
base plate measures 26˚ internal rotation, this is called the tibial rotation angle (green angle, figure 2 d). 
The normal value for this angle is 18˚ internal rotation (yellow angle, figure 2 e), this has to be subtracted 
from 26˚ resulting in 8˚ internal malrotation (red angle, figure 2 f ). 
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Polyethylene bearing rotation
The polyethylene bearing rotation was determined by measuring the angle 
between the polyethylene posterior borderline and the tibia tubercle axis. 
This angle was obtained by adding the angle formed by the polyethylene 
posterior borderline and the axis of the tibial base plate posterior borderline 
to the angle of the tibial base plate formed with the tibia tubercle (figure 3 
b). The combined tibial component rotation was measured by adding the 
polyethylene component rotation to the tibial base plate rotation.

Combined component rotation
As defined by Berger et al. [6] the combined component rotation was determined 
by adding the femoral component rotation angle and the tibial base plate 
component rotational angle for each patient. Internal rotation was added as a 
negative (-) angle and external rotation was added as a positive (+) angle. 

Conventional Radiology

The standard long-leg X-ray was used to determine the mechanical axes 
of each leg. Following Bindelglass the skyline view was used to measure 
the amount of patellar tilt and/or subluxation[8]. Lateral tilt and subluxation 
were defined as positive, and medial tilt and subluxation were defined as 
negative[8].

Results

The mean age of the patients in the study group at enrolment was 74 years (SD 
6.9). The mean length of follow-up was 69 months (SD 11). The ratio between 
female and male was 7:3. 
The mean femoral component rotation in the study group was 0.95˚ (SD 2.4˚) 
external rotation. The mean tibial base plate rotation in the study group was 
1.2˚ (SD 10˚) external rotation. The rotation of the polyethylene mobile bearing 
was 1.2˚ (SD 6.5˚) external rotation. The mean combined component rotation 
was 2.1˚ (SD 11˚) external rotation (Table 1).
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Figure 3. Angle between mobile PE bearing and posterior tibial base plate illustrates a case example of 
the same right knee, measuring the diff erence between the mobile PE and the posterior tibial base 
plate. In fi gure 3 a the posterior edge of the mobile PE is drawn (blue line). Afterwards this line is 
transposed to the line of the posterior tibial base plate (fi gure 3 b) (this is the same red line as fi gure 2 
b). The measured angle of 13˚ external rotation shows the correction of the mobile bearing PE. This 
angle can be measured as the line between tibial tubercle axis and the line perpendicular to the 
posterior line of the mobile PE (blue line fi gure 3 c). The normal value for this angle is 18˚ internal 
rotation (yellow angle, this is the same angle as fi gure 2 e), this has to be subtracted and measures 
5˚external rotation (blue angle, fi gure 3 d). The diff erence between the red angle, showing 8˚ internal 
rotation, and the blue angle showing 5˚ external rotation can be seen as the diff erence between a 
“mobile”(blue angle) and a “fi xed bearing”(red angle) (fi gure 3 e). 
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The mean mechanical axis in the study group was 0.9˚valgus (range 3.1˚ 
varus to 9.5˚ valgus). Tangential radiographs and skyline view measurements 
resulted in a mean patellar tilt within the group of 1.4 lateral tilt, with a range of 
-3.1˚ to 5.3˚. The patellar subluxation in the study group was 1 mm lateral, with 
a range of 0 to 7 mm. There was a statistically significant correlation coefficient 
of 0.85 (p<0.001) - between the rotation of the mobile PE and the fixed base 
plate of the tibial component (Figure 4; Table 2). In 5 out of 6 cases with internal 
rotation the PE corrected the malrotation. In 3 patients with excessive external 
rotation the PE corrected with internal rotation (Table 1). 

Table 1: Detailed rotation:
Most important finding, red column, showing what the Polyethylene rotation does compared with 
the Tibial Component Rotation

Subject 
number

 
 

Femur 
component 

rotation 

Tibial 
component 

rotation 

PE
component 

rotation

PE
component 

Rotation 
– Tibial 

Component 
Rotation

component 
rotation 

(femur + tibia) 

component 
rotation 
(femur + 

PE)

1 -1.5 -6.7 -2.3 4.4 -8.2 -3.8

2 0.7 3.3 -4.4 -7.7 4.0 -3.7

3 6.7 14.3 16.3 2.0 21.0 23

4 -0.6 -3.0 -3.6 -0.6 -3.6 -4.2

5 -0.7 -8.3 -0.5 7.8 -9.0 -1.2

6 -0.1 -7.1 -0.8 6.3 -7.2 -0.9

7 -0.1 -3.5 -3.5 0.0 -3.6 -3.6

8 3.1 -8.0 3.2 11.2 -4.9 6.3

9 2.1 18.2 9.4 -8.8 20.3 11.5

10 -0.1 12.8 9.9 -2.8 12.7 9.8

Mean 0.9 1.2 2.4 1.2 2.2 3.3

SD  2.4  10.2  7.1  6.5 11.7  9.1

Table 2: Bivariate correlation analysis (Spearman’s rho) of the PE-rotation relative to the base plate and 
the rotation of the base plate.

  Tibia component rotation angle

Correlation  P-value

Polyethylene rho = -0.85; p<0.001
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Figure 4: Scatter plot of the rotation of the tibial base plate and the rotation of the prolyethylene mobile 
bearing relative to the tibia base plate with linear regression line. 

The inter- and intraobserver reliability coefficient (ICC) for the component 
rotation was 0.98 (p < 0.001) and 0.98 (p < 0.001) respectively. The inter- and 
intraobserver reliability coefficient (ICC) for the tibial component rotation was 
0.97 (p < 0.001) and 0.99 (p < 0.001) and PE rotation was 0.76 (p < 0.027) and 0.99 
(p < 0.001) respectively. The median Knee Society Score – knee score – was 97.0 
points (range 58-100) and the Knee Society Score – function score – was 70.0 
points (range 10-100). The VAS showed a median score of 5 points (range 0-60). 
Furthermore, the median score for physical functioning and bodily pain were 
55 and 52 points respectively. Finally, the Oxford 12-item knee questionnaire 
had a median score of 17.5 points (range 14-36) (Table 3). No significant 
correlations were observed between the rotations of the components and any 
of the clinical scores.
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 Table 3 Patient reported outcome measures: VAS= visual analog scale for pain; Q1= physical functioning; 
Q2= role limitation due to physical problems; Q3= role limitations due to emotional problems; Q4= 
social functioning; Q5= mental health; Q6 energy vitality; Q7= pain; Q8= general health perception. 
AKSS, American Knee Society Score

Characteristics 
Study group (n=10)

Median Range

VAS 5 0-60

Oxford 12- item questionnaire 17.5 14-36
SF-36 Q1 55 25-90
SF-36 Q2 37.5 0-100
SF-36 Q3 100  0-100
SF-36 Q4 87.5 50-100
SF-36 Q5 84 68-96
SF-36 Q6 62.5 35-90
SF-36 Q7 52 22-100
SF-36 Q8 69.5  35-97
AKSS Knee score 97.0  58-100
AKSS Function score 70.0  10-100

Discussion 

This study showed that the PE-component of the mobile bearing TKA corrects 
for malrotation of the fixed tibial base plate. When the tibial base plate is 
internally rotated, the PE bearing will turn more towards external rotation, 
bringing the rotation of the combined components back towards neutral 
position. In addition, greater malrotation of the tibial base plate was not 
significantly correlated with physical function in our study population. 
Rotational alignment of the components of the TKA remains a topic of debate. 
Bargren emphasized the importance of tibial component rotation, showing that 
knee dislocation attributed to a tibial base-plate malrotation [2]. Different authors 
suggested that malrotation is an important issue but visualization techniques, 
to measure this malrotation, were not accurate enough. Using CT scans to 
visualize malrotation after TKA Berger et al reported that combined component 
internal rotation is associated with lateral tracking followed by patellar tilting 
and potential patellar subluxation[6]. In a case of severe malrotation a dislocation 
and component failure were reported[6]. Barrack et al also used CT scans to 
study the influence of malrotation on AKP[4]. They showed that patients with a 
combined internal rotation had a relative risk of AKP, which was five times higher 
than those without combined component internal rotation[4]. It is thought that 
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a femoral component placed in internal rotation shifts and tilts the patella 
medially and this can have a negative influence on AKP[4,6,18-19]. 
The results found in our study with respect to the PE-component rotation and 
malrotation of the fixed tibial base plate are in concordance with the previous 
reported literature[15,22-23]. Using a mobile bearing knee Komistek et al showed 
that in flexion the PE bearing rotation could vary from 8.5 to 9.8 degrees and 
in extension from 1.9 until 1.0 degrees at 3 and 15 months[23]. This is confirmed 
by Kessler in a cadaver study, that in the presence of femoral component 
malrotation, a mobile bearing could help maintain axial rotational alignment 
of the mobile PE bearing with the femoral component[22]. They indicated that 
the PE bearing could rotate up to 21 degrees[22]. However, they suggested that 
the PE bearing has minimal influence in reducing patellofemoral maltracking 
induced by femur malrotation due to the patella following the trochlear groove 
and the attachment to the tibial tubercle[22]. Garling et al analysed a mobile 
bearing PS knee and found limited movement of the PE bearing compared to 
the tibial component[15]. The femur component showed more axial rotation 
than the mobile bearing indicating that the femur component was sliding on 
the PE bearing[15]. 
Although this study did not reveal a significant relationship between malrotation 
and physical function in the absence of AKP, it is thought that avoiding 
malrotation plays an important role in preventing AKP[4,6,18-19,26]. A complicated 
issue associated with preventing malrotation is finding the ‘perfect’ placement 
of the components. It is unclear what the most ideal alignment for the femoral 
and tibial components is[4,6,18-19,26,34]. Four different techniques to determine 
correct rotational placement of the femur component are commonly used, 
i.e. posterior condylar line, anterior-posterior line or Whitesides line, surgical 
epicondylar axis and the gap technique. Of these four techniques the surgical 
epicondylar axis is the only technique that can be measured post operatively. On 
the tibial side intra-articular landmarks include the tibial tubercle, the patellar 
tendon and the posterior tibial axis. Additionally extra-articular landmarks (the 
transmalleolar axis of the ankle and the metatarsus of the foot) can be used to 
accurately place your tibial component. 
Preventing malrotation could also have an impact on reducing health costs and 
improving patient’s well being since AKP is said to be one of the main reasons 
for early revision[4,6,12-13,18-19,26,31,33]. Mockford and Beverland reported that 0.4% 
of their patients had a secondary patella resurfacing in a study population of 
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2950 mobile bearing TKA[24]. In a study by Stiehl et al 4743 patients treated with 
a mobile bearing TKA only 2 had a secondary resurfacing. They reported 0.5% 
patella related failures (AKP was not mentioned)[32].
This study should be considered in light of its shortcomings, including that 
the results were limited to 10 patients and only one type of mobile bearing 
was used. Another limitation was that the measurements of the tibial and 
femoral components were carried out using the technique described by 
Berger et al[6-7]. Although this is the most used and reported technique in the 
literature regarding component rotation, there are some concerns. The result 
of the measured component rotation is dependent on the chosen location of 
the geometrical centre. All measurements, including anatomical landmarks, 
are influenced by the interpretation of the observer. This remains a concern 
despite the good inter- and intraobserver reliability of the measurement of 
the component rotation. A further concern is the fact that the reference values 
used, the ones described by Berger, are from 75 embalmed anatomic specimen 
femurs[7]. Of these 75 specimens, the gender was known in 35 femurs and 
unknown in 40[7]. Nevertheless, the CT technique described by Berger can be 
seen as the gold standard for measuring (mal)rotation after a TKA today[4,6,26]. 
Although this technique has its imperfections it can be useful in detecting 
patients with a clinically relevant malrotation after their TKA[18-19]. 
Future studies may address the impact of different types of mobile bearing TKA. 
Patellofemoral complications, including AKP, seem to be rare in some types 
of mobile bearing TKA [24,32]especially in the first years after placement [12,29]. A 
small but clinically significant short term advantage was reported, regarding 
pain, in favour of the mobile bearing design as compared the fixed bearing 
design[29]. In the longer follow-up of this study, the reported difference was no 
longer seen[5]. Kim et al described more pain in a fixed bearing knee at a mean 
follow-up of 2.6 years [31]. Similarly, findings in a previous study, support the 
finding that the posterior stabilized mobile (PSM) bearing TKA demonstrates a 
clinically significant reduction in the reported incidence of AKP compared to a 
posterior stabilized fixed bearing TKA (PS)[12]. The longer follow-up study does 
not support this difference anymore[13]. Others researchers did not report any 
difference between a fixed and a mobile bearing[1,27,31,33].
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Conclusion

This pilot study demonstrated in a small group of patients the ability of the 
mobile PE to correct the malrotation of the fixed tibial base plate. This ‘forgiving’ 
feature may help to prevent anterior knee pain, but this remains to be proven 
in a prospective study. Greater attention to and understanding of anterior knee 
pain will lead to pain relief and overall patient satisfaction after TKA.
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Abstract

Arterial complications caused by a hemarthrosis are often seen after total knee 
arthroplasty and can carry a significant morbidity risk. We present a rare case 
report presents an 81 year old Caucasian male with recurrent hemarthrosis after 
secondary resurfacing of the patella. The secondary procedure was performed 
one year after the primary TKA (Total Knee Arthroplasty), because of persistent 
anterior knee pain. Post operative Ultrasound and CT angiography revealed 
a 1 cm diameter pseudoneurysm of the superior lateral geniculate artery as 
the cause of recurrent hemarthrosis. The pseudoaneurysm was diagnosed 
using a CT angiography and was treated by thrombosing the lesion employing 
ultrasound guided percutaneous puncture and thrombin injection. At five 
months follow up the patient is functioning well with a pain free TKA, without 
recurrence of hemarthrosis and pseudoaneurysm blood-flow. A review of the 
literature and aspects of hemarthrosis after a TKA are discussed.
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Introduction

Total Knee Arthroplasty (TKA) has become the generally accepted treatment 
for osteoarthritis of the knee, relieving pain and improving knee function[1-9]. 
Although successful, TKA complications remain a concern [1-9]. Vascular 
complications after TKA have been reported, but are very rare (0,03 - 1,6%) [1-9]; 
venous thrombosis remains the most common vascular complication[1-9]. Some 
case reports have been published on direct arterial injuries, acute ischaemia, 
aneurysm formation and arteriovenous fistula’s [1-9]. In this case report aspects 
of haemarthrosis after a TKA are discussed.

Case report
We present a case of an 81-year-old male suffering of osteoarthritis of the 
knees. He was treated, July 2008, for his right knee with a cemented TKA (type 
Innex Mobile Bearing, Zimmer, Warsaw, Indiana, USA). At our hospital, we only 
perform a retinacular release and resurfacing of the patella when indicated, and 
we never perform a peripatellar cauterization. Because of persistent anterior 
knee pain a secondary patella resurfacing was planned. Four weeks before the 
second operation, a spontaneous hemarthrosis occurred while the patient was 
climbing stairs. We performed needle aspiration and removed the hematoma. 
The haemarthrosis subsided and the knee was painful but not swollen. The 
secondary resurfacing of the patella was performed in September 2009. A 
tourniquet was inflated to 350 mmHg and used for the whole procedure. While 
performing a standard medial arthrotomy a minimal amount of old blood was 
found. A cemented, patella button was inserted and a retinacular release was 
not needed (Innex, Zimmer, Warsaw, Indiana, USA) (figure ). 
The first four days of rehabilitation were uneventful and the patient was 
planning to go home. On the fifth day, after training, the right knee developed 
an acute swelling. Our patient had no known cardiovascular risk factors 
or arterial disease. A routine blood investigation, coagulation profile and 
bleeding time were performed. The standard post-operative anticoagulant 
therapy, Arixtra (Fondaparinux, Sanofi-Synthelabo, Maassluis, The Netherlands) 
was temporarily stopped. Our patient was first treated conservatively, but with 
an increase in swelling and pain, we decided to perform an arthrotomy and 
puls-lavage (Pulsavac, Zimmer, Warsaw, Indiana, USA). The haematoma that 
was found was washed out, but no reason for the haemarthrosis was found. 
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Two days later the knee swelling reoccurred, and an ultrasound and a CT 
angiography were then performed. The CT angiography revealed a patent 1 
cm diameter pseudoaneurysm in the superior patellar fossa, originating from a 
branch of the superior lateral geniculate artery (figures 2 and 3).

 

 

Figure 1: Anteroposterior and lateral radiographs 
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The pseudoaneurysm was treated by thrombosing the lesion using ultrasound 
guided percutaneous puncture of the pseudoaneurysm lumen and thrombin 
injection (Tissucol DUO 500, Baxter AG, Vienna, Austria; we only used the 
thrombin part of the Tissuecol package). After thrombin injection the 
pseudoaneurysm showed complete thrombosis without flow using Color and 
Power Doppler Ultrasonography (Philips (ATL), HDI 5000, Best, the Netherlands) 
(figure 4). There were no peripheral vascular complications due to the local 
thrombin injection.

 

Figure 2: CT axial view of pseudoaneurysm in the right knee (hematoma and pseudoaneurysm visible)

Figure 3: sagittal view of pseudoaneurysm in the right knee (haematoma and pseudoaneurysm visible)
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Figure 4: pseudoaneurysm before and after injection of tissuecol
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Ultrasound at five months of the right knee revealed size reduction of the 
pseudoaneurysm without flow and marked reduction of intra-articular fluid. At 
12 months follow up the patient is functioning well with a pain free TKA.

Discussion

Though rare, vascular complications are reported between 0,03% and 1,6% of 
patients undergoing a TKA[1-9]. Early causes are direct arterial injuries, which 
can occur during the resection of the proximal tibia, distal femur, but also with 
pin fixation and while performing the necessary releases or the removal of the 
menisci [3,7,8,9]. Arterial aneurysm, pseudoaneurysm and arteriovenous fistula 
tend to occur in the first few months after the operation, but can also present 
in a much later stage[3,7,8]. Arterial aneurysm and pseudoaneurysm can present 
with a painful pulsatile mass, often posterior in the knee [8]. However, presence of 
a thrombus can prevent the pulsatile feature to be present and therefore make 
the diagnosis difficult [8]. Hemarthrosis can cause a delay in the rehabilitation 
period and cause joint stiffness, poor range of motion and occasionally lead to 
a deep joint infection [3,7,8]. Late complications include synovial impingement, 
Hoffa impingement, synovitis and hypertrophic tissue due to mal-alignment 
or instability[3,7,8]. Predisposing factors for hemarthrosis after TKA include 
Hypertension, Diabetes Mellitus, Pigmented Villo Nodular Synovitis (PVNS), 
Haemophilia, other bleeding disorders or anticoagulation medication[3,8]. 
Most often will hemarthrosis after TKA be treated conservatively with the RICE 
method (Rest, Ice, Compression and Elevation) [7,8]. The cause of hemarthrosis 
is often difficult to detect, but routine blood investigation, coagulation profile 
and bleeding time is advised [3,8]. After standard radiographs of the knee, 
ultrasound with diagnostic puncture would be the next advised investigation 
[3,8]. If this is ineffective, joint aspiration may be performed or even arthrotomy 
and pulsed lavage [7,8]. For therapeutic planning CT angiography is as sensitive 
but less invasive compared to catheter guided angiography. In this case the 
cause of the hemarthrosis of the right knee was detected by CT angiography 
and treated by ultrasound guided percutaneous thrombin injection. An open 
surgical repair is an option; however, image-guided intervention is less invasive, 
has a smaller risk of infection and a faster rehabilitation.
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Conclusion

Hemarthrosis caused by a patent pseudoaneurysm is fortunately a rare 
complication after TKA. We advise the use of CT angiography and image guided 
therapy.
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Abstract

Purpose: 
Cycling is a popular international professional and recreational sport 
performed by both sexes and all age groups. Regular exercise is important for 
the elderly population and it has been shown that cycling is of great value for 
the osteoarthritis- and knee arthroplasty patients. The purpose of this study 
was to evaluate the predictors of cycle use in three groups of knee patients. 

Methods: 
We included 298 patients, 93 patients had osteoarthritis of the knee, 118 
received a total knee arthroplasty and 87 had a meniscal and/or ligamentous 
injury. Patients were evaluated at the outpatient clinic and asked to complete 
the SF36-, Oxford 12-item-, IKDC- questionnaire and a specific cycling 
questionnaire. 

Results: 
As the patient gets older, the chances of being able to cycle, decrease by 5% 
every year. The chance to be able to cycle is 1.98 times higher for a male patient 
compared to a female patient. The chances of experiencing pain while cycling 
increases by 8% per unit rise of BMI. 

Conclusion: 
Age and sex, and not the clinical diagnosis are the predictors of the ability of a 
patient to cycle. An increased BMI is the only risk factor found for experiencing 
pain while cycling.

Keywords: knee, cycling, pain, osteoarthritis, meniscal injury, ligamentous 
injury, Total Knee Arthroplasty. 
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Introduction

Cycling is a popular international professional and recreational sport performed 
by both sexes and all age groups [3,6,10,13,12,2]. It is estimated that 49 million 
Americans cycle at least once a month and over 5 million more than 20 days a 
month [2]. In the Netherlands there are almost just as many people who possess 
a bicycle as there are inhabitants [3]. The cycle is not only used for sporting 
activities but also for recreational activities and as a means of transportation. 
In The Netherlands cycling is the third most used means of transportation after 
the car and walking [3] . 
It is well known that regular physical exercise is important for the elderly 
population and it has been shown to reduce anxiety, depression, all-cause 
mortality, and to improve cardiopulmonary health [10,12]. Other important 
positive effects are weight loss, an increase of bone density, and improved 
muscle co-ordination [10,12]. Although regular exercise is advised, pain can 
prevent patients from performing their daily activities and sports. The decrease 
in daily activities and/or sports leads to lower muscle strength and endurance, 
which again decreases daily activities and/or sports, resulting in a vicious circle. 
Pain with exercise and decrease in muscle strength make patients insecure to 
cycle and afraid of falling. Another contributing factor could be their possible 
co-morbidities, like cardiopulmonary disease, impaired hearing, dizziness, 
limited power of vision and many other reasons. Older people or patients seem 
to adapt their lifestyle to their limitations and would rather take the car or 
public transport. 
Total Knee Arthroplasty (TKA) has become the generally accepted treatment 
for severe osteoarthritis of the knee, relieving pain and improving function [6,10]. 
The clinical success of TKA has been well documented, therefore, our patients 
expect to continue an active lifestyle [10,12]. In recent years the recommended 
‘safe’ sports for patients after Total Knee Arthroplasty and other knee conditions 
were published [10,13,12]. Ericson and colleagues performed several studies on the 
biomechanics of cycling and found that the mean tibio-femoral compressive 
force was 1.2 times body weight (BW) when participants were cycling at 60 
rpm with a workload of 120 W [7]. D’Lima et al estimated even lower values 
(1.02 times the BW) in their in-vivo knee force study during recreational cycling 
[4]. Therefore, the in vivo knee forces of cycling (+/- 1 times the BW) are much 
lower than the in vivo knee forces during normal walking (2.8-3.5 times BW 
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when walking +/- 5 km/h) [7]. The low-impact of cycling on the knee joint makes 
cycling one of the most important activities recommended for osteoarthritis- 
and TKA patients [4,10,13,12]. 
Literature, but also our own clinical experience, shows that being able to cycle 
or to resume cycling is important to many patients [10,12]. The purpose of this 
study is to investigate the ability to cycle in three groups of knee patients.

Materials and Methods 

Between February 2004 and March 2005, 400 consecutive patients were asked 
to participate at the outpatient clinic of the Orthopedic departments of an 
Academic and a general hospital. All patients who consulted us for disorders 
of the knee were asked to participate. The exclusion criteria were (1) inability 
to understand and speak Dutch language and (2) being unable to fill out 
the response forms. A participation request was accompanied by a response 
form and a postage-paid return envelope. The request included a letter with 
instructions and information about the research question. If a patient agreed 
to participate, he/she filled out a set of questionnaires that contained the 
Short-Form 36 (SF-36), Oxford 12-item knee questionnaire, International 
Knee Documentation Committee (IKDC) questionnaire and specific questions 
regarding cycling. The non-responders were reminded by telephone. If a non-
responder did not return the questionnaire after this reminder-call, he was not 
contacted again. 
The Short-Form 36 (SF-36) is a self-administered generic health related quality 
of life (HRQoL) questionnaire constructed for use in medical outcomes studies 
[6,8]. It contains 36 questions on eight scales: physical function, role limitations 
because of physical health problems, bodily pain, social functioning, general 
mental health, role limitations because of emotional problems, vitality and 
general health perceptions [6,8]. The score ranges from 0 to 100, in which 
0 is the worst score and 100 the best possible score. The International Knee 
Documentation Committee (IKDC) Subjective Knee Form was first published 
in 2001 [11]. It is designed to evaluate a variety of knee conditions, including 
ligament and meniscal injuries [11]. The IKDC was translated and validated into 
many different foreign languages, including Dutch [9]. The Oxford 12-item 
questionnaire is a knee-specific questionnaire; every item has a score from 1 
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to 5 (from less to most difficult or serious) and a total score with a range from 
12 to 60 [6,8]. 
The specific questionnaire regarding cycling ability contained questions about 
the favorite transport means, the importance of cycling for the patient and for 
what purposes he uses the bicycle. Each patient was asked to make a top 5 of 
the most important means of transportation, including car, bicycle, walking, 
public transportation and scooter/motorcycle. The first and second most 
important means of transportation were considered as the most important 
for the patient. The importance of cycling to a patient was scored with a 
5-item Likert scale (very important, important, neutral, unimportant, totally 
unimportant). Additionally, the limitations in daily living and the degree of the 
limitations were questioned, including how well a patient could cycle now and 
whether he experienced pain while riding a bike. 
The response rate was defined as the number of patients that answered divided 
by the total number of patients who received a questionnaire. A response rate 
of 60% was considered as representative for the population. 
The results of this survey were analyzed to evaluate the important predictors 
of cycling for knee patients. Sub-analyses were performed for patients with 
meniscal and or ligamentous injuries, osteoarthritis and patients with a Total 
Knee Arthroplasty. To evaluate the importance of pain during cycling and the 
limitation in cycling (on a 5-item Likert scale), Spearman correlation coefficients 
between these questions and the bodily pain and physical functioning domain 
of the SF-36 were calculated. A logistic regression analysis was performed 
with backward selection procedure to determine the predictive factors for 
pain experience and ability to cycle. First, univariate tests were performed to 
assess differences between the factors such as diagnosis, sex, age, BMI, ethnic 
background and level of education. Second, those covariate factors that were 
significantly related to pain experience or the ability to cycle in the univariate 
analysis were entered in a logistic regression model to determine whether the 
risk of experiencing pain or being able to cycle was related to these factors. 
Odds Ratio’s and accompanying 95% confidence intervals (CI) were determined. 
A p-value <0.05 was considered as statistically significant.
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Results

Two hundred eighty-five out of 400 patients returned the set of questionnaires. 
After calling the non-responders, another 13 sets of questionnaires returned. 
In total, 298 patients returned the questionnaire resulting in a response rate 
of 75%. 
From the included 298 patients, 93 patients had osteoarthritis of the knee, 118 
received a primary TKA and 87 had a meniscal and/or ligamentous injury. The 
average follow-up of TKA patients was 3.1 years (SD 2.0). The demographics of 
these patients are shown in table 1.

Table 1. Demographics of the study population. *ANOVA –test resulted in statistically significant 
differences between all the groups separately. # Chi-square-test.

Group Osteoarthritis TKA Meniscal or ligamentous 
injury

P-value

Age (mean,range) 60.4 (27.5-85.7) 71.9 (36.4-90.0) 42.3 (14.7-75.0) (p<0.001)*
Male/female 41/52 43/75 36/51 N.S.#

Race (% caucasian) 83 (89%) 107 (91%) 77 (86%) N.S.#

The most important means of transport was the car for 195 patients (65%), 
walking for 177 patients (59%) and cycling for 132 patients (44%) (Table 2). The 
importance of cycling was scored by 153 patients (51%) as very important to 
important. 
From the 298 patients who completed the questionnaire, 194 (65%) did use 
their bicycle, 75 (25%) did not cycle and of these 75 patients 29 (10%) were not 
able to cycle. From the 259 patients who responded to the question, 124 (48%) 
used their bicycle on a regular basis for activities of daily living (ADL) including 
transportation to work and doing grocery shopping (table 2).
 
Table 2 Importance of cycling in the three knee groups
Group Osteoarthritis TKA Meniscal or 

ligementous injury
P-value

Frequent cycler 60/93 (65%) 64/118 (54%) 70/87 (81%) (p=0.001)
cycle as important transportation 44/92 (48%) 42/118 (36%) 46/87 (53%) (p=0.04)
Car as important Transportation 61/93 (66%) 72/118 (61%) 62/87 (71%) N.S.
cycle for ADL 39/87 (45%) 41/87 (47%) 44/85 (52%) N.S.
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Table 3 Pain and limitations with cycling in the three knee groups

Group Osteoarthritis TKA Meniscal or 
ligementous injury

P-value

Pain during cycling (n=227) 30/69 (44%) 34/85 (40%) 24/73 (33%) N.S.
Limited in cycling (n=192) 34/59 (58%) 57/87 (66%) 27/46 (59%) N.S.

The questions regarding limitations experienced during cycling because of 
their current knee problem was particularly seen with TKA patients. Here 57 
patients (66%) mentioned that they felt limited in their ability to ride a bicycle 
(Table 3). 
No strong correlations were present between the relevant domains of the SF-
36 and pain during cycling and limitation in cycling. SF-36 bodily pain against 
pain during cycling resulted in r=0.37 (p< 0.001) and the IKDC versus pain 
during cycling resulted in r=0.52 (p=0< 0.001), which is a poor correlation. 
Limitation in cycling ability versus SF-36 physical functioning resulted also in 
a correlation of r=0.28 (p< 0.001) and versus the IKDC in a r=0.36 (p < 0.001). 
Univariate analysis showed diagnosis, BMI, age and sex as significant predictors 
for ability to cycle at follow up. These factors were entered in a multivariate 
backward analysis for this outcome. These Multivariate analysis for ability to 
cycle showed that age OR 0.95 (95%CI: 0.93-0.98) and sex OR 1.98 (95%CI: 1.14-
3.42) were the only significant factors remaining in the model. This means that 
in the study population the chance to be able to cycle for male patients is 1.98 
times as high compared to female patients, and that each year that the patient 
gets older, the chance to be able to cycle, will decrease by 5%. 
Univariate analysis showed diagnosis, age and BMI as significant predictors 
for pain while cycling at follow up. These factors are entered in a multivariate 
backward analysis for this outcome. This Multivariate analysis for pain whilst 
cycling showed only BMI remained 
as a significant factor in this multivariate model with an OR of 1.08 (1.03-1.14). 
This means that with each BMI increase of one unit, the chance to experience 
knee pain while cycling will increase by 8%. 
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Discussion 

Various studies support sports recommendations for knee patients and have 
shown the importance of regular exercise, some of them even report the 
effectiveness of cycling [5,10,13,7,12]. Cycling is a popular international professional 
and recreational sport performed by both sexes and all age groups [3,6,10,13,12,2]. 
From the literature and our own clinical experience it is known that being able 
to cycle is important for many knee patients [3,5-6,13,7,2]. It is estimated that 49 
million US citizens cycle at least once a month and over 5 million more than 20 
days a month [2]. The bicycle is not only used for sporting activities but also for 
recreational activities and as a means of transportation. The CPB Netherlands 
Bureau for Economic Policy Analysis shows that, second to the car, the bicycle 
is an important mean of personal transportation [3]. As far as we know, no 
other study has been published assessing the predictors of cycling use in knee 
patients. 
The majority of the patients in this study were able to cycle at the time they 
visited the outpatient clinic. Based on the fact that 65 % of all these patients 
frequently use a bicycle for transport and that 48% are dependent of their 
bicycle for activities of daily living it seems that cycling is important for this 
population. 
Kuster and Ericson emphasize that cycling compared to walking gives 
lower tibio-femoral compressive forces while improving general health and 
therefore decreasing polyethylene wear in total knee arthroplasty [7,12]. Studies 
performed by Ericson and later D’Lima showed that the mean tibio-femoral 
compressive force is 1-1.2 times body weight (BW) with ergometric cycling and 
this compared to normal walking with 2.8-3.5 times BW [4,7]. The tibio-femoral 
compressive force can further be decreased by increasing the saddle height [7]. 
There is a poor correlation between pain during cycling, bodily pain scored 
with the SF-36 and the ability and possible limitations during cycling.
 As in other subjective knee related outcome scores, questions regarding 
walking, running and even sports are incorporated. However, no questions 
inform about ability to cycle. The poor correlations could both be caused by 
the unimportance of cycling or the design of these questionnaires [6,8]. Another 
contributing factor could be that patients seem to adapt their lifestyle when 
experiencing pain, a limited range of motion or anxiety to fall. Patients therefore 
rather take the car or use public transport. If patients are afraid of falling, the 
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advice may be to use a home trainer to improve cardio-pulmonary health and 
muscle strength. 
A possible limitation of the study is that not all patients responded to our 
request. Efforts were made to reduce the number of non-responders by 
contacting them by telephone, finally resulting is a response rate of 75%, which 
is considered to be sufficient [1]. A low response rate increases the possibility 
that the responders are not a representative sample and therefore increase the 
risk of a non-respondent bias [1]. 
In the study population, the ability to cycle is mainly predicted by age and sex 
and not by the specific knee related diagnosis. Each year that the patient gets 
older, the chances of being able to cycle, will decrease by 5%. The chance to be 
able to cycle is 1.98 times higher for male patients compared to female patients. 
Most studies agree on this, but Naal et al saw no difference between sex and 
even that their older patients were more active [5,10,13,12]. A possible explanation 
could be that their group of hemiarthroplasty patients are more active than 
the average group of total knee arthroplasty patients. BMI is the only risk 
factor found for pain experience during cycling. This means that with each BMI 
increase of one unit, the chance of experiencing knee pain while cycling will 
increase by 8%. A study performed by Dahm et al. concluded that age (<70 
years), being male and having a BMI less or equal to 30 kg/m2 are correlated to a 
higher activity level [5]. We found it predictable that younger patients are more 
able to cycle than older, but we have difficulty explaining why men are more 
able to cycle than women. Current literature does not give us an explanation 
and we can only speculate that muscle strength or hormonal influences may 
play a role in this.

Conclusion 

Age and sex, and not the clinical diagnosis are the predictors of the ability of a 
patient to cycle. An increased BMI is the only risk factor found for experiencing 
pain while cycling.
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Introduction

The main goal of a Total Knee Arthroplasty is to relieve pain and restore function 
in a severely diseased or injured knee joint. Although many improvements 
have been made in surgical techniques and implant design, knee arthroplasties 
are not able to fully restore a knee to its pre osteoarthritis or pre injury state. 
However, numerous articles report success in improving quality of life (relieving 
pain and restoring function) and survival of the arthroplasties. One major 
problem that remains is the proportion of patients continuing to experience 
varying degrees of pain after a TKA placement. The location of this persisting 
pain is usually in the anterior part of the knee. Not only is the pain bothersome, 
but it is also one of the main reasons for an early revision operation [5,8,31-32]. 
In this thesis, therefore, AKP after TKA will be analysed and some clinical 
implications discussed.

The first step in understanding AKP after TKA is to look at a healthy functioning 
knee. According to the theory of Dr Dye, “the healthy knee can be viewed as 
a biologic transmission with a complex assemblage of living asymmetrical 
moving parts whose purpose is to accept, transfer, and ultimately dissipate 
often high loads generated at the ends of the long mechanical lever arms of 
the femur, tibia, patella, and fibula” [21]. Furthermore, he refers to each knee 
having a unique ‘envelope of function’; a potential range of activity in which 
it maintains a homeostasis of all surrounding tissues [21]. The potential range 
of activity is different for individual knees, whether healthy, arthritic or with 
a knee arthroplasty. An arthritic knee can be viewed as a transmission with 
worn bearings, and thus with a limited capacity to accept and transfer loads. In 
other words, arthritis causes the potential range of activity to become limited, 
causing pain and restrictions in daily activities such as walking and cycling, and 
even pain when at rest. 

The fundamental aim of knee arthroplasty or joint replacement surgery is to 
restore, as far as possible, a normal functioning, pain free knee. Applying Dr 
Dye’s theory to a TKA patient gives an interesting perspective. A TKA knee can 
then be viewed as a knee functioning with a combined biologic and artificial 
transmission with a limited potential range of activity. The limitation is in part 
due to the use of artificial products containing metals and polyethylene, which 
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are harder and less flexible than the original cartilage and therefore make it 
unlikely that the knee will return fully to its pre-injury/pre-arthritis state. 
A pain free knee with a good function can be described in Dr Dye’s terms 
as functioning in a zone of homeostasis of all knee tissues. The knee that is 
structurally overloaded, and thus functioning in a zone of abnormal loading 
(supraphysiological) of knee tissues is clearly no longer functioning in the zone 
of homeostasis [21]. If this abnormal loading of the knee continues for long 
periods of time, a TKA can ultimately fail (i.e. it enters the zone of structural 
failure) [21]. It is interesting to find out, when AKP after TKA is present, if it has 
indeed entered the zone of structural overloading and if bringing the knee 
back into a zone of homeostasis can influence the AKP. 

This thesis is intended as a contribution to the process of better understanding 
AKP after TKA from a number of perspectives. Firstly, the issue of pain is 
addressed in a systematic review of pain transmission mechanisms and possible 
causes of anterior knee pain. Secondly, the issue of how to document the 
outcomes of TKA is addressed by looking at three English PROMs which were 
translated and validated for use in the Netherlands. Two of these are general 
outcome measures for knee function and one is specifically for anterior knee 
pain. Thirdly, TKA design issues are discussed. It has been postulated that a 
mobile bearing TKA may have certain advantages over a fixed bearing TKA. One 
such advantage, a lower incidence of AKP, was evaluated in a double-blinded 
prospective randomised clinical trial. The fourth area addressed is placement 
of the TKA. As the self-alignment of a mobile bearing may be beneficial in 
reducing the incidence of AKP, the question arises how and to what extent 
the malposition of the tibial base plate is corrected by the mobile bearing. 
This was addressed by a CT-based measurement of component positions in 
patients with a mobile bearing TKA. Finally, currently used outcome measures 
do not assess cycling. Since cycling is an activity that is especially relevant to 
the Dutch population, it is pertinent to consider what effect cycling may have 
on patients with a TKA and if cycling is a beneficial and recommended activity 
for TKA patients to maintain homeostasis of all knee tissues. 

1. What can cause Anterior Knee Pain after a Total Knee Arthroplasty?
Since AKP is a frequently occurring complication after TKA, the primary need is 
to elucidate how pain transmission works, what causes the pain in the anterior 
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part of the knee and what can go wrong with the nociceptive system after a 
TKA placement. In particular, it is important to identify what structures in and 
around the PFJ are sensitive to pain [9,46]. The synovium, lateral retinaculum, the 
infrapatellar fat pad, periosteum and subchondral bone of the patellae are all 
richly supplied with type IVa Free nerve endings (FNEs) and fibres containing 
Substance P (Chapter 2) [9]. Assuming that incapacitating AKP is caused by the 
activation of FNEs, the key is to know how they become active and whether 
this is due an abnormal mechanical deformation, thermal stimuli or special 
chemical agent [9,46].
Several publications [1,5,7-11,19,23-25,31,33,40,49-50,56,62-63,66] support the hypothesis that 
anything that is able to change the mechanics of the patellofemoral joint (PFJ) 
can activate these FNE and thus induce AKP after TKA[62]. The nociceptive system 
seems to be activated by several factors, either alone or in combination: Hoffa 
impingement, peripatellar synovitis, increased osseous pressure, patellofemoral 
instability and mechanical changes that alter the PFJ in an abnormal way. 
Looking specifically at the patellofemoral joint, one can view this joint as a large 
sliding bearing that is exposed to the highest loads of any component of human 
joints [22]. Different biomechanical studies have shown that patella kinematics 
is very complex due to the combination of rotation, flexion and mediolateral 
shift [57]. Recently it has been shown that patellofemoral pressure increases up to 
1.5-2.5 times after TKA placement compared to a normal knee [38]. These higher 
pressures on the PFJ is thought to contribute to AKP after TKA [62]. 
Some researchers investigated the influence walking has on AKP after TKA. A 
higher knee extension moment in the early midstance phase of walking causes 
higher forces on the PFJ and consequently a higher frequency and severity of 
AKP after TKA [58]. Interestingly, the patients that modify and decrease the PFJ 
loading had less or no AKP [58]. Muscle balance also has an influence on AKP, for 
instance the preoperative weakness of the vastus medialis muscle was seen 
to lead to increased activation of the vastus lateralis, and the ensuing lateral 
maltracking of the patella can lead to AKP after TKA[49,15]. Weakness of the hip 
adductors was also seen to lead to a dynamic valgus and thus to lateral patella 
maltracking, which therefore makes it a contributor to AKP after TKA [49]. 
Synovial impingement after TKA can play an important role in postoperative 
pain [17]. One reason could be that not all nociceptive sources of pain have been 
removed or addressed during surgery[22]. This can be a source of persistent 
pain, swelling and dysfunction, despite well placed components [22]. 
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The most studied aspect of AKP has been the influence of the patella, 
especially in relation to resurfacing [3-4,8,13,43,53,65,68,48,30]. A meta analysis of 7 
high quality studies showed no advantage for resurfacing the patella with 
regard to AKP [30]. Others looked at the patella height [40,68], patellar thickness 
[26,35], patella baja (pseudobaja) and patella instability [25,44,62], but these studies 
could not demonstrate a correlation with AKP after TKA, which is often more 
a lack of power than proof. Circumpatellar electrocautery denervation of the 
patella seems to make a difference in favour of less AKP [63]. One study found a 
lower prevalence of AKP due to the resection of Hoffa’s fat pad [41]. The above 
mentioned aspects of AKP were not studied in this thesis since we did not focus 
on them.

2.  Documenting outcomes: how is AKP and success evaluated for (Dutch) 
TKA patients? 

With the increase in TKA numbers in recent years, there is a need for valid 
and reliable patient reported outcome measures (PROMs) for patients with 
arthritis or severe knee injury, including both those who will undergo or who 
have already received a knee arthroplasty. In 1998 the Oxford 12-item Knee 
Questionnaire was developed by Dawson et al as a self-administered disease 
and site specific questionnaire, especially intended for knee arthroplasty 
patients [18]. Since then it has proven to be an effective and widely used 
outcome questionnaire [20]. The Dutch translation of this questionnaire has 
proven to be reliable, valid and highly sensitive to change (Chapter 3). In 2001 
the International Knee Documentation Committee (IKDC) presented a knee 
specific subjective outcome measurement tool. The IKDC subjective knee 
form was designed to measure, for every knee related injury, the presenting 
symptoms and limitations in function and sports activity due to impairment of 
the knee. The Dutch version of the IKDC Subjective Knee Form is an excellent 
outcome measurement tool for knee-related research for all types of knee 
pathologies (Chapter 4). However, for osteoarthritis of the knee, the Oxford 12 
Questionnaire score was shown to have better construct validity (Chapter 4).
Although the general knee questionnaires included pain questions, they were 
not specifically developed to detect AKP. Even with good to excellent scores 
on these questionnaires, patients can still suffer from AKP. Conclusions should 
not, therefore, be made about post TKA AKP based on these questionnaires. 
The Kujala score, also called the Anterior Knee Pain scale (AKPS), is a validated 
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tool to evaluate AKP. The translation and validation of the AKPS for AKP in knee 
arthroplasty patients is important: it makes it possible to adequately follow up 
these patients in the Dutch population and monitor them for AKP after surgery 
(Chapter 5). The AKPS can now be used by orthopaedic surgeons as well as 
physical therapists to assess complaints of AKP in patients following knee 
arthroplasty and can be used to evaluate the effectiveness of certain treatment 
options, i.e. patellar prosthesis addition or isometric training programs.

3.  TKA design and AKP: are there advantages of using a mobile over a fixed 
bearing TKA? 

The theoretical advantage of the mobile bearing TKA is the ability to self align 
and, therefore, to accommodate small mismatches [1,12,39,47]. If this is actually 
the case, a better patellar tracking could be expected, with a decrease in the 
incidence of anterior knee pain. Only Price et al, found a small but clinically 
significant short term advantage for the mobile bearing design [51]. Others 
report no difference when comparing the PS to the cruciate retaining mobile 
(MBK) [1]. There is one study where a mobile bearing had a high rate of anterior 
knee pain (49,2%) caused by a suboptimal trochlear design [50]. The short 
term outcome of the double blinded, prospective randomised controlled 
trial, described in chapter 6, was that there was statistically significant lower 
incidence of reported anterior knee pain in the posterior stabilised mobile 
bearing (PSM) knees compared to the posterior stabilised fixed bearing (PS) 
knees. 
Theoretically, the design of PSM knees could lead to better Range Of Motion 
(ROM) during knee flexion activities [29]. No differences were observed for ROM 
between the PS and the PSM groups. The incidence of lateral retinacular release 
is reported to decrease with the use of a mobile bearing design; however, 
in this study, the incidence was identical in both groups [47,52]. Pagnano et al 
reported similar results but other authors report a decrease in the incidence 
of lateral retinacular release from 10% for the fixed to 0% in the mobile group 
[47]. No difference in QoL was detected while comparing the PSM to the PS 
knee. The influence of anterior knee pain in both the general subjective health 
questionnaires and the knee specific questionnaires was definitely detected. 
Patients with AKP reported lower levels of QoL than the patients without AKP. 
The particular strength of the trial reported in chapter 6 is the equal 
randomisation with double-blinding, where both groups received the same 
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three-part prosthesis apart from the tibial insert. Observer- and patient-related 
bias was thus minimised. This study supports the notion that the PSM TKA 
demonstrates a clinically significant reduction in the reported incidence of 
anterior knee pain relative to a PS TKA. Chapter 7 addresses the question of 
whether the outcome at the short-term follow-up persisted at a longer term, 
i.e. about 8 years postoperatively. The most important outcome of this study is 
that a PSM knee does not maintain the lower incidence of anterior knee pain 
compared to the PS TKA. Kim et al reported less pain in the mobile bearing 
group compared to a fixed bearing group at a mean follow-up of 2,6 years [34]. 
Wohlrab et al found a difference in pain scores at three months favouring the 
mobile bearing, but found no difference after three and five years [67]. 
Matsuda et al noted that the Nex Gen LPS knee is not fully conformed in the 
tibio-femoral articular surface, allowing up to 12 degrees of rotational freedom 
in full extension [42]. 
In conclusion, most systematic reviews and/or meta-analysis have not shown 
an advantage of using a mobile bearing[1,6,59,62,61,60]. Due to a recent meta-
analysis showing less AKP in the mobile bearing TKA, and our studies, however, 
it seems that the debate can be reopened as to whether the mobile is part of 
the solution to AKP [39]. Aglietti et al has suggested that the performance of 
a mobile bearing knee might decline over time [1]. Yet, even if this difference 
is only relevant in the short term, it would still seem advantageous to use a 
mobile bearing TKA for the benefit of patients that experience less pain in this 
period.

4.  Placement of the TKA: can a mobile bearing correct for malrotation of the 
fixed tibial base plate after TKA?

An advantage of the mobile bearing tibial component of a TKA is the capacity to 
self-align according to the mechanics of the joint, in particular the mechanism 
of the patella and quadriceps muscles. For a fixed-bearing TKA, Berger et al 
reported that combined component internal rotation is associated with lateral 
tracking of the patella followed by tilting and potential patellar subluxation 
[7]. Dislocation and component failure were reported when severe malrotation 
of the tibial component was present [7]. Barrack et al studied the influence of 
malrotation on AKP and found a combined internal rotation had a relative risk 
of AKP, which was five times higher than those without combined component 
internal rotation [5]. It is thought that a femoral component placed in internal 
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rotation shifts and tilts the patella medially and this can have a negative 
influence on the patellofemoral joint [5,7,31-32]. This could be an important reason 
why secondary resurfacing of the patella does not always solve AKP after TKA 
[8,43]. 
In the study using measurements on CT-scan images, it was observed that 
the PE-component of the mobile bearing TKA corrects for malrotation of the 
fixed tibial base plate (Chapter 8). If the tibial base plate is internally rotated, 
the PE bearing will turn towards external rotation, bringing the rotation of the 
combined components back towards neutral position. In addition, greater 
malrotation of the tibial base plate was not correlated with poor outcome in 
our study population. 
These findings are in concordance with the previously reported literature 
[28,33,36]. Using a mobile bearing knee, Komistek et al showed that in flexion 
the PE bearing rotation could vary from 8.5 to 9.8 degrees and in extension 
from 1.9 to 1.0 degrees at 3 and 15 months [36]. This is confirmed by Kessler in a 
cadaver study, namely that in the presence of femoral component malrotation, 
a mobile bearing could help maintain axial rotational alignment of the mobile 
PE bearing with the femoral component [33]. The study indicated that the PE 
bearing could rotate up to 21 degrees [33]. However, it suggested that the PE 
bearing has minimal influence in reducing patellofemoral maltracking induced 
by femur malrotation because the patella follows the trochlear groove and the 
attachment on the tibial tubercle [33]. Garling et al analysed a mobile bearing 
PS knee and found limited movement of the PE bearing compared to the tibial 
component [28]. The femur component showed more axial rotation than the 
mobile bearing, indicating that the femur component was sliding on the PE 
bearing [28]. 

In conclusion, literature demonstrates a relationship between malrotation and 
the severity of experienced AKP. If the components of the TKA are malrotated, 
the knee tissues are overloaded and clearly functioning in a zone of abnormal 
loading rather than homeostasis [21]. If this abnormal loading of the knee 
continues for long periods of time, a TKA can ultimately fail (i.e. it enters the 
zone of structural failure) [21]. Berger et al reported that combined component 
internal rotation is associated with lateral tracking of the patella followed by 
tilting and potential patellar subluxation [7]. Dislocation and component failure 
were reported when severe malrotation of the components was present. If AKP 
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is present after TKA placement, it is interesting to find out if it is possible to 
bring the knee back into a zone of homeostasis and thus influence the AKP. This 
can sometimes be achieved by simple measures, for example in the study by 
Smith et al, where patients that were able to learn how to walk in a different way 
could reduce or even had no AKP compared to patients that could not learn 
how [58]. Other measures include muscle training (the quadriceps/hamstrings 
and also the hip and trunk muscles, therefore avoiding a dynamic valgus [15,49]), 
medication (painkillers), taping of the patella or avoiding certain activities. If 
structural mechanical causes are present, revision surgery may be indicated, 
but caution is advised within the first 12 months. Revision operations can be 
divided in three major groups; group 1 is balancing the knee components 
and/or patella, removing scar tissue, synovectomy (arthroscopic or with an 
arthrotomy); group 2 is the patella resurfacing group and group 3 is correcting 
malposition/placement by changing the components (chapter 2) 
Avoiding malrotation can also reduce the incidence of reoperation and the 
associated risks for patients. A common scenario for persistant AKP after TKA 
is when the patella is secondary resurfaced and pain is still present. This can 
be due to the fact that the pain was not caused by arthritis of the patella but 
due to malrotation of the components of the TKA. One of the risk factors of a 
reoperation are illustrated by a rare case report of an 81-year-old male left with 
a recurrent haemarthrosis (chapter 9). Though rare, vascular complications 
are reported between 0,03% and 1,6% of patients undergoing a TKA [55,54]. 
Arterial aneurysm, pseudoaneurysm and arteriovenous fistula tend to occur in 
the first few months after the operation, but can also present at a much later 
stage [54-55]. Other possible complications can also occur after a reoperation 
due to persistent AKP after TKA. The most devastating is probably an infection, 
followed by deep vein thrombosis, pulmonary embolis, patellar instability, 
patellar fracture and other less serious complaints. 

Avoiding malrotation could therefore play an important role in preventing AKP 
[5,7,31-32,45]. A complicated issue associated with preventing malrotation is how to 
find the ‘perfect’ alignment of the components, especially given the geometric 
variation among patients. It is unclear what the most ideal alignment for the 
femoral and tibial components is for an individual patient [5,7,31-32,45,64]. Future 
research is clearly needed for this difficult topic.
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5. The influence of cycling on patients with arthritis and knee arthroplasty
It is well known that cycling can play a role in maintaining general health. It is 
a physical activity with a relatively low load on the knee compared to walking 
and running, and with little risk of further degeneration and TKA wear. The 
ability to cycle can be mainly predicted by age and sex, and not by the specific 
knee related diagnosis (chapter 10). Each year that the patient gets older, the 
chances of being able to cycle will decrease by 5%. The chance of being able to 
cycle is 1.98 times higher for male patients compared to female patients.
Body mass index (BMI) is the only risk factor found for pain experience during 
cycling. This means that the chance of experiencing knee pain while cycling 
will increase by 8% with each BMI increase of one unit,
It is estimated that 49 million US citizens cycle at least once a month and 
over 5 million more than 20 days a month [2]. The bicycle is not only used for 
sporting activities but also for recreation and as a means of transport. The CPB 
Netherlands Bureau for Economic Policy Analysis shows that, after the car, 
the bicycle is the most important mode of transport [14]. As far as we know, no 
other study has been published assessing the predictors of cycling use in knee 
patients. Kuster and Ericson emphasise that, compared to walking, cycling 
gives lower tibio-femoral compressive forces, while improving general health 
and therefore decreasing polyethylene wear in total knee arthroplasty [37,27]. 
Studies performed by Ericson and later D’Lima showed that the mean tibio-
femoral compressive force is 1-1.2 times body weight (BW) with ergometric 
cycling, and this compared to normal walking with 2.8-3.5 times BW [16,27]. The 
tibio-femoral compressive force can further be decreased by increasing the 
saddle height [27].

Concluding remarks
In the future, the development of biological joint arthroplasties may mean 
that TKA is better able to restore a pain free knee with a good function. For 
the present, however, patients need to understand that some anterior knee 
pain may be a persisting problem, and clinicians need to develop a better 
understanding of why this is and how to reduce its incidence and severity.

Patients judge the success of their TKA in relation to pain reduction and 
restored function Measuring satisfaction and outcomes is nevertheless 
difficult, due to so many factors playing a role: for example, dissatisfaction may 
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be a demonstration of an unrealistic expectation rather than a reaction to a 
poor outcome. An essential part of the treatment of TKA patients is therefore to 
enable them to form realistic expectations of the likely impacts and results. This 
can best be done prior to surgery through clear communication, education 
and the use of patient reported outcome measures (PROMs). 

For clinicians it is important to understand that anything that is able to change 
the mechanics of the patellofemoral joint (PFJ) seems to activate FNE and thus 
induce AKP after TKA.
This AKP is often the presenting symptom and can be considered as the tip 
of the iceberg. Our patients complain of AKP after a TKA, and not about the 
malrotation or the instability that is present. If AKP is present, surgeons should 
try to determine the underlying cause of this pain (which is often multifactorial). 

This thesis suggests a number of ways to help determine whether AKP is 
present after a TKA placement. The Kujala score can be used to measure if AKP 
is present before and after TKA placement. Furthermore, the Kujala can be 
used to evaluate different treatment results, for example results of secondary 
patellar resurfacing. 

This thesis also draws a number of conclusions about minimising AKP. It appears 
that when treating future patients, simply changing to a mobile bearing TKA 
will not necessarily solve the problem. However, it can have a positive influence 
on the presence of AKP, especially in the first postoperative years. Correct 
placement of femur and tibia components is crucial and the mobile bearing can 
have a forgiving feature, provided it is placed the correct way. Moreover, just 
releasing the retinacula or resurfacing the patella does not always resolve the 
AKP problem. It can be concluded that a perfect placement of a well-designed 
TKA can minimize the chance of AKP, but it cannot be concluded that it will 
fully prevent it, as many factors are playing a role in the origin of AKP. 

In conclusion, anterior knee pain remains one of the major problems patients 
experience after a TKA placement. The goal for the next decade is to make 
significant further progress to understand the complex interaction of factors 
causing AKP in order to know how to prevent and eliminate it. 
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General introduction

The main goal of a total knee arthroplasty (TKA) is to relieve pain and 
restore function in a severely diseased or injured knee joint. Although many 
improvements have been made in surgical techniques and implant design, 
knee arthroplasties are not able to fully restore a knee to its pre osteoarthritis 
or pre injury state. However, numerous articles report success in improving 
quality of life by relieving pain and restoring function to a significant degree, 
and long-term survival of the arthroplasties. One major problem that remains 
is the proportion of patients continuing to experience varying degrees of pain 
after a TKA. The location of this persisting pain is usually in the anterior part of 
the knee. Not only is this pain bothersome, but it is also one of the reasons for 
an early revision surgery. In this thesis anterior knee pain (AKP) after TKA will be 
analysed and some clinical implications discussed.
This thesis is intended as a contribution to the process of better understanding 
AKP after TKA from a number of perspectives.  Firstly, the issue of pain is 
addressed in a systematic review of pain transmission mechanisms and 
possible causes of anterior knee pain. Secondly, the issue of how to document 
the outcomes of TKA is addressed by looking at three English patient reported 
outcome measures (PROMs), which were translated and validated for use in the 
Netherlands. Two of these are general outcome measures for knee function and 
one is specifically for anterior knee pain. Thirdly, TKA design issues are discussed. 
It has been postulated that a mobile bearing TKA may have certain advantages 
over a fixed bearing TKA. One such advantage, a lower incidence of AKP, was 
evaluated in a double-blinded prospective randomised clinical trial. The fourth 
area addressed is placement of the TKA. As the self-alignment of a mobile 
bearing may be beneficial in reducing the incidence of AKP, the question arises 
how and to what extent the malposition of the tibial base plate is corrected 
by the mobile bearing. This was addressed by a CT-based measurement of 
component positions in patients with a mobile bearing TKA. Finally, currently 
used outcome measures do not assess cycling. Since cycling is an activity that 
is especially relevant to the Dutch population, it is pertinent to consider what 
effect cycling may have on patients with a TKA and if cycling is a beneficial and 
recommended activity for TKA patients. 
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Chapter 2:   What can cause anterior knee pain after a total knee arthroplasty?
Since AKP is a frequently occurring complication after TKA, the primary need is 
to elucidate how pain transmission works, what causes the pain in the anterior 
part of the knee and what can go wrong with the nociceptive system after a 
TKA placement. In particular, it is important to identify what structures in and 
around the patellofemoral joint (PFJ) are sensitive to pain. These issues were 
addressed in a narrative review of the current literature.
 The synovium, retinaculum, the infrapatellar fat pad, periosteum and 
subchondral bone of the patellae are all richly supplied with type IVa Free nerve 
endings (FNEs) and fibres containing Substance P. Assuming that incapacitating 
AKP is caused by the activation of FNEs, the key is to know how they become 
active and whether this is due an abnormal mechanical deformation, thermal 
stimuli or special chemical agent. Several publications support the hypothesis 
that anything that is able to change the mechanics of the PFJ can activate these 
FNE and thus induce AKP after TKA. The nociceptive system seems to be able to be 
activated by several factors, either alone or in combination: Hoffa impingement, 
peripatellar synovitis, increased osseous pressure, patellofemoral instability 
and mechanical changes that alter the PFJ in an abnormal way. Anterior knee 
pain after TKA can thus be seen as the presenting symptom of a multifactorial 
problem. The literature agrees in broad terms that the nociceptive system is 
being activated by abnormal mechanical deformation, thermal stimuli or 
special chemical agents and the the pain seems to be caused by soft tissues 
(i.e., retinaculum, infrapatellar fat pad and the synovial membrane) being 
overloaded and/or due to impingement; for example due to malrotation of 
the components, overstuffing of PFJ, instability of the PFJ or a combination. 
Simply changing to a mobile bearing, releasing the retinacula or resurfacing 
the patella does not seem to be a universal solution. A perfect placement of a 
well-designed TKA can minimise AKP, however it cannot be concluded that it 
will prevent AKP, due to the large number of different factors playing a role in 
the origin of AKP. 

Chapter 3-5:  Documenting outcomes, how is AKP and success evaluated for 
(Dutch) TKA patients?

The goal of these three studies was to describe the results of the translation 
and the testing of the validity and reliability of three internationally accepted 
patient reported outcome measures for the Dutch population. These studies 
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included patients with osteoarthritis, both those who will undergo and those 
who had already received a knee arthroplasty.
In 1998 the Oxford 12-item Knee Questionnaire was developed by Dawson 
et al as a self-administered disease and site specific questionnaire, especially 
developed for knee arthroplasty patients. Since then it has proven to be an 
effective outcome questionnaire, and is widely used. Despite the positive 
psychometric properties for the Total Knee Arthroplasty (TKA) population, the 
12-item knee questionnaire has only been translated in a few languages. We 
thus translated and validated the Oxford 12-item knee questionnaire for the 
Dutch population. After translation according to a forward/backward protocol, 
174 knee arthroplasty patients were asked to fill out the questionnaire together 
with an SF-36, an AKSS and a VAS. The reliability, validity, content validity and 
the sensitivity to change were all tested. The Dutch version of the Oxford 12-
item knee questionnaire achieved excellent scores in all of these properties. 
The ICC of the questionnaire was high at 0,97. Crohnbach’s alpha showed that 
the questionnaire had a strong internal consistency, with values of 0,87 and 
0,90 preoperatively and at 1-year follow-up, respectively. The Dutch Oxford 
12-item knee questionnaire proved to be an excellent evaluation instrument, 
being reliable, valid and highly sensitive to change and can be used for all knee 
arthroplasty patients.
In 2001 the International Knee Documentation Committee (IKDC) presented 
a knee specific subjective outcome measurement tool. The IKDC subjective 
knee form was designed to measure symptoms and limitations in function and 
sports activity due to impairment of the knee for every knee related injury. After 
a forward-backward translation protocol, the reliability, validity, and content 
validity were tested. The responses of 145 consecutive knee patients to 2 
questionnaires were used. These contained the Short Form-36 (SF-36), Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Oxford 12-item 
knee questionnaire score, a visual analog scale, and the Dutch IKDC Subjective 
Knee Form. Reliability was tested by measuring the test-retest reliability and 
internal consistency. Validity was tested by correlating the questionnaire to the 
other outcome measurements, and content validity was tested by measuring 
the floor and ceiling effects. The reliability proved excellent with an intraclass 
coefficient of 0,96 for test-retest. Internal consistency was strong (Cronbach’s 
Alpha 0,92). The construct, convergent, and divergent validities were good. The 
content validity was good; no floor or ceiling effect occurred in the selected 
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patient group. Our results showed that the Dutch version of the IKDC Subjective 
Knee Form is an excellent outcome measurement tool for knee-related research 
for all knee related injuries. However, for osteoarthritis of the knee, the Oxford 
12-item knee questionnaire score was shown to have better construct validity.
Although the general knee questionnaires included pain questions, they were 
not specifically developed to detect AKP. Even with good to excellent scores on 
these questionnaires, patients can still suffer from AKP. Therefore conclusions 
regarding AKP after TKA should not be made based on these questionnaires. 
The Kujala score, also called the Anterior Knee Pain scale (AKPS), is a validated 
tool to evaluate AKP. The translation and validation of the Kujala AKPS for AKP 
in Dutch knee arthroplasty patients makes it possible to adequately follow up 
these patients and monitor AKP before and after surgery. The internal reliability 
of the AKPS is acceptable with a Cronbach’s alpha of 0,81 in patients after TKA 
or UKA. A high correlation was found between the AKPS and the Oxford 12-
item questionnaire (R = 0,81). Moderate correlations were found with the VAS 
‘last month’ (R = 0,63), HSS patella score (R = 0,51) and SF-36 subscales physical 
functioning (R = 0,59), role-physical (R = 0,59), bodily pain (R = 0,57). Other 
correlations were poor, therefore indicating a good convergent and divergent 
validity. The AKPS can be used to assess complaints of AKP in patients following 
knee arthroplasty and to evaluate effectiveness of certain treatment options like 
isometric training programs or secondary patella resurfacing, on complaints.

Chapter 6-7:  Has a mobile bearing TKA advantages over a fixed bearing TKA 
in relation to the solving of the AKP problem?

These two chapters specifically address the effect of a mobile bearing design on 
AKP by comparing the posterior stabilised mobile knee (PSM) with the posterior 
stabilised fixed knee (PS). The theoretical advantage of the mobile bearing TKA is 
the ability to self align, and therefore to accommodate small mismatches. If this 
is actually the case, a better patellar tracking can be expected with a decrease in 
the incidence of anterior knee pain. The secondary questions are whether one 
design was superior to the other regarding overall pain, function, quality of life 
and survival. The studies were performed as a prospective, randomised, double-
blinded, clinical trial.  After one year there was statistically less anterior knee 
pain in the PSM knees compared to the PS knees. Although the overall outcome 
(overall pain, function, quality of life and survival) between the PSM and PS 
bearing did not differ, the data show that the presence of anterior knee pain 
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significantly influenced the outcome of the TKA and therefore can be considered 
clinically relevant. On the longer term, i.e. about 8 years postoperatively, the 
most important outcome is that a PSM knee does not give a lower incidence of 
anterior knee pain compared to the PS knee. Most systematic reviews and/or 
meta-analysis do not show an advantage of using a mobile bearing. Following a 
recent meta-analysis showing less AKP in the mobile bearing TKA, it seems that 
the debate is open again as to whether the mobile bearing is part of the solution 
to AKP. Other authors have suggested that the performance of a mobile bearing 
knee might decline over time. Even if this observed difference is only relevant 
during the first years after the surgery, still for those patients that experience 
less pain in this period it seems worthwhile to use a mobile bearing TKA.

Chapter 8:  Can a mobile bearing correct for malrotation of the fixed tibial 
base plate after TKA?

The question is whether a mobile bearing can correct the malrotation of the 
fixed tibial base plate in a PSM TKA. This question is addressed by performing 
a Computed Tomography evaluation of the TKA, measuring the component 
rotations relative to the bones in a selected group of patients. The key issue 
is whether the corrective rotation of the mobile PE is correlated with the 
malrotation of the fixed tibial base plate. Previously it was reported that a 
combined internal rotation had a relative risk of AKP, which was five times 
higher than those without combined component internal rotation. It is thought 
that a femoral component placed in internal rotation shifts and tilts the patella 
medially and that this can have a negative influence on PFJ. This could be an 
important reason to explain why secondary resurfacing of the patella does not 
always solve AKP after TKA. 
This study showed that the PE-component of the mobile bearing TKA corrects 
for malrotation of the fixed tibial base plate. When the tibial base plate is 
internally rotated, the PE bearing will turn more towards external rotation, 
bringing the rotation of the combined components back towards neutral 
position. 

Chapter 9:  A revision operation for anterior knee pain after a TKA can have 
consequences 

A case report illustrates the consequences that post-operative AKP can have for 
a patient. It details a rare clinical history of an 81-year-old male with a recurrent 
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haemarthrosis after secondary resurfacing of the patella for treating persistent 
AKP. Additionally, there is a literature review and a discussion about aspects of 
haemarthrosis after a TKA. Though rare, vascular complications are reported 
in between 0,03% and 1,6% of patients undergoing a TKA. Early causes are 
direct arterial injuries, which can occur during the resection of the proximal 
tibia, distal femur, but also with pin fixation and while performing the necessary 
releases or the removal of the menisci. Arterial aneurysm, pseudoaneurysm and 
arteriovenous fistula tend to occur in the first few months after the operation, but 
can also present in a much later stage. Arterial aneurysm and pseudoaneurysm 
can present with a painful pulsatile mass, often posterior in the knee. However, 
presence of a thrombus can prevent the pulsatile feature to be present and 
therefore make the diagnosis difficult. The use of CT angiography and image 
guided therapy is advised to treat this complication.

Chapter 10:  The influence of cycling on patients with osteoarthritis and knee 
arthroplasty

Cycling is a popular international professional and recreational sport enjoyed 
by both sexes and all age groups. Regular exercise is important for the elderly 
population and it has been shown that cycling is of great value for the 
osteoarthritis- and knee arthroplasty patients. The purpose of this study was to 
evaluate the predictors of cycle use in three groups of knee patients. 298 patients 
were included, 93 patients had osteoarthritis of the knee, 118 had received a 
total knee arthroplasty and 87 had a meniscal and/or ligamentous injury. The 
average age for the osteoarthritis of the knee group was 60,4 years, for the total 
knee arthroplasty group 71,9 years and for the meniscal and/or ligamentous 
injury group 42,3 years. Patients were evaluated at the outpatient clinic and 
asked to complete the SF-36, Oxford 12-item knee-, IKDC- questionnaire and a 
specific cycling questionnaire. As the patient gets older, the chances of being 
able to cycle, decrease by 5% every year. The chance to be able to cycle is 1.98 
times higher for a male patient compared to a female patient. The chances of 
experiencing pain while cycling increases by 8% per unit rise of BMI. Age and 
sex, and not the clinical diagnosis are the predictors of the ability of a patient 
to cycle. An increased BMI is the only risk factor found for experiencing pain 
while cycling.
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General discussion

In the future, the development of biological joint arthroplasties may mean that 
TKA is better able to restore a pain free knee with a good function. For the present, 
however, patients need to understand that some anterior knee pain may be a 
persisting problem, and clinicians need to develop a better understanding of 
why this is and how to reduce its incidence and severity.

Patients judge the success of their TKA based on pain reduction and restored 
function. Measuring satisfaction and outcomes is nevertheless difficult, due 
to the many factors that play a role. For example, dissatisfaction may be a 
demonstration of an unrealistic expectation rather than a reaction to a poor 
outcome. An essential part of the treatment of TKA patients is therefore to 
enable them to form realistic expectations of the likely impacts and results. 
This can best be done prior to surgery through clear communication, education 
and the use of patient reported outcome measures (PROMs). 

For clinicians it is important to understand that anything that is able to change 
the mechanics of the patellofemoral joint (PFJ) seems to activate FNE and thus 
induce AKP after TKA.
This AKP is often the presenting symptom and can be considered as the tip of 
the iceberg. Patients complain of AKP after a TKA, and not about the malrotation 
or the instability that may be behind it. If AKP is present, surgeons should try 
to determine the underlying cause of this pain, which is often multifactorial. 

This thesis suggests a number of ways to help determine the degree and type 
of AKP that may be present after a TKA placement. The Kujala score can be used 
to measure if AKP is present before and after TKA placement. Furthermore, the 
Kujala can be used to evaluate the effectiveness of treatment options used. 
If AKP is present CT scans can be used to determine if malrotation of the TKA 
components is a contributing factor. 

This thesis also draws a number of conclusions about minimising AKP.  It appears 
that when treating future patients, simply changing to a mobile bearing TKA 
will not necessarily solve the problem. However, it can have a positive influence 
on the presence of AKP, especially in the first postoperative years. Correct 

28375 Breugem V2.indd   192 14-05-14   13:47



Summary

193

12

placement of femur and tibia components is crucial and the mobile bearing 
can have a forgiving feature, provided it is placed the correct way. Moreover, just 
releasing the retinacula or resurfacing the patella does not always resolve the 
AKP problem. It can be concluded that a perfect placement of a well-designed 
TKA can minimise the chance of AKP, but it cannot be concluded that it will fully 
prevent it, as many factors are playing a role in the origin of AKP. 

In conclusion, anterior knee pain remains one of the major problems patients 
experience after a TKA. The goal for the next decade is to make significant 
further progress in understanding the complex interaction of factors causing 
AKP in order to know how to prevent and eliminate it. 
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Introductie

Het voornaamste doel van een totale knie prothese (TKP) is pijn te verlichten 
en functie te herstellen in een door artrose of letsel aangedaan kniegewricht. 
Hoewel er vele verbeteringen zijn aangebracht in chirurgische technieken en 
ontwerp van de prothese, kan door het plaatsen van een knieprothese een knie 
niet volledig worden hersteld tot de conditie zoals die was voor de artrose of 
het letsel. Toch rapporteren vele artikelen successen kunnen worden behaald 
door het plaatsen van een knieprothese zoals het verbeteren van de kwaliteit 
van leven door pijnverlichting, herstel van functie en lange-termijn overleving 
van de prothesen. Een belangrijk blijvend probleem is het aantal patiënten dat 
in variërende mate pijn ervaart na een TKP. De locatie van deze aanhoudende 
pijn is gewoonlijk de voorzijde van de knie. Deze pijn is niet alleen hinderlijk, 
maar het is ook één van de redenen voor een vroegtijdige revisie operatie. In 
dit proefschrift wordt voorste kniepijn (VKP) na een TKP onderzocht en worden 
enkele klinische implicaties besproken.
Met dit proefschrift is beoogd een bijdrage te leveren aan de voortgang van het 
proces om VKP na een TKP beter te begrijpen vanuit een aantal gezichtspunten. 
Ten eerste is het begrip pijn behandeld in een systematische review van 
pijntransmissiemechanismen en mogelijke oorzaken van VKP. Ten tweede is de 
kwestie hoe de uitkomstmaten van TKP’s gedocumenteerd worden onderzocht 
door drie Engelstalige uitkomstmaten te onderzoeken (PROM’s: patient 
reported outcome measures) welke zijn vertaald en gevalideerd voor gebruik 
in Nederland. Twee van deze uitkomstmaten zijn algemene uitkomstmaten 
voor kniefunctie en de derde is specifiek voor VKP. Ten derde worden aspecten 
van het ontwerp van TKP’s besproken. Er is voorgesteld in de literatuur dat een 
TKP met een mobiel lager enkele voordelen zou hebben ten opzichte van een 
TKP met een vast lager. Een van deze voordelen, namelijk een lagere incidentie 
van VKP, is geëvalueerd in een prospectieve, gerandomiseerde, dubbel blinde, 
klinische studie. Het vierde onderwerp van dit proefschrift is de plaatsing van 
de TKP. Aangezien het zelf-uitlijnende vermogen van een mobiel lager gunstig 
zou zijn voor het reduceren van VKP, ontstaat de vraag hoe en in welke mate 
de malpositie van de gefixeerde tibiale component wordt gecorrigeerd door 
het mobiele lager. Dit is onderzocht door een CT-meting te verrichten van 
posities van componenten bij patiënten met een TKP met een mobiel lager. 
Tot slot is het zo dat de uitkomstmaten die tegenwoordig gebruikt worden de 
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activiteit ‘fietsen’ niet meegenomen worden in de bepaling van de uitkomsten. 
Aangezien fietsen een activiteit is die relevant is, in het bijzonder voor de 
Nederlandse populatie, is het pertinent noodzakelijk om vast te stellen welk 
effect fietsen zou kunnen hebben op patiënten met een TKP en of fietsen een 
gunstige en aan te bevelen activiteit is voor TKP patiënten. Dit wordt besproken 
in het laatste hoofdstuk.

Hoofdstuk 2:  Wat kan voorste kniepijn veroorzaken na een totale 
knieprothese?

Aangezien voorste kniepijn (VKP) een regelmatig voorkomende complicatie na 
een totale  knieprothese (TKP) is, is het allereerst noodzakelijk om opheldering 
te krijgen over de vragen hoe de transmissie van pijn in zijn werk gaat, wat 
de pijn veroorzaakt en wat er fout kan gaan met het nociceptieve system na 
plaatsing van een TKP. In het bijzonder is het belangrijk om te identificeren 
welke structuren in en rond het patellofemorale gewricht gevoelig zijn voor 
pijn. Deze vraagstukken zijn aan bod gekomen in een verhalende review van 
de bestaande literatuur.
Het synovium, retinaculum, het infrapatellaire vetlichaam, periost en 
subchondrale bot van de patella zijn allemaal rijkelijk voorzien van type-IVa 
vrije zenuwuiteinden (Free Nerve Endings: FNE’s) en vezels die ‘Substance P’ 
bevatten. Aangenomen is dat onhoudbare VKP wordt veroorzaakt door de 
activering van FNE’s. De sleutel tot meer inzicht ligt dan in de wetenschap hoe 
FNE’s geactiveerd worden. Diverse publicaties ondersteunen de hypothese 
dat wanneer de mechanismen van het patellofemorale gewricht veranderd 
worden door welke oorzaak dan ook, FNE’s geactiveerd kunnen worden 
en aldus VKP na TKP kan ontstaan. Het nociceptieve systeem lijkt te worden 
geactiveerd door een of meerdere factoren. Deze factoren zijn bijvoorbeeld 
inklemming van het lichaam van Hoffa, peripatellaire synovitis, toegenomen 
botdruk, patellofemorale instabiliteit en mechanische veranderingen die het 
patellofemorale gewricht op abnormale wijze veranderen. VKP na TKP kan dus 
worden gezien als het symptoom van een mogelijk multifactorieel probleem. 
Het is bekend dat het nociceptieve systeem wordt geactiveerd door abnormale 
mechanische deformatie, thermische stimuli of speciale chemische stoffen. 
De pijn lijkt te worden veroorzaakt door zachte weefsels (bv. retinaculum, 
infrapatellaire vetlichaam en het synovium) die worden overbelast en/of door 
inklemming van deze weefsels. Dit kan gebeuren door malrotatie van de 
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componenten, overbelasting van het patellofemorale gewricht, instabiliteit van 
het patellofemorale gewricht of een combinatie van deze. Enkel gebruik maken 
van een mobiel lager, het lossen van het retinaculum en/of vervanging van de 
patella lijken niet de standaard oplossingen te zijn. Een perfecte plaatsing van 
een deugdelijk ontworpen TKP kan de kans op VKP minimaliseren, maar er kan 
niet worden geconcludeerd dat VKP op deze manier kan worden voorkomen, 
vanwege het grote aantal overige factoren die een rol spelen bij het ontstaan 
van VKP.

Hoofdstuk 3-5:  Documenteren van uitkomsten, hoe worden VKP en succes 
geëvalueerd voor (Nederlandse) TKP patiënten?

Het doel van deze drie studies is de resultaten te beschrijven van de vertaling 
en het testen van de validiteit en betrouwbaarheid van drie internationaal 
geaccepteerde en door patiënten gerapporteerde uitkomstmaten voor de 
Nederlandse populatie. Deze studies includeren patiënten met artrose en 
patiënten die reeds een knieprothese hebben of nog zullen ontvangen. 
In 1998 werd de Oxford 12-item knie vragenlijst ontwikkeld door Dawson et al 
als een door de patiënt in te vullen ‘ziekte en locatie specifieke’ vragenlijst, welke 
in het bijzonder is ontwikkeld voor patiënten met een knieprothese. Sindsdien 
is deze vragenlijst een effectieve uitkomst vragenlijst gebleken die op grote 
schaal wordt gebruikt. Ondanks de positieve psychometrische eigenschappen 
voor de TKP populatie is de Oxford 12-item knie vragenlijst slechts in een paar 
talen vertaald. Daarom is de Oxford 12-item knie vragenlijst door ons vertaald en 
gevalideerd voor de Nederlandse populatie. Nadat de vertaling was uitgevoerd 
volgens een voorwaarts-terugwaarts protocol is aan 174 knieprothesepatiënten 
gevraagd de vragenlijst in te vullen, aangevuld met een ‘Short Form-36’ (SF-36), 
een ‘American Knee Society score’ (AKSS) en een visueel analoge schaal (VAS) 
voor pijn. De betrouwbaarheid, validiteit en de sensitiviteit voor verandering 
zijn getest. De Nederlandse versie van de Oxford 12-item knie vragenlijst 
bereikt uitstekende scores op al deze eigenschappen. De ‘intraclass correlation 
coëfficient’ (ICC) van de vragenlijst is hoog met een waarde van 0,97. Crohnbach’s 
alpha laat zien dat de vragenlijst een sterke interne constentie heeft, met waarden 
van 0,87 en 0,90 voor respectievelijk pre-operatief en na 1 jaar. De Nederlandse 
Oxford 12-item knie vragenlijst blijkt een uitstekend evaluatie-instrument te zijn, 
want deze is betrouwbaar, valide, zeer sensitief voor verandering en kan worden 
gebruikt voor alle knieprothese patiënten. 
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In 2001 presenteerde het International Knee Documentation Committee (IKDC) een 
knie- specifiek en subjectief meetinstrument. Het IKDC subjectieve knieformulier 
is ontworpen om symptomen en beperkingen als gevolg van knieletsel te meten 
met betrekking tot functioneren en sportactiviteiten. Na het afronden van een 
voorwaarts-terugwaarts vertaalprotocol zijn de betrouwbaarheid en validiteit 
getest. De antwoorden van 145 kniepatiënten op twee vragenlijsten, namelijk 
de SF-36, Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC), Oxford 12-item knie vragenlijst, een VAS voor pijn en het Nederlandse 
IKDC subjectieve knieformulier zijn gebruikt. Betrouwbaarheid is getest door 
de test-hertest-betrouwbaarheid en de interne consistentie te meten. Validiteit 
is getest door de vragenlijst te correleren met de andere uitkomstmetingen. 
De inhoudsvaliditeit is getest door de vloer- en plafondeffecten te meten. De 
betrouwbaarheid is zeer goed met een ICC van 0,96 voor test-hertest. De interne 
consistentie is sterk (Cronbach’s Alpha 0,92). Het construct en de convergente 
en divergente waarden zijn goed. Ook de inhoudsvaliditeit is goed. Er zijn geen 
vloer- of plafondeffecten in de geselecteerde patiëntengroep. Onze resultaten 
laten zien dat de Nederlandse versie van het IKDC subjectieve knieformulier 
een uitstekend uitkomstmeetinstrument is voor knie-gerelateerd onderzoek 
naar alle knie-gerelateerde letsels. Echter, bij artrose van de knie blijkt de Oxford 
12-item knie vragenlijst een betere constructvaliditeit te hebben dan het IKDC 
subjectieve knieformulier. 

Alhoewel de algemene knie vragenlijsten pijn evalueren zijn ze niet specifiek 
ontworpen om VKP te meten. Zelfs met goede tot uitstekende scores kunnen 
patiënten VKP hebben. Daarom kunnen enkel op basis van deze algemene 
vragenlijsten geen conclusies getrokken worden voor wat betreft VKP na een 
TKP. De Kujala score, ook bekend als de ‘Anterior Knee Pain scale’ (AKPS), is een 
gevalideerd meetinstrument om VKP te meten. De vertaling en validatie van 
de Kujala AKPS voor Nederlandse knieprothesepatiënten met VKP maakt het 
mogelijk om deze patiënten op adequate wijze voor en na hun knieprothese te 
meten. De interne betrouwbaarheid van deze AKPS is goed met een Cronbach’s 
alpha van 0,81 bij patiënten met TKP of een hemi knieprothese. Een goede 
correlatie is gevonden tussen de AKPS en de Oxford 12-item knie vragenlijst 
(R = 0,81). Matige correlatie is gevonden voor de VAS ‘laatste maand’ (R = 0,63), 
HSS patella score (R = 0,51) en de SF-36 subscore fysiek functioneren (R = 0,59), 
fysieke rol (R = 0,59) en lichaamspijn (R = 0,57). Andere correlaties zijn slecht. Dit 
kan wijzen op een goede convergente en divergente validiteit.
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Hoofdstuk 6-7:  Heeft een TKP met een mobiel lager voordelen boven het 
gebruik van een TKP met een vast lager in relatie tot het 
oplossen van het VKP probleem?

Deze twee hoofdstukken gaan specifiek in op het effect van een protheseontwerp 
met een mobiel lager op VKP. Het posterieur gestabiliseerde mobiele lager 
(PSM) TKP wordt vergeleken met het posterieur gestabiliseerde vaste lager (PS) 
TKP. Het theoretische voordeel van het gebruik van een TKP met een mobiel 
lager is het zelf-uitlijnend vermogen en daardoor het vermogen om kleine 
plaatsingsafwijkingen te compenseren. Secondair is gekeken of het ontwerp 
een voordeel heeft op het gebied van algemene pijn, functie, kwaliteit van 
leven en overleving. Het onderzoek omvat een prospectieve, gerandomiseerde, 
dubbel blinde, klinische studie. Na een jaar is er statistisch gezien een lagere 
incidentie van VKP in de groep met een PSM TKP dan in de groep met een PS TKP. 
Hoewel over het geheel gezien (gelet op pijn in het algemeen, functie, kwaliteit 
van leven en overleving) de scores tussen de PSM en PS niet verschillen, de data 
laat wel zien dat de aanwezigheid van VKP de resultaten van de TKP significant 
beïnvloed en daardoor beschouwd kan worden als klinisch relevant. Op de 
langere termijn, namelijk ongeveer 8 jaar na de operatie, is de belangrijkste 
bevinding dat een PSM TKP geen lagere incidentie heeft voor wat betreft 
voorste kniepijn vergeleken met de PS TKP. De meeste systematische reviews 
en meta-analyses laten geen voordeel zien van het gebruiken van een mobiel 
lager. Door de recente publicatie van een meta-analyse die aantoont dat er 
minder VKP is bij gebruik van een TKP met een mobiel lager, lijkt het debat 
over de vraag of het gebruik van een mobiel lager het antwoord is voor de 
oplossing van VKP opnieuw geopend. Andere auteurs hebben gesuggereerd 
dat de prestaties van een mobiel lager zouden afnemen na verloop van tijd. 
Zelfs indien dit waargenomen verschil alleen relevant is tijdens de eerste jaren 
na de operatie blijft het voor die patiënten die minder pijn ervaren in die periode 
de moeite waard om een TKP met een mobiel lager te gebruiken. 

Hoofdstuk 8:  Kan een mobiel lager corrigeren voor malrotatie van een vaste 
positie van de tibiale component na een TKP?

De vraag is of een mobiel lager kan corrigeren voor malrotatie van de positie van 
het vaste deel van de tibiale component in een PSM TKP. Deze vraag is onderzocht 
door het verrichten van een CT-onderzoek van de TKP. Hierbij zijn de rotaties van 
de componenten gemeten ten opzichte van de benige delen in een geselecteerde 
groep patiënten. De sleutelvraag is of de corrigerende rotatie van de mobile PE 
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is gecorreleerd met de malrotatie van het vaste deel van de tibiale component, 
de zogenaamde basisplaat. Voorheen werd gerapporteerd dat gecombineerde 
interne rotatie een relatief risico kende voor VKP. Dit risico was vijf maal hoger 
bij patiënten met gecombineerde interne rotatie van de componenten dan bij 
patiënten zonder gecombineerde interne rotatie van de componenten. Er wordt 
verondersteld dat bij een femorale component die in interne rotatie is geplaatst 
de patella naar mediaal verschuift en kantelt en dat dit een negatieve invloed 
kan hebben op het patellofemorale gewricht. Dit zou een belangrijke verklaring 
kunnen zijn waarom secondaire patella vervanging niet altijd VKP na TKP oplost. 
Deze studie laat zien dat de PE-component van de TKP met een mobiel lager 
corrigeert voor malrotatie van de tibiale basisplaat. Wanneer deze intern 
geroteerd staat kan het PE-lager de rotatie in een neutrale positie terugbrengen 
door een externe rotatie. 

Chapter 9: Een revisieoperatie voor VKP na een TKP kan gevolgen hebben.
In dit hoofdstuk illustreert een casus de consequenties die post-operatieve VKP 
kunnen hebben voor een patiënt. Deze casus beschrijft de zeldzame klinische 
geschiedenis van een 81-jarige patiënt met een recidiverende hemartrose na 
een secondaire patellavervanging in verband met persisterende VKP. Verder is 
een literatuurreview verricht en worden de aspecten van hemartrose na een 
TKP beschreven. Vasculaire complicaties zijn weliswaar zeldzaam, maar worden 
gerapporteerd in 0,03%-1,6% van de patiënten die een TKP ondergaan. Vroege 
oorzaken zijn directe beschadigingen van de arteriën welke kunnen optreden 
tijdens de resectie van de proximale tibia, distale femur, maar ook door pinfixatie 
en tijdens het uitvoeren van de noodzakelijke releases of het verwijderen van de 
menisci. Arteriële aneurysma, pseudoaneurysma en arterioveneuze fistels komen 
doorgaans voor in de eerste paar maanden na de operatie, maar kunnen ook 
voorkomen in een veel later stadium. Arteriële aneurysma en pseudoaneurysma 
zijn voelbaar als een pijnlijke pulserende massa, vaak posterieur in de knie. Echter, 
thrombusvorming kan voorkomen dat de pulserende eigenschap aanwezig 
is en daardoor de diagnose bemoeilijken. Het gebruik van CT angiografie en 
echogeleide therapie wordt geadviseerd om deze complicatie te behandelen.    

Hoofdstuk 10: De invloed van fietsen op patiënten met artrose en/of een 
knieprothese
Fietsen is een populaire, internationale sport die zowel professioneel als recreatief 

28375 Breugem V2.indd   200 14-05-14   13:47



Samenvatting

201

12

wordt beoefend door mannen en vrouwen en geschikt is voor alle leeftijden. 
Regelmatige beweging is belangrijk voor alle patiënten. Het is aangetoond dat 
fietsen een belangrijke sportactiviteit is voor artrose- en knieprothesepatiënten. 
Het doel van deze studie is het bepalen van de voorspellers van fietsgebruik in 
drie patiëntengroepen. In totaal werden 298 patiënten geïncludeerd. Hiervan 
hadden 93 patiënten artrose van de knie, 118 patiënten hadden een TKP en 
87 patiënten hadden meniscus- en/of bandletsel. De gemiddelde leeftijd was 
60,4 jaar voor de arthrose groep, 71,9 jaar voor TKP groep en 42,3 jaar voor 
de meniscus- en/of bandletselgroep. De patiënten werden geëvalueerd in 
de polikliniek. Hen is gevraagd om de SF-36-, de Oxford 12-item knie-, IKDC-
vragenlijsten en een specifieke fietsvragenlijst in te vullen. Uit dit onderzoek 
blijkt dat naarmate de patiënt ouder wordt, de kans dat hij/zij in staat is om te 
fietsen afneemt met 5% per jaar. De kans dat een mannelijke patiënt in staat is 
om te fietsen, is 1.98 keer hoger dan dat een vrouwelijke patiënt in staat is om 
te fietsen. De kans op het ervaren van pijn tijdens het fietsen neemt toe met 8% 
per eenheid stijging van de BMI. Leeftijd en geslacht zijn de voorspellers van het 
vermogen van patiënten om te kunnen fietsen en niet de klinische diagnose. 
De enige risicofactor voor het ervaren van pijn tijdens fietsen die is gevonden, 
is een toegenomen BMI. 

Discussie

In de toekomst zou de ontwikkeling van een biologische knieprothese kunnen 
betekenen dat de TKP beter in staat zal zijn om een knie te herstellen en pijnvrij 
te maken met een goede functie. Echter, op dit moment zullen patiënten 
moeten aanvaarden dat enige kniepijn een aanhoudend probleem kan zijn 
na het krijgen van een knieprothese. Artsen zullen een beter begrip moeten 
ontwikkelen waarom dit zo is en hoe de incidentie en ernst kan worden 
verminderd. 
 
Patiënten beoordelen het succes van hun TKP op basis van de mate waarin hun 
pijn verminderd is en de mate van het herstel van functie. Echter, het meten van 
tevredenheid en uitkomsten is gecompliceerd door de vele factoren die een rol 
spelen. Patiëntontevredenheid zou een gevolg kunnen zijn van onrealistische ver-
wachtingen en niet noodzakelijk van een slecht resultaat. Een essentieel onderdeel 
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van de behandeling van TKP-patiënten is daarom hen te helpen realistische ver-
wachtingen te hebben over de te verwachten resultaten en gevolgen. Dit kan het 
best worden gedaan door heldere communicatie en educatie voorafgaand aan de 
operatie en het gebruik van patiënt gerapporteerde uitkomstmaten. 

Het is belangrijk dat clinici begrijpen dat wanneer de mechanismen van het 
patellofemorale gewricht veranderd worden door welke oorzaak dan ook, FNE’s 
geactiveerd kunnen worden en aldus VKP na TKP kan ontstaan. Deze VKP is vaak 
het evidente symptoom en kan worden beschouwd als het ‘tipje van de ijsberg’. 
Patiënten kunnen klagen over VKP na een TKP en zullen niet zelf aangeven dat het 
om malrotatie of instabiliteit gaat. Indien VKP aanwezig is adviseren wij chirurgen 
de achterliggende - vaak multifactoriele - oorzaak van de pijn te achterhalen.

Dit proefschrift presenteert een aantal manieren om de gradering en ernst 
van VKP na een TKP te meten. Een manier is met behulp van de Kujala-score, 
een uitkomstmaat die meet of er VKP voor of na een TKP aanwezig is en in 
welke mate. Verder kan deze score gebruikt worden om te beoordelen of een 
behandeling effectief is. Indien VKP aanwezig is na een TKP kunnen CT-scans 
bepalen of een malrotatie van de TKP componenten de oorzaak hiervan is.
 
Dit proefschrift geeft een aantal antwoorden op de vraag hoe VKP na een TKP 
te minimaliseren is. Het blijkt dat enkel de keuze voor een mobiel lager niet 
noodzakelijkerwijs de oplossing is voor het voorkomen van VKP na een TKP. 
Het is wel goed mogelijk dat een mobiel lager een positieve invloed heeft op 
VKP na en TKP, zeker in de eerste postoperatieve jaren. Het correct plaatsen 
van de femur- en tibiacomponent is cruciaal. Een mobiel lager kan hierbij 
vergevingsgezind zijn. Belangrijk is dan wel dat het mobiele lager TKP goed 
geplaatst wordt. Verder is bekend dat alleen het lossen van het retinaculum of 
vervanging van de patella niet de algemene oplossingen voor VKP zijn. Er kan 
worden geconcludeerd dat bij een perfecte plaatsing van een goed ontwikkelde 
TKP de kans op VKP minimaal is. Echter, de conclusie is niet dat het VKP volledig 
zal kunnen voorkomen.

Concluderend kan worden gezegd dat  VKP een van de belangrijkste problemen 
is van patiënten met een TKP. Het doel voor de volgende decade is verdere 
progressie te maken in het begrip van de complexe interacties van de factoren 
die VKP veroorzaken en zo dit probleem te voorkomen en op te lossen.
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Een bijzonder moment is aangebroken, want na een langdurig traject is dit 
proefschrift afgerond. Deze prestatie kon alleen gerealiseerd worden dankzij 
de samenwerking met en inzet en bijdrage van alle medeauteurs, waarvoor 
mijn grote dank! Mijn dank gaat ook in het bijzonder uit naar alle patiënten die 
hebben meegewerkt aan de verschillende studies.

Prof. dr. C.N. van Dijk
Beste professor, ik wil u graag hartelijk bedanken, niet alleen voor uw rol als mijn 
promotor, maar ook als mijn opleider tot orthopeed. Uw passie en enthousiasme 
voor orthopedie is voor mij een bron van inspiratie. Met plezier heb ik een aantal 
maal mogen meehelpen bij de Amsterdam foot and ankle course, maar ook de 
assistenten knie prothese- en kadaver cursus in Barcelona. Hartelijk dank voor 
alle geboden kansen.

Dr. Ir. L. Blankevoort
Beste Leendert, dank dat je mijn co-promotor bent. Je hebt een zeer groot aandeel 
in de totstandkoming van dit proefschrift gehad. Je kritische opmerkingen en 
aanwijzingen waren zeer leerzaam en nuttig. Ik waardeer je werk en inzet zeer.

Dr. D. Haverkamp
Beste Daniël, heel erg bedankt voor je grote bijdrage aan dit proefschrift. Zonder 
jouw hulp en bemoediging was mijn promotie er waarschijnlijk niet van gekomen. 
Jij bent een staatmaker* en ik vind het een eer dat je mijn co-promotor bent.  
(*Afrikaans: iemand op wie je kunt bouwen)

Prof. dr. A. van Kampen, Prof. dr. F. Nollet, Prof. dr. R.J. Oostra 
U allen wil ik hartelijk bedanken voor uw bereidheid om dit proefschrift te 
beoordelen en plaats te nemen in dit promotiecommissie. 

Prof. dr. G.M.M.J. Kerkhoffs 
Beste Gino, jij was de eerste van de collega’s in het AMC die mij hartelijk welkom 
heette als nieuwe arts assistent. Ik wil je danken dat je in mijn commissie wilt 
plaatsnemen en je nogmaals feliciteren met je hoogleraarschap. Sterkte en 
vooral veel plezier gewenst bij die nieuwe uitdaging. 
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Prof. dr. M. Maas  
Beste Mario, dankjewel dat je in mijn commissie wilde plaatsnemen. Ik kijk terug 
op een prettige en open samenwerking met jou in het AMC en regelmatig mis 
ik jouw deskundigheid en advies. 

Dr. M.J.M. Driessen
Beste Marcel, het was een voorrecht om door jou opgeleid te worden tijdens 
mijn fellowship en nu intensief met je samen te werken. Ik vind het een eer 
dat je in mijn commissie wilde plaatsnemen en ik kijk uit naar alle toekomstige 
projecten samen.

Inger Sierevelt
Beste Inger, zonder jouw inzet en moeite was dit proefschrift er nooit gekomen. 
Ik weet zeker dat jouw proefschrift snel volgt! Je bent een ster.

Rebecca Gwynn-Jones
Thank you very much for correcting my English. I often disturbed your weekend 
with another last minute request. Thank you for your flexibility and help.  

Marga, Rosalie en alle dames en heren van de poli orthopedie AMC
Dank voor jullie hulp en ondersteuning (papierwerk, statussen zoeken, patiënten 
in plannen, etc.) Het was ook zonder jullie niet gelukt.

Lijkele Beimers en Maarten Rademakers
Samen met jullie ben ik ooit begonnen met onderzoek doen. Ik herinner me 
onze tijd in de kweekvijver nog als de dag van gisteren. Dank voor alle mooie 
momenten, niet alleen in onze onderzoekstijd, maar ook daarna tijdens de 
opleiding. Vooral in Hilversum hebben we een heel bijzonder jaar gehad. Het is 
top om jullie als collega’s te hebben.

Overige opleiders, collega’s en onderzoekers
Door alle jaren heen zijn er zoveel bijzondere mensen met wie ik te maken heb 
gehad, hartelijk dank voor de prettige samenwerking.
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Jon Bruijn, Eric Breemans, Janco Barentsz, Thomas Patt, Arthur Lim, Tjarco 
Alta en alle andere medewerkers van Orthopedium
Beste collega’s, hartelijk dank voor de prettige samenwerking bij Orthopedium. 
Jullie zijn allemaal top. Twee jaar lang hoorden jullie mij zeggen ‘het is bijna 
klaar, nog één artikel’. En jullie vroegen vaak: ‘Wanneer gaan we nou feesten?’ 
Eindelijk is het dan zover.

Paranimfen
Corstiaan Breugem, dankjewel voor je steun door de jaren heen. Je grote 
betrokkenheid en interesse waardeer ik zeer en reikt veel verder dan alleen dit 
promotie traject. Dank dat je als paranimf naast me wil staan.

Cornelis van der Hooft, in 1995 stond je me op te wachten bij de trein. We 
gingen een pak huren voor het huwelijk van jouw zus en mijn broer. Sindsdien 
hebben we elkaar goed leren kennen en veel beleefd. Vandaag trekken we weer 
een pak aan en sta je naast me als paranimf. Dank voor je vriendschap.

Beste vrienden, broers, zussen, schoonzussen, zwagers, neven en nichten, 
buren, kennissen…te veel namen om op te noemen. Ieder van jullie heeft een 
bijzondere plek in mijn leven. Fijn dat jullie dit feest vandaag mee vieren. 

Louise Olivier-Breugem
Lieve zus, dank voor het maken van het prachtige schilderij ‘Kaapse seun’ dat de 
voorkant van het proefschrift siert. Je hebt een groot talent en ik ben trots op 
je. Wanneer gaan we weer fietsen op Texel?

Lieve schoonouders, ook jullie zijn mij heel dierbaar en ik wil jullie danken voor 
alle steun en liefde door de jaren heen.

Lieve papa en mama, dankjewel voor alles, jullie zijn schatten. Dat jullie er 
vandaag allebei bij kunnen zijn is heel bijzonder en een aantal jaren terug had 
ik dat niet gedacht. Dank voor jullie voorbeeld om niet alleen in woorden, maar 
ook in daden te leven: ‘als je A zegt, zeg je ook B’. Leven vanuit geloof, hoop en 
liefde, dat heb ik van jullie geleerd.
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Lieve Caroline, ‘last but not least’ wil ik jou bedanken, mijn grote steun en 
toeverlaat, er is mij niets zo dierbaar als het leven met jou. Wat hebben we al 
veel beleefd en gedeeld.  Je bent een geweldige vrouw met veel talenten en 
gaven en dit proefschrift zou er nooit zijn gekomen zonder jouw steun en hulp. 
Ik kijk er naar uit om nieuwe avonturen met jou en onze kleine schat Noa te 
beleven. Wat maken jullie mij blij! 
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