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1
General IntroductIon

Osteoarthritis (OA) is the most common joint disorder in the world. In Western 

populations it is one of the most frequent causes of pain, loss of function, 

disability and deterioration of social participation in adults.1 While OA can 

occur in almost any joint, knee OA is one of the most prevalent types of 

osteoarthritis and results in a substantial loss of quality-adjusted life years.2-4 

Risk factors for developing knee OA include increasing age, obesity, female 

gender, genetic predisposition and previous knee injury.1,5 

 Total knee arthroplasty (TKA) is thought to be the gold standard for the 

surgical treatment of end-stage OA, with a survival rate of 94% after ten years 

and good functional results.6-9 Most patients undergoing TKA are elderly. 

In 2013 the mean age of patients undergoing TKA in the Netherlands was 

68.1 (±9.4) years, and 80% was older than 60 years.10 The number of younger 

patients undergoing TKA is growing though, and expectations for the future 

match this reality.11,12 The increased numbers of younger patients may have 

an large impact on healthcare and societal costs due to direct (medical) and 

indirect (e.g. inability to work) costs. TKA is a highly cost-effective treatment, 

but less so for the younger population.

 The total incidence of TKA is also on the rise, having increased in 

Western Europe as well as the U.S., Canada, Australia and Korea; further 

increases are expected.13-15 The incidence of TKA in the U.S. is expected to 

grow by 673% between 2005 and 2030.16 In the Netherlands, the incidence 

increased 17% in only three years (from 20,539 procedures in 2010 to 24,091 

in 2013) and is expected to grow by 52% between 2005 and 2030.10,11 This 

rise is attributed to different reasons. Growth of the elderly population and 

the obesity epidemic are important factors. The disproportional increase in 

younger patients undergoing TKA may have another explanation: a more 

active population and the ensuing increase in sports-related injuries may 

partly explain why increasing numbers of patients under age 65 are receiving 

a knee prosthesis.17 A shift in the indications for TKA to include younger 
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patients may also be explained by the fact that newer prosthetic designs are 

thought to last longer and withstand higher levels of activity than previous 

prostheses could.17 

 Despite good results after primary TKA, a significant proportion of 

patients need to have their knee prosthesis replaced; these revision TKAs 

(rTKAs) are on the increase and are expected to grow further.14,16 The number 

of rTKAs performed in the U.S. is expected to increase by 601% between 2005 

and 2030.16 In the Netherlands, the incidence of rTKA increased by 37% in the 

last three years (from 1,617 procedures in 2010 to 2,215 in 2013).10 Reasons 

for this include the increase in primary TKAs performed and a higher life 

expectancy of patients. 

 Main reasons for rTKA as well as re-revision TKA are infection, 

instability and aseptic loosening of the knee prosthesis.18,20 Lombardi et al.19 

stated that early mechanisms of failure are primarily due to technical errors. 

Correct ligamentous balancing and achieving optimal prosthetic alignment 

during primary and revision TKA are therefore essential for obtaining optimal 

prosthetic survival. By optimizing the surgical technique, the outcome after 

TKA may be improved and failure of a knee prosthesis may be prevented.

aIms of thIs thesIs

This thesis focuses on new techniques in rTKA and is divided into three 

parts. The first part focuses on options in knee revision surgery. During rTKA, 

several choices exist when it comes to type of prosthesis, options for filling 

up bone defects and whether or not to use intramedullary stems. The second 

part focuses on alignment measurements in TKA. Achieving optimal knee 

prosthesis alignment during TKA is essential for good functional outcome 

and prosthetic survival. Valid and reliable measurements of prosthetic 

alignment are therefore of major importance. Correct alignment has to be 

achieved perioperatively when the knee prosthesis is implanted. The last part 

of the thesis focuses on computer-assisted surgery (CAS) in TKA. This new 
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technique is developed to help determine the correct prosthesis position 

during TKA and may therefore improve knee prosthesis alignment.

Part 1: oPtIons In knee revIsIon surGery

The goal of both primary and revision TKA is to restore function and stability 

of the knee joint and to relieve pain. However, rTKA is a more complex 

surgical procedure than primary TKA and results in worse clinical outcome 

and shorter survival of the prosthesis.9,21,26 A major difference between 

primary and revision TKA lies in the amount of ligamental damage and bone 

loss, which may lead to instability of the knee joint or fixation problems of 

the prosthesis.27,28 Restabilizing the knee joint may therefore be challenging 

during rTKA. To compensate for ligamental damage, an implant with more 

constraint is recommended. During primary TKA, a posterior cruciate-

retaining (PCR) or posterior stabilized (PS) prosthesis is generally implanted.29 

During rTKA, however, a PS prosthesis, a condylar-constrained knee (CCK) 

prosthesis or even a rotating-hinge knee (RHK) prosthesis is necessary 

to obtain a stable knee joint, depending on the severity of ligamental 

damage.30,31 Using more constraint also has a downside: the more constraint 

is used, the more stress arises at the bone-cement interface, which may lead 

to earlier aseptic loosening of the prosthesis. Hence the minimum degree of 

constraint necessary is recommended.32,33 To further reduce the load on the 

bone-cement interface, intramedullary stems are used in prostheses with 

more constraint to provide for load sharing.34,35

 The classification of the Anderson Orthopaedic Research Institute 

(AORI)36 is commonly used to classify bone defects in TKA. When it is not 

possible to achieve a stable basis for a knee prosthesis due to bone defects, 

augments have to be used. Options for counteracting bone loss include 

autograft or allograft bone, bone cement, metal augments and trabecular 

metal cones.37,40 When larger defects are present, especially when the defect 

involves the cortical bone, augments alone cannot provide for enough initial 



16

1
support of the knee prosthesis. In such cases, intramedullary stems are used 

to provide for load sharing.40-42 Trabecular Metal (TM) cones are a new option 

for filling up major bone defects. When a tibial TM cone is implanted, the 

tibial prosthesis component is generally implanted with a stem extension, to 

provide for load sharing. A stem extension under the tibial tray may not be 

mandatory though, as a TM cone might give enough support to the tibial tray 

and additional load sharing may not be necessary.  

 Objective of this part of the thesis is to gain insight into different 

options during rTKA. In Chapter 2 survival rates are compared between 

primary and specially designed revision prostheses when implanted during 

rTKA. Chapter 3 assesses the mechanical stability of a tibial component 

implanted with and without a stem when a TM cone is used to fill up major 

bone defects. 

Part 2: alIGnment measurements In tka

Achieving optimal prosthetic alignment during TKA is fundamental, since 

malposition leads to earlier aseptic loosening and revision surgery.43¬45 

Revision TKA has to be prevented, since it is associated with worse functional 

outcome, pain and shorter survival of the prosthesis.46-48 

 Alignment of the prosthesis can be assessed in three planes: the 

coronal, sagittal and axial planes. Malalignment of a knee prosthesis in 

the coronal and sagittal planes is linked to compromised implant survival 

and functional outcome, increased wear and osteolysis.44,49-53 Rotational 

malalignment has a negative effect on patellar tracking, postoperative pain, 

stability and overall biomechanics of the knee joint.53-55 

 To measure alignment in the coronal and sagittal planes, 

conventional weight bearing long-leg radiographs are generally used. This 

2D measurement technique has some pitfalls. Measured angles may not be 

correct due to divergence in the horizontal and vertical planes. Moreover, 

validity of the measurements is easily influenced by the position of the 
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patient’s lower limb during acquisition. Varus or valgus angle, rotation and 

flexion of the lower limb influence 2D alignment measurements.56-59 To tackle 

this issue, 3D measurements using CT-scan or EOS have been developed. 

Disadvantages of a CT-scan are high levels of radiation, costs and the fact 

that measurements are non-weight bearing. The EOS system (EOS Imaging, 

Paris, France)60 is a new low-dose X-ray device that orthogonally creates 2D 

long-leg radiographs. It is possible to generate 3D reconstructions based on 

these 2D images. However, the EOS software for creating 3D reconstructions 

was initially not developed for assessing alignment of lower limbs containing 

a knee prosthesis.

 Objective of the second part of this thesis is to investigate application 

of the EOS system to perform knee prosthesis alignment measurements. 

The reliability and validity of the EOS system when performing such 

measurements are investigated in Chapter 4 and Chapter 5, respectively. 

EOS and CAS knee prosthesis alignment measurements are compared in 

Chapter 6.

Part 3: comPuter-assIsted surGery In tka

CAS has been developed to improve knee prosthesis alignment. In primary 

TKA, the use of CAS has shown to improve coronal and sagittal alignment 

of the knee prosthesis with fewer outliers compared to conventional 

techniques.54,61-65 Whether CAS also improves rotational alignment is still 

a matter of debate.66 Also, the influence of CAS during rTKA (CAS-rTKA) 

remains controversial. Only few studies have investigated the influence of 

CAS-rTKA on postoperative prosthetic alignment, and there are indications 

that CAS improves coronal and sagittal alignment.67-71 The effect on rotational 

alignment has not been investigated yet. 

 Objective of the last part of this thesis is to gain insight into the 

influence of CAS during TKA on postoperative alignment. The influence 

of CAS-TKA on postoperative rotational alignment is assessed in Chapter 
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8. In Chapter 7 and Chapter 9 the influence of CAS-rTKA on postoperative 

alignment in the coronal, sagittal and rotational planes is investigated.

 This thesis ends with a general discussion (Chapter 10) of the studies 

presented, including its strengths and limitations, practical implications and 

recommendations for further research.
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