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CHAPTER 1
General introduction and aims



To date, total hip arthroplasty (THA) is a widespread performed procedure for the treatment of 
invalidating hip joint disease, with more than 1 million THAs performed worldwide. According 
to the Dutch Arthroplasty Register (LROI), covering 99% of all THAs, 29,520 procedures were 
performed in 2016 in the Netherlands. The patients’ mean age was 68.8 years (SD 10.5), two-thirds 
were females and in 86% the indication for THA was osteoarthritis [1]. THA has a predictable good 
outcome and it has even been called the operation of the century [2]. The number of THAs is still 
rising, not only because the elderly population has grown. Considered in its early days only as a 
salvage procedure, in the last decades indications for THA have been broadened. Due to on-going 
innovations and improved designs, also younger patients are more frequently treated with a THA. 
In conclusion, demands on durability of hip prostheses increase along with increasing general life 
expectancy and higher demands of younger patients regarding physical activity [3-5].

In this general introduction, the history of THA will be presented with special focus on the 
evolution of component fixation and bearing characteristics. This chapter ends with the general 
aims and outline of the thesis. 

History of THA
The first surgical hip implant procedures for disabling osteoarthritis were performed in the late 
19th century by inserting interpositional grafts into the joint. Different kinds of tissue were used, 
including fascia lata, skin and even pig’s bladder, to cover the destroyed joint surfaces. Due to its 
only temporary effect, more lasting solutions were sought. In the 1920s, orthopaedic surgeon 
M.N. Smith-Petersen, from Massachusetts General Hospital, Boston, USA, known for his anterior 
approach of the hip, started to implant glass moulds. The philosophy behind the use of these 
moulds was to stimulate cartilage regeneration on both the acetabular as well as the femoral joint 
side. Therefore, after 15-25 months, the moulds were planned to be removed. Although this led 
to promising early clinical results, most of the glass moulds however broke within a few months 
under weight-bearing. As an alternative, viscaloid, a form of celluloid, was used as a mould for a 
short while, however this was complicated by foreign body reactions. Theoretically assumed to 
be more resistant to failure than ordinary glass, Pyrex glass consequently was used. In practice, 
however these moulds also failed under weight-bearing. Still on the search for a more longer 
lasting implant, in 1937 his dentist advised Smith-Petersen to use vitallium, a metallic alloy from 
cobalt, chromium and molybdenum (fig 1) [6,7]. This vitallium mould has to be considered being 
the first metallic hip arthroplasty in history. Until recently, ultra-long-term follow-up cases are 
published with a surprisingly well-functioning vitallium mould hip arthroplasty [8].  

Figure 1. Vitallium mould hip arthroplasty [7][8]

In 1938 Wiles developed the first metal-on-metal (MoM) hip replacement. It was made of stainless 
steel, nowadays known to be a poor articulating surface (Figure 2). It gave accelerated wear and 
led to early failures [9]. 

Figure 2. First MoM THA [9]

The French Judet brothers did not like the use of metal, and introduced in 1946 their so-
called ‘prosthetic replacement of the femoral head’, using polymethyl-methacrylate (PMMA) 
(Figure 3).  The femoral head was considered to be the pain generator in osteoarthritis of the 
hip and therefore the part that should be replaced [10]. Devas reviewed his own series of 63 
Smith-Petersen vitallium cups and 47 Judet PMMA prostheses. Results of both implants were 
discouraging, however the Judets did perform evidently worse, mainly because of implant 
breakage [11]. 

Figure 3. Judet PMMA femoral head replacement [12, 10]
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In the early 1960s McKee Farrar and Ring introduced MoM implants made of cobalt-chromium 
alloys (fig 4). Unfortunately, due to an often imprecise fit of wear couples these implants failed by 
high-frictional forces, wear and loosening. Surprisingly, the ones fitting properly showed a rather 
good survival: about 80% survival at 20 years follow-up [13]. 

Figure 4. McKee Farrar and Ring MoM THA (www.nmsi.ac.uk)

In 1962, a new standard was set for modern total hip arthroplasty. Sir John Charnley invented the 
so-called low-friction arthroplasty, consisting of a metal femoral head and a polyethylene (PE) 
acetabular cup (fig 5) [14]. Three major innovations were introduced with this design: the idea of 
low frictional torque arthroplasty, implant fixation using acrylic bone cement and the application 
of high-density polyethylene as a bearing material.

Figure 5. Low friction arthroplasty (www.luigigentilemd.com)

Component fixation in total hip arthroplasty
Due to the lack of rotation stability and loosening of earlier uncemented prosthetic hip designs, 
Charnley introduced the use of acrylic cement for the fixation of acetabular and femoral 
components to bone [15]. From that time, cemented fixation was considered the gold standard 
in THA. In the 1970s and 1980s concerns were expressed upon the durability of cemented 
fixation for the long term. Reports on ‘cement disease’ [16,17] hypothesized cement to cause 
loosening, osteolysis and adverse tissue reactions in cemented THA. Although this ‘cement 
disease’ later turned out to actually be ‘particle disease’ [18], due to foreign body reactions to 
polyethylene particles, uncemented THA gained popularity in the 1980s, especially in the USA. 
In the meanwhile, cementing techniques improved by the use of vacuum mixing, cement guns, 

bone bed drying and pressurization. Today, also in young patients, cemented THA has proven its 
success, with excellent long-term survival [19]. 

As mentioned above, in the 1980s, uncemented THA increased in popularity due to alleged 
cement-related problems. However, the first series of uncemented THAs by far did not meet 
the performance of the ‘problematic’ cemented femoral fixation, showing also development 
of periprosthetic osteolysis and loosening [18]. Porous-coatings and rough sand-blasted 
components were developed. Next to a press-fit primary fixation to bone, osseointegration 
turned out to be a key issue in gaining success with uncemented fixation of THAs. Therefore, 
osteoconductive hydroxyapatite-coatings were developed, aiming at improved long-term 
fixation [20,21]. More recent data, however, showed no superiority in long-term survival 
regarding HA-coatings [22,23]. 

Whether to use cemented or uncemented components in THA still remains a subject of debate 
[24-26]. Although data from hip registries provide much information on implant survival, data 
on clinical performance and factors influencing the longevity of hip implants are lacking most 
of the time. Clinical research of hip prostheses is more suitable to identify what factors influence 
implant survival, whether patients are satisfied and how they perform on the long term.

Bearing characteristics
Bearing couples in THA consist of a femoral head articulating in an acetabular component. Both 
metal alloys and ceramics are materials used in femoral heads. Acetabular components can be 
manufactured from a single material (metal alloy or PE), or consist of a liner (PE or ceramic) fitted 
in a metal socket. Bearing couples used in THA are metal-on-PE (MoP), metal-on-metal (MoM), 
ceramic-on-ceramic (CoC) or ceramic-on-PE (CoP). The MoP and MoM will be further introduced 
in the following paragraphs. Hip implants containing ceramics have not been part of the clinical 
studies described in this thesis and will therefore not be included in this overview. 

Wear
Wear is defined as the removal of material, with the production of wear particles, due to relative 
motion between two opposed surfaces under load [27]. In THA literature, another term often 
used for wear is femoral head penetration. PE wear can be described as linear or volumetric wear, 
depending on the measurement method used and, as a consequence, the rate of PE wear usually 
is expressed as mm/year or mm3/year. In the first 1 or 2 years after implantation, PE has to settle 
and it deforms under load, a phenomenon called creep or bedding-in, which is not the same as 
true wear. After the bedding-in phase, a so-called steady-state wear can be observed, resulting in 
the production of wear particles [28].  
 
McKellop et al. described 4 modes of wear [29]. Mode 1 is the wear as a consequence of contact 
between the two bearing surfaces under load, the most common type of wear. Mode 2 is caused 
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by a bearing surface contacting a non-bearing surface, for example if a femoral head contacts 
the acetabular metal socket through completely worn PE. Mode 3 occurs if a normal articulating 
bearing couple contacts with a third body, for example bone fragments or cement. This is also 
called ‘third-body wear’. In mode 4, two non-bearing surfaces are moving against each other 
under load. Examples are ‘backside’ wear as a result of micromotion of a PE liner in an acetabular 
shell or micromotion between implant and cement or femoral neck-socket impingement.  

Polyethylene
PE has a long historical record in orthopaedic joint arthroplasty. In the 1960s Sir John Charnley 
developed the first PE acetabular component from Ultra-High Molecular Weight Polyethylene 
(UHMWPE). It was sterilized by gamma irradiation in air. In the late 1990s, due to periprosthetic 
osteolysis and aseptic loosening caused by PE wear debris of UHMWPE, crosslinking by 
irradiation of PE was developed to increase wear resistance. To prevent secondary oxidation, the 
crosslinking process was combined with processes of remelting and annealing. Remelting did 
remove the free radicals, preventing oxidation, however it also compromised the crosslinking 
structure leading to less favourable material properties. Annealing on the other hand did 
preserve the crosslinks, but to a lesser amount free radicals remained, still leaving some degree 
of oxidation potential. Second generation crosslinked PEs therefore were developed since 2005, 
using methods of sequentially annealing or adding vitamin E to bind free radicals [30-32]. 

All these promising new developments in the manufacturing process of polyethylene as a bearing 
material in THA do raise questions on how all those patients walking around with THAs with ‘old-
fashioned’ conventional, non-crosslinked, polyethylene bearings do perform on the longer term. 
This is interesting, not only regarding wear and implant survival, but also in relation to clinical 
and functional performance. Treating a patient with a THA not only should relieve patients’ pain 
and improve their function but it also aims to provide a durable solution. 

The perfect bearing couple in THA is characterized by low wear properties and excellent stability. 
Charnley propagated the use of small head diameters (22 mm), adhering to the principle of low 
friction. He pointed out that an increased difference between femoral head and cup diameter 
would lead to lower friction and hence less micromotion of the acetabular component preventing 
cup loosening [14]. However, smaller sized femoral heads are disadvantageous for joint stability. 
Larger heads are more stable, having an increased jumping distance, which is defined as the 
lateral translation of the femoral head centre before dislocation occurs (Figure 6) [33]. 

Also, the increased head/neck ratio in larger femoral heads plays a role by preventing 
impingement. So, the tendency in the last decade is the use of larger femoral heads [35]. Femoral 
head size, however, also has an influence on wear behaviour. Larger femoral heads have increased 
sliding distances and an increased sliding speed, both stressing the acetabular articulating 
surface, which is especially disadvantageous in combination with conventional PE, leading to 

increased PE wear particle formation. Another inherent consequence of the use of larger heads is 
a decrease in PE thickness, influencing its strength and increasing the risk of component failure. 
Newer highly crosslinked PEs however, are more resistant to wear and probably do perform 
better in combination with larger femoral heads [36]. 

Considered as a logical alternative for these so-called ‘hard-on-soft’ bearings, ‘hard-on-hard’ 
bearings like MoM and CoC were developed to be used with larger femoral heads. 

Metal-on-metal
Due to the issue of PE wear and its sequelae, MoM articulations have been reintroduced in the 
late 1980s. Failures of earlier MoM THAs were not attributed to the MoM bearing couple itself, but 
to imprecise tolerances between femoral head and acetabular bearing surface, leading to aseptic 
loosening and accelerated wear [37,38]. In newer, second generation MoM THA, designs were 
improved reaching more precise tolerances [39]. Promising midterm results of smaller head (28-
32 mm) MoM THAs led to the development of larger head (>36 mm) MoM THA [40,41], aiming 
to decrease dislocation rate without the issue of increased component wear. Being an apparent 
attractive alternative for young active patients, (large head) MoM THA became more and more 
popular. However, in the last decade, increased revision rates have been reported due to early 
aseptic loosening, adverse reactions to metal debris (ARMD) and increased metal ion levels 
[42,43]. Especially larger head MoM THAs seem to be associated with these MoM-related issues. 
The question arises whether small head MoM THAs do perform better. 

In summary, THA is a widely performed surgical procedure for invalidating hip joint disease. 
Designs have been dramatically improved over the last decades, overall resulting in longer 
implant survival. However, still controversies exist, especially regarding component fixation, 
the perfect bearing couple in relation to material, sizing, wear and adverse tissue reactions. 
Additionally, functional performance of patients after THA, especially in the younger and more 
active patients of today’s orthopaedic practice, has become more and more important but 
information about this aspect is yet largely lacking.
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Figure 6. Larger heads - increased jumping distance [34]



AIMS OF THE THESIS

This thesis aims to assess the sequelae of both MoM and MoP bearing couples in total hip 
arthroplasty and how they influence patient’s functional performance. 

The following objectives have been formulated:

1.  To determine the influence of acetabular component fixation (cemented vs. uncemented) 
on polyethylene wear.

2. To assess the polyethylene wear rate, its influencing factors, functional performance and 
implant survival of an uncemented THA on the long term. 

3.  To compare large head MoM THA with small head (28 mm) MoP THA regarding tissue 
reaction, metal ions and functional performance (short-term and medium-term follow-up)

4.  To compare small head (28 mm) MoM THA with MoP THA in a long-term follow-up regarding 
tissue reactions, metal ions and functional performance. 

OUTLINE OF THE THESIS 

Part I - Acetabular component fixation 
Chapter 2 is a systematic review on cemented and uncemented acetabular fixation in THA and its 
influence on PE wear, addressing the first objective. 
Chapter 3 comprises a 10-12-year follow-up cohort study of an uncemented THA, assessing PE 
wear, its influencing factors, functional performance and implant survival. This chapter addresses 
the second objective.

Part II - Bearing characteristics 
The third objective is addressed in chapters 4 and 5. These chapters describe the short- and 
medium-term follow-up of an RCT on uncemented large head MoM THA vs. small head (28 mm) 
MoP THA. After 1 year bone mineral density and ion levels were assessed and after 4-5 years ion 
levels, functional outcome and pseudotumour incidence were studied. 
In chapter 6, the fourth objective is investigated.  This chapter describes the long-term (12-14 
year) follow-up RCT regarding ion levels, functional outcome and pseudotumour incidence in 
small head (28 mm) cemented MoM vs. small head MoP THA. 

Chapter 7 provides a general discussion regarding the studies described in this thesis and 
addresses practical implications and recommendations for future research. 
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