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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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ABSTRACT

Joint arthroplasty registries show an increased rate of aseptic loosening in uncemented 
acetabular components as compared to cemented acetabular components. Since loosening is 
associated with particulate wear debris, we postulated that uncemented acetabular components 
demonstrate a higher polyethylene wear rate than cemented acetabular components in total hip 
arthroplasty.

We performed a systematic review of the peer-reviewed literature comparing the wear rate 
in uncemented and cemented acetabular components in total hip arthroplasty. Studies were 
identified using MEDLINE (PubMed), EMBASE and the Cochrane Central Register of Controlled 
Trials. Study quality was assessed using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach. 

The search resulted in 425 papers. After excluding duplicates and selection based on title and 
abstracts, nine studies were found eligible for further analysis: two randomized controlled trials, 
and seven observational studies. One randomized controlled trial found a higher polyethylene 
wear rate in uncemented acetabular components, while the other found no differences. Three out 
of seven observational studies showed a higher polyethylene wear in uncemented acetabular 
component fixation; the other four studies did not show any differences in wear rates. 

The available evidence suggests that a higher annual wear rate may be encountered in 
uncemented acetabular components as compared to cemented components.

INTRODUCTION

Long-term survival in total hip arthroplasty (THA) is mainly determined by aseptic mechanical 
loosening. In Europe, aseptic loosening is the most common reason for revision in THA, 
followed by infection and recurrent dislocation [1]. The main factor in the process of this aseptic 
loosening is a chronic, granulomatous, inflammatory and potential osteolytic response that is 
induced by implant-derived wear particles [2]. In metal-to-polyethylene bearing couples, these 
wear particles mainly consist of polyethylene debris derived from the acetabular component. 
Submicron-sized particles especially lead to macrophage activation and a subsequent release of 
osteolytic mediators [3]. Polyethylene wear rate and the amount of particles released in a certain 
time period are directly related to osteolysis. Based on a review of the literature, it was suggested 
that radiographic wear rates of less than 0.1 mm/year were less likely to lead to periprosthetic 
osteolysis [4].

Several factors may contribute to polyethylene wear, including patient’s sex and activity level, 
femoral head diameter, and also component positioning and the quality of the polyethylene [5-7].

Recent data from the Swedish Hip Arthroplasty Register (SHAR) show a higher rate of revision 
in uncemented acetabular components due to aseptic loosening compared to cemented 
acetabular components [8]. This is in accordance with earlier reports on increased incidences 
of osteolysis in arthroplasties with uncemented acetabular components [9-11]. We therefore 
postulated that the wear rate of uncemented acetabular components is higher than the wear 
rate in cemented components. The purpose of our study was to systematically review the highest 
available evidence on the wear rate in both types of acetabular component fixation.
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MATERIALS AND METHODS

A ‘PICOS’ was formulated in order to perform a systematic review and meta-analysis of the peer-
reviewed literature [12]. We defined our population (P) as patients with primary or secondary 
osteoarthritis, treated by total hip arthroplasty (THA). The intervention (I) was defined as a THA 
with a cemented acetabular component. We compared (C) this intervention with a THA with 
an uncemented component, for the outcome (O) of wear rate (defined as mm/year or overall 
wear rate) of polyethylene. Study designs (S) were randomized controlled trials or cohort studies 
comparing both fixation methods of the acetabular component.

Inclusion criteria were specified in advance, and documented in an unpublished protocol. 
Randomized controlled trials or observational cohort studies comparing patients with cemented 
polyethylene acetabular components to patients with uncemented, metal-backed acetabular 
components were included. Furthermore, outcome had to be described as polyethylene wear 
rate in mm/year, mm3/year, or as overall wear rate. No language restrictions were used. Excluded 
were studies that assessed cemented metal-backed components or threaded cups, articulations 
other than metal-polyethylene, and studies with heterogenic populations and follow-up of less 
than three years. 

Studies were identified using electronic databases searches in MEDLINE (PubMed) (1966 – January 
3, 2012), EMBASE (1966 – January 3, 2012) and The Cochrane Central Register of Controlled Trials 
(January 3 2012). A medical librarian assisted in the search, using the following search terms with 
Boolean operators: ‘hip arthroplasty’ OR ‘hip replacement’ OR ‘hip prosthesis’ AND (uncemented 
OR cementless OR ‘metal backed’ OR shell OR cup OR socket OR ‘press fit’) AND (cemented OR 
cement) AND (polyethylene OR UHMWPE OR LDPE OR HDPE) AND wear. All reference lists of 
eligible articles were reviewed. Authors of eligible studies were contacted with regard to possible 
unpublished results or additional statistical data. 

The systematic review was performed with adherence to the PRISMA statement [13]. Title and 
abstract were examined to assess their relevance (Fig. 1). Full articles were retrieved and assessed 
by two authors using the prespecified inclusion and exclusion criteria. Disagreements between 
reviewers were resolved by consensus after discussion with a third reviewer trained in research 
methodology.

Relevant data regarding study design, study population, intervention and outcome measures 
(method of wear measurement) were extracted from the text, figures and tables of the articles 
included.

The quality of the included studies was assessed using the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) approach [14-16]. 

RESULTS
  
A total of 425 papers were identified using the computerized database search. After removing 
126 duplicates, 15 articles were included based on title. Abstracts of these articles were assessed, 
leading to nine eligible articles. Full-text analysis of these nine articles led to the exclusion of one 
study. The reason for exclusion of this study was: no direct comparison could be made between 
patients with cemented and uncemented acetabular components, because this was not defined 
as the primary aim of the study [17]. The authors were contacted, but no additional statistical data 
were available. After cross-referencing, one article could be added to the final result [18], leading 
to a total of nine articles eligible for qualitative synthesis (Figure 1). Due to the heterogeneity 
of the study designs, study population and type of hip prosthesis, a meta-analysis was not 
performed. The following review of the literature is therefore descriptive. Studies included two 
randomized controlled trials [19,20], and 7 retrospective cohort studies [6,18,21-25]. The mean 
follow-up period ranged from five to more than 25 years. A total of 1,271 hips were included 
with a patient’s mean age of 62 years (range 40-72 years). To assess the polyethylene wear of the 
acetabular component, one paper used radiostereometric analysis (RSA) [19], while the other 
eight studies used the Livermore method or modifications of the Livermore method. Using this 
method, on anteroposterior radiographs at follow-up, the shortest diameter of the polyethylene 
was measured from the centre of the femoral head, and this was compared to the distance 
at the same location on the initial postoperative radiograph [5]. In six studies, conventional 
polyethylene was used; three studies [20,23,25] used cross-linked polyethylene.

Study characteristics
Onsten and Carlsson used the RSA method to assess the amount of polyethylene wear in a 
randomized controlled trial in 95 hips [19]. All patients received a cemented monobloc Charnley 
stem (DePuy International Ltd, Leeds, UK) with a 22 mm diameter stainless steel head. In 47 hips, 
a cemented Charnley polyethylene acetabular component was used (DePuy International Ltd, 
Leeds, UK), while in 48 hips an uncemented metal-backed Harris-Galante type-I component 
(Zimmer, Warsaw, Indiana, USA) was used, with additional fixation using two to four screws. At 
five years of follow-up, no statistically significant differences in annual wear between groups 
were found (0.09 mm/year vs. 0.10 mm/year). For both cohorts, the type of polyethylene was not 
further specified, therefore creating a high probability of reporting bias. According to GRADE, the 
quality of this study is moderate.

McCombe and Williams used a prospective randomized trial to evaluate the annual wear rate 
in 115 hips [20]. A cemented stem (Exeter, Stryker Australia, Artarmon, Australia) was used in all 
hips with a 26 mm diameter head. One cohort with 52 hips had an uncemented metal-backed 
acetabular component (Duraloc 100, DePuy, Mount Waverley, Australia), and the second cohort 
with 63 hips had a cemented polyethylene acetabular component (Exeter, Stryker Australia). 
Mean radiological follow-up was 6.5 years, and polyethylene wear was assessed using a digitized 
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Livermore method. In both cohorts, polyethylene had been machined and radiated in air. The 
uncemented group showed an annual wear rate of 0.15 mm/year, with 0.07 mm/year in the 
cemented group. This difference was statistically significant (p<0.0001). According to GRADE, the 
quality of this study is high.

A further seven retrospective studies reported the wear rate of uncemented and cemented 
acetabular components [6,18,21-25]. Only three of these studies reported statistical methods; 
one study observed a lower annual wear rate in cemented acetabular components [25] and 
two found no difference in wear rate [23,24]. The remaining four studies did not provide a 
statistical analysis of the data. Two studies reported a lower wear rate in cemented components 
as compared to uncemented components [6,22], and the other two studies found no difference 
[18,21]. All these retrospective studies used the Livermore method or modifications thereof. The 
quality of these retrospective studies according to GRADE is low to very low (Table 1).

PM = PubMed
EM = Embase
CCR = Cochrane Central Register of Controlled Trials
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Figure 1. PRISMA flow diagram
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DISCUSSION

Only one high quality study was included in our systematic review, demonstrating an increased 
wear rate in uncemented metal-backed components (Duraloc) versus cemented acetabular 
components (Exeter) [20]. One moderate quality study showed no difference between cemented 
acetabular components (Charnley) and uncemented metal-backed components (Harris-Galante 
type-I) [19]. Three out of seven low to very low quality retrospective studies reported a higher 
wear rate in uncemented acetabular components [6,22,25].

Our systematic review is the first to specifically review the available evidence regarding the 
possible influence of acetabular component fixation on the wear rate of polyethylene. In 
order to obtain an evidence-based assessment of the available literature on this subject, we 
performed our review with adherence to the PRISMA statement and used the GRADE approach. 
No language restrictions were used and, if necessary, authors were contacted for unpublished 
results or additional statistical data. However, our review is limited in that no meta-analysis was 
performed due to clinical heterogeneity. Furthermore, only two randomized controlled trials 
were identified; one study used the RSA method, and the other used a digitized Livermore 
method to assess polyethylene wear [19,20]. Several confounding factors could have influenced 
the outcome especially for the retrospective cohort studies. First, authors did not always mention 
the type of polyethylene used, even in the RCT performed by Onsten and Carlsson [19]. Second, 
other wear influencing factors, such as cup positioning and patient’s activity level, not always 
were reported. Another limitation is that the mean follow-up in the studies included varied from 
five to more than 25 years. This resulted in studies describing the results of obsolete fixation 
methods of the acetabular component. Both fixation with additional screws and openings in the 
metal shell are considered risk factors for wear and osteolysis [6,26]. 

The Swedish Hip Arthroplasty Register reported a higher rate of revision in uncemented 
acetabular components due to aseptic loosening, compared to cemented acetabular 
components, probably resulting from wear-related problems [8]. Increased revision rates were 
also reported by the Norwegian Arthroplasty Register in the medium-term to long-term follow-
up, attributed to wear and osteolysis in modular metal-backed acetabular components. These 
higher revision rates mostly occurred after seven years [27]. The Finnish Arthroplasty Register 
showed no important differences in survival rates for aseptic loosening between cemented and 
uncemented acetabular components. However, further analysis of these registry data showed 
that numerous revisions of the modular uncemented acetabular components were due to 
excessive wear of the polyethylene liner [28]. 

Although registry data do not aim to establish causality [29], increased wear properties of 
uncemented acetabular components are suggested. This assumed increase in polyethylene wear 
in uncemented acetabular components can be considered a multifactorial entity. Differences in 

Table 1. Grading of Recommendations Assessment, Development and Evaluation (GRADE) table of studies 
analysed

Fixation of acetabular components and polyethylene (PE) wear in patients with primary or secondary 
osteoarthritis of the hip

Population: patients with primary or secondary osteoarthritis treated with a THA

Intervention: THA with a cemented acetabular component

Comparison: THA with an uncemented acetabular component

Outcome: wear rate (mm/year or overall wear rate) of PE

A B C D E F G H I J K L 

Nashed et al. (1995) O No No No No U 24 15   L (+) 

Callaghan et al. (1995) O No No No No D** 104 63   VL (+) 

Onsten et al. (1998) RCT Yes# No No No U 47 48 Cement vs uncemented: M (+) 
         0.09 vs. 0.10 mm/year (CI95% -0.01 – 0.03)

Clohisy et al. (2001) MO No No No No U 45 45   L (+) 

Gaffey et al.(2004) O No No No No D** 471 70   VL (+) 

McCombe et al. (2004) RCT No No No No U 63 52 Cement vs uncemented:  H + 
         0.07 vs. 0.15 mm/year (p<0.0001)

Hartofilakidis et al. (2009) O No No No No U 50 51  L (+) 

Bjerkholt et al. (2010) O No No No No U 62 30   L (+) 

Kampa et al. (2010) MO Yes* No No No U 15 15   L (+) 

A. Author (publication year)
B. Design
 RCT: randomized controlled trial
 O: observational
 MO: matched case control, observational
C. Limitations
 No: no serious limitations
 Yes: serious limitations 
 # PE not specified for both cohorts
 * 5 bilateral hips ceramic-PE articulation
D. Inconsistency
 No: no serious inconsistency
E. Indirectness
 No: no serious indirectness
F. Imprecision
 No: no serious imprecision 

G. Publication bias
 U = undetected
 D = detected
 ** In part same cohorts
H. Number of treated patients (cemented   
 acetabular component)
I. Number of controls (uncemented    
 acetabular component)
J. Effect (annual wear rate mm/year)
K. Quality
H:  high
M:  moderate
L:  low
VL:  very low
L. Recommendation 
 (+): Weak for
 +: Strong for



load transfer due to an absent cement interface, or micromovements of modular polyethylene 
inserts in metal acetabular components, could lead to this higher wear rate [18,24]. Poor fit of 
polyethylene inserts and metal shells due to technical failure of the locking mechanism might 
also play a role. Furthermore, thinner polyethylene liners used in uncemented sockets, leading 
to increased contact stresses, may contribute as well. The evidence on this, however, is not 
straightforward [30-32]. Another theoretical explanation for increased wear rates in press-fit 
acetabular components could be their less forgiving positioning during implantation leading 
to edge loading. This might be prevented in cemented acetabular components, due to a more 
correctable positioning during implantation. 

Two recent systematic reviews [33,34] comparing cemented and uncemented THA addressed 
acetabular fixation types in a broader perspective than our review. Pakvis and van Hellemondt 
reviewed both the clinical and radiological outcome and postulated that the surgeon should choose 
an established cemented or uncemented acetabular component based on patient characteristics, 
knowledge, experience and preference [33]. However, Clement and Biant concluded that cemented 
acetabular fixation may be the gold standard in total hip arthroplasty, based primarily on the lower 
overall re-operation risk for cemented fixation [34]. In agreement with our findings, both reviews 
reported an equal or increased articular wear rate with uncemented fixation. 

The weakest link in contemporary total hip arthroplasty seems to be the acetabular component. 
The results of this systematic review suggest a negative influence of uncemented acetabular 
component fixation on polyethylene wear rate, and are in favour of cementation of the 
acetabular component. Next to acetabular component cementation, polyethylene itself also 
plays an important role in improving wear properties. Highly cross-linked polyethylene has 
shown an excellent medium-term performance [35,36]. Nowadays, second generation highly 
crosslinked polyethylenes have been developed with even more wear resistance (eg X3 [Stryker 
Orthopedics, Mahwah, New Jersey, USA], ArCom XL and E-Poly [Biomet Orthopedics, Warsaw, 
New Jersey, USA]), showing promising in vitro results [4,37,38]. Future research should focus on 
high quality clinical trials prospectively investigating arthroplasties with cemented acetabular 
components, in combination with second generation highly cross-linked polyethylene. Because 
of its ability to address early wear, ideally RSA should be used. However, use of this method is 
limited because of its relative expense and required expertise. Next to RSA, computer-assisted 
edge-detection techniques offer improved accuracy in especially the intermediate to long-term 
follow-up and are generally more readily available [39].

In conclusion, the results of this systematic review of the available evidence suggest that a higher 
annual wear rate of polyethylene may be encountered in uncemented acetabular components 
as compared to cemented components. Future high quality studies should focus on cemented 
acetabular components combined with second generation highly cross-linked polyethylene.
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ABSTRACT

A complete 10- to 12-year follow-up of an uncemented total hip arthroplasty (THA) was performed 
regarding survival, clinical outcome, polyethylene wear and influencing factors on wear. Seventy-
two patients (75 Mallory Head uncemented THA) with primary osteoarthritis operated on in 1999 
or 2000 were included in the survival study. Mean age at the time of operation was 57.9 years 
(range 37–70). The survival rate after 11.9 years was 96% (95% CI 0.89–1.01). In three cases the 
acetabular component was revised because of extensive polyethylene wear. Fifty-four patients 
with 57 THAs were available for clinical and radiological analysis. At a mean follow-up time of 10.7 
years (range 10–12) the clinical outcome can be considered comparable to other uncemented 
THA. Mean polyethylene wear was 1.8 mm (range 0.4–3.8) with an annual wear rate of 0.15 mm/y. 
There was a significant correlation between polyethylene wear and inclination of the cup as well 
as male gender. 

INTRODUCTION

Due to a growing older population and expanding indications, the number of total hip 
arthroplasties (THA) is still rising. Because of ongoing innovations and improvements in design, 
materials and surgical approach, THA is performed more frequently in younger patients. Demands 
on prosthesic durability increase along with general life expectancy and higher demands of 
younger patients regarding physical activity [1,2].

Overall, the 10-year survival rates of THA are excellent (95-99%) [3-5]. Uncemented THA have 
poorer overall survival rates compared to cemented THA [1,4-10], mainly due to failure of the 
acetabular component [3,6,11]. Uncemented acetabular cups have a higher rate of polyethylene 
wear compared to cemented cups [4,5,7-9]. Additionally, uncemented acetabular cups show a 
higher decrease in bone mineral density of the periprosthetic bone and more periprosthetic 
osteolysis [9]. Conversely, uncemented femoral stems have a lower risk of revision due to aseptic 
loosening than cemented femoral stems [4,12].

Innovations to decrease the wear rate of polyethylene can increase the life expectancy of THA 
[13,14]. Cross-linking polyethylene has led to increasing wear resistance and has shown good in 
vitro and good short-to-midterm in vivo results [6,13-15]. Long-term follow-up results for wear 
and clinical performance of cross-linked polyethylene are essential. It is important to identify 
factors that influence the amount of wear in order to enhance early identification of patients 
whose prosthesis is predisposed to failure. Physical activity, gender, inclination of the acetabular 
cup and body mass index (BMI) are described as potential factors that accelerate polyethylene 
wear [16-22]. 

Survival studies of uncemented THA have been conducted containing large study populations 
[5,10,12,23]. However, survival and revision rate alone is a blunt measure to assess long-term 
outcome, as it provides no information concerning clinical outcome or patient satisfaction 
[10]. This study provides a 10- to 12-year follow-up of an uncemented THA with a cross-linked 
polyethylene insert for survival, clinical outcome and polyethylene wear. Physician-reported as 
well as patient-reported questionnaires were used. Physical activity, inclination of the acetabular 
cup, BMI, gender and age were assessed as potential risk factors for polyethylene wear. 
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PATIENTS AND METHODS

Study design and population
In this 10- to 12-year follow-up cohort study all patients who received a Mallory Head (Biomet, 
Warsaw, Indiana, USA) THA in 1999 and 2000 were retrieved from the hospital database. Six 
orthopaedic surgeons performed this operation using a posterolateral or a direct lateral approach. 
A Mallory Head THA consists of a tapered, porous-coated stem and a metal-backed, porous-
coated acetabular shell without holes with a RingLoc polyethylene liner (Biomet NL, Dordrecht, 
the Netherlands). The stem and cup have a press-fit fixation; 28 mm femoral heads were used 
in all cases. The liner is a compression-moulded, cross-linked ultra-high-molecular-weight 
polyethylene which is sterilized by gamma irradiation and processed, packaged and stored in an 
inert gas environment. Patients with primary osteoarthritis were included in the study. Patients 
with secondary osteoarthritis, rheumatoid arthritis, aseptic necrosis of the femoral head, or bone 
metastasis or patients who underwent a revision THA were excluded. Patient demographics and 
information on prosthetic sizes were obtained from medical records. The study was conducted 
according to the regulations of the local ethics committee. Informed consent was obtained.

Survival
In the survival analysis, revision was taken as event. Date of revision was determined as well as 
date of death when applicable using medical records.

Physician- and patient-reported clinical outcome
All patients still alive without a revision operation were invited to participate in the clinical follow-
up study, which entailed a single outpatient visit for a clinical and radiological examination and 
completion of four questionnaires. Clinical examination was done by one single examiner (W.R.).

Harris hip score
The physician-reported outcome was scored with the Harris hip score [24] . This score consists of 
the domains pain, function, deformity, and motion. A total score below 70 points is considered a 
poor result, 70-80 fair, 80-90 good, and 90-100 excellent [25].

Oxford hip score
The Dutch translation of the Oxford hip score was used to obtain a patient-reported appraisal of 
outcome [26]. This score contains 14 disease-specific questions concerning pain and limitations 
in several daily activities. Patients are asked to score these items on a Likert Scale ranging from 
1 (least difficulties) to 5 (most difficulties), therefore the minimum score consists of 14 and the 
maximum score of 70 points. 

SF-36
The Dutch SF-36 Health Survey was used to assess the quality of life and well-being [27]. 

It contains 36 questions and standardized response choices. These questions are divided into 
nine different scales concerning physical and social functioning, role limitations due to physical 
health problems and due to emotional problems, bodily pain, general health perception, vitality, 
general mental health and health change. All scores are converted to a 1- to 100-point scale, with 
a higher score indicating higher levels of functioning or well-being. 

SQUASH
The amount of physical activity was rated using the short questionnaire to assess health-
enhancing physical activity (SQUASH) [28]. Patients were asked to report per activity the number 
of days a week and average time a day they perform that activity. The SQUASH structures total 
physical activity into four different categories; commuting activities, physical activities at work 
or school, household activities and activities during leisure time, including sports. Moreover, 
all activities were assigned an intensity value (MET value) according to the compendium of 
Ainsworth et al. [29]. Based on MET, activities are categorized into light, moderate and vigorous-
intensity physical activity. Outcome can be represented as total minutes of physical activity a 
week, number of minutes a week in the four different activity categories, and number of minutes 
a week in the three intensity categories. International health-related physical activity guidelines 
recommend 30 min or more of moderate-intensity physical activity at least 5 days a week or 
vigorous-intensity physical activity for a minimum of 20 min at least 3 days a week [2]. With the 
SQUASH, it can be determined whether patients comply with these guidelines.

Wear, osteolysis and inclination
Six weeks postoperatively x-rays were obtained from the radiological records. During the 
outpatient visit a conventional anteroposterior radiograph of the pelvis was taken, with the 
patient in a supine position. Wear measurements were performed using HyperORTHO  software 
(Rogan Delft, Veenendaal, the Netherlands) for preoperative planning and postoperative 
measurements on digital radiographs. Polyethylene wear measurements and calculations were 
performed according to the method of The et al. [30,31]. This method uses the change in distance 
between the center of the femoral head and the center of the acetabular cups’ opening in the 
6-week postoperative radiograph and the last follow-up pelvic radiograph for the measurement 
of wear. The distances were corrected for magnification with the known diameter of the femoral 
head (28 mm). According to The et al., differences in opening angle of the acetabular cup were 
corrected to avoid strongly over- or underestimation of wear. 

Periprosthetic osteolysis around the acetabular and the femoral component was rated on view 
by two assessors (W.R., J.v.R.). In case of disagreement this was solved in a consensus meeting. 
Location of osteolysis around the acetabular component was classified according to the zones of 
DeLee and Charnley [32], and location of osteolysis around the femoral component was classified 
according to the zones of Gruen et al. [33].
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Inclination of the acetabular cup was determined by measuring the angle between a horizontal 
line touching the inferior borders of the inferior pubic rami and a line parallel to the acetabular 
cups’ opening [21].

Statistical analysis
Statistics were performed using the SPSS version 18.0 (SPSS Inc., Chicago, IL). Descriptive statistics 
were used to present patients demographics. Kaplan-Meier analysis was used to describe the 
survival (CI) of the THA using revision surgery as event. Clinical outcome and amount of wear 
were presented in means (range) or medians (IQR) in case of skewedness. Relations between 
polyethylene wear and potential influencing factors were analyzed using univariate and 
multivariate linear regression analyses. The level of significance was defined as P<0.05.

RESULTS

Survival
In 1999 and 2000, 78 patients were operated on for primary osteoarthritis and 3 patients received 
bilateral THA, leaving 81 hips for analysis. Five patients could not be traced, therefore 76 THA were 
included in the survival study (73 patients). Figure 1 shows the Kaplan-Meier survival analysis. Mean 
survival time is 11.9 years (SEM 0.08; 95% CI 11.8–12.1). Three THAs were revised, therefore survival 
with revision as an endpoint was 96% (95% CI 0.89-1.01). The revisions took place in 2007, 2008 and 
2010, and all were due to extensive wear of the acetabular cup. One of the revisions was performed 
because of a swelling in the left groin as a reaction to polyethylene particles, which led to pain 
and neurovascular compression. Inclination in this case was 55°, cup size 50. One of the revisions 
only involved revision of the polyethylene liner. In this case inclination was 42.5°, cup size 46. 
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Figure 1. Kaplan-Meier analysis describing survival of the Mallory Head uncemented THA after a mean 
follow up of 11.9 years. End point was defined as revision of any component.
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One revision was performed for aseptic loosening of the acetabular cup. Inclination in this case was 
53.5°, cup size 50. In all cases the cups had full coverage laterally and were properly medialized when 
inserted. No revisions were performed due to infections. No femoral components were revised.

Physician- and patient-reported clinical outcome 
Of the 73 patients included in the survival analysis, 10 were deceased with no revision and 3 
underwent a revision of the acetabular component, therefore 60 patients were invited for clinical 
and radiological examination on an outpatient basis (Figure 2). Five patients did not give informed 
consent: three patients did not want to participate for emotional reasons and two patients were 
unable to come to the hospital and were not willing to answer the questionnaires - one of the 
patients had physical limitations unrelated to the THA and the other had emigrated. One patient 
was admitted to the hospital for surgery on the contralateral hip in the period that the study took 
place. A total of 54 patients (57 THAs) were included in the clinical outcome study.

Patient characteristics are summarized in Table 1. The most used acetabular cup sizes were 52 
and 54 mm. The most used femoral component size was 10.

Tables 2 and 3 represent the scores and subscores of the Harris hip score, Oxford hip score, SF-
36, and SQUASH. Harris hip scores were excellent in 77.2% of the patients, good in 12.3%, fair in 
5.3%. As determined with the SQUASH, 67.3% of the patients met the international guidelines 
regarding physical activity. Household activities and leisure time activities together covered 
1290 of the total of 1560 minutes spent per week on physical activity. Of the total time spent on 
physical activity, 53% consisted of light-intensity activities.
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10 patients deceased at 
10-year follow-up 

60 patients approached for 
clinical and X-ray evaluation

3 patients with revision of 
primary arthroplasty

5 THAs lost to follow-up, 
untraceable

76 THAs included in survival 
analysis in 73 patients

81 Mallory Head THAs placed 
in 78 patients in 1999/2000 

54 patients included (57 THAs) 5 patients no informed consent
1 patient admitted in hospital

Figure 2. Flowchart showing inclusion procedure

Table 1.  Patient characteristics

  N (%) mean range

Gender Men 19 (35.2)  

 Women 35 (64.8)  

BMI (kg/m2)   28.8 20.6-43.6

Age at time of operation (years)  57.9 37-70

Follow-up time (years)   10.7 10-12

Size of acetabular cup (mm)  53.4 46-60

Size of femoral component  10.1 7-16

Table 2. Scores and subscores of Oxford Hip Score, Harris Hip Score and SF-36

  mean Range

Oxford hip score  63.7 39-70

Harris hip score  92.7 59-100

SF-36 Physical functioning 71.1 0-100

 Social functioning 87.1 12.5-100

 Role limitations due to physical health problems 68.4 0-100

 Role limitations due to emotional problems 85.7 0-100

 General mental health 83.0 40-100

 Vitality 73.1 15-100

 Bodily pain 80.6 32.7-100

 General health perception 64.7 5-95

 Health change 44.7 0-100
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Wear, osteolysis and inclination
Polyethylene wear showed a normal distribution and ranged between 0.4 and 3.8 mm with a 
mean of 1.8 mm. With a mean survival time of 11.9 years, this constitutes an annual wear rate 
of 0.15 mm/y. In three cases, the 6-week post-operative radiographs could not be used for 
wear measurement due to poor quality, therefore wear measurements were performed on the 
radiographs of 54 arthroplasties. In one case periacetabular osteolysis was observed in zone II of 
the acetabulum according to DeLee and Charnley, but no femoral osteolysis. This male patient 
was already scheduled for revision surgery of the acetabular cup. Wear was 2.2 mm, and there 
was slight pain and a full range of motion. The patient had an excellent Harris hip score of 96 
points. The mean inclination of the acetabular cup was 47.8° (range 30°-70°).

Influencing factors on wear
Table 4 presents statistical analysis regarding influencing factors on wear. In an univariate model, 
inclination of the acetabular cup showed a linear correlation to polyethylene wear. With every 
degree of increase in inclination of the cup, polyethylene wear increased by 0.03 mm. The model 
was based on inclination data ranging from 30° to 70°. Gender seemed to be correlated with 
polyethylene wear, with men showing more polyethylene wear than women. This correlation 
was not statistically significant, though. 

Time spent on physical activity was not related to polyethylene wear even when dividing physical 
activity into light-, moderate- and vigorous-intensity physical activity. BMI and age at time of the 
operation were not related to polyethylene wear. 
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Table 3. Scores of SQUASH

  median IQR

  

SQUASH (min/week) Commuting activity 0 0-0

 Activity at work 0 0-0

 Household activity 840 390-1440

 Leisure time 450 180-795

 

 Light-intensity physical activity 840 330-1455

 Moderate-intensity physical activity 225 90-420

 Vigorous-intensity physical activity 210 45-525

 

 Total time spent on physical activity 1560 1110-2370

Table 4. Multivariate linear regression analysis of factors influencing polyethylene wear

 Nonstandardized Sig.            95% Confidence Interval for B

 Coefficients for B  

   Lower Bound Upper bound

Univariate    

Inclination (degrees) 0.03 0.029 0.00 0.05

Male gender 0.39 0.051 -0.00 0.79

BMI (kg/m2) 0.01 0.494 -0.02 0.05

Total time spent on physical activity (min/wk) <0.01 0.937 0.00 0.00

Age at time of operation (years) -0.02 0.210 -0.04 0.01

Multivariate    

Inclination (degrees) 0.03 0.016 0.01 0.05

Male gender 0.53 0.010 0.13 0.93

BMI (kg/m2) 0.02 0.298 -0.02 0.06

Total time spent on physical activity (min/wk) <0.01 0.460 0.00 0.00

Age at time of operation (years) -0.01 0.672 -0.03 0.02

Dependent variable: total linear wear. Statistically significant results (P<0.05) are indicated in bold.



DISCUSSION AND CONCLUSIONS

Survival of the studied uncemented THA was 96% after a mean survival time of 11.9 years. This 
can be considered a better long-term outcome compared to Boesenach et al. [34], who found 
a 10-year follow-up of 92% for the uncemented THA. These survival rates are comparable to 
previous studies of other uncemented THAs with similar follow-up times [5,10,12,23,34]. No 
femoral components were revised, therefore survival of the uncemented THA is determined by 
survival of the acetabular cup in this study.

Taking into account both the patient-reported and the physician-reported questionnaires, the 
10- 12-year clinical outcome of the studied uncemented THA can be considered satisfactory, 
indicating good quality of life, few limitations in ADL and wide ROM. Compared to studies with 
various types of uncemented THAs, our results are at least equally good. The mean scores of the 
nine categories of the SF-36 are comparable to the mean scores of the general population of the 
same age [27].

The annual wear rate of 0.15 mm/y found in our study is comparable to previous studies. In 
literature, wear rates for uncemented cups range between 0.09 and 0.25 mm/y [5,7,8,18,20,21,34]. 
Boesenach et al. [34] even found exactly the same annual wear rate for the acetabular cup of the 
same type. The fact that two independent studies found exactly the same annual wear rate for 
the same type of uncemented acetabular cups increases the reliability of these results. 

Polyethylene wear was related to inclination of the acetabular cup. A possible explanation for this 
is an increase in contact stress at the superior aspect of the polyethylene liner. In the literature, 
an acetabular inclination of less than 45° is recommended in order to reduce this polyethylene 
wear [20,21]. Our study supports this recommendation. Significantly more wear was found in 
male patients than in female patients. This is in line with previous studies [16,19,20]. In the study 
of Schmalzried et al. [16] the increased wear in males was explained by differences in behavior, 
anatomy and physiology between men and women. In our study, however, gender remains a 
significant predictor with correction for inclination, amount of physical activity and BMI in the 
model. Conclusively, no explanation was found for the difference in wear between men and 
women. Smaller diameter femoral heads are known to have lower polyethylene wear rates 
[35,36]. However, since all the included THAs had identical head diameters, the influence of this 
factor to polyethylene wear could not be analyzed in this study.

Contrary to expectations, polyethylene wear was not related to amount of time spent on 
physical activity, even after subdivision into light-, moderate- and vigorous-intensity activity. 
The results of previous studies on the influence of physical activity on polyethylene wear are 
conflicting [16,17,22,37]. More research is needed, measure activities at regular intervals over a 
10-year period instead of measuring it at one moment in time, as current activity levels might 

not be representative for the previous period. Also, measuring physical activity with more 
objective measures like accelerometers can provide additional information, as people tend to 
overestimate their physical activity level in questionnaires [28].

A strong point of our study is the fact that over 70% of the patients contributed to the 10-year 
survival estimates. When regarding 10-year survival data and risk for revision, it is important to 
consider the number of patients still at risk by the 10-year mark [10]. As patients are censored 
when they die or become lost to follow-up, the revision-free survival estimates are based on a 
minority of the population. In our study, 70.4% of the patients were still at risk for revision after 
10 years, thereby contributing to the Kaplan-Meier estimate and making our 10-year survival 
estimates reliable.

Two different surgical approaches were used in this study. This could be a possible cause 
of bias. However, in the literature, no significant variances in polyethylene wear and clinical 
outcome have been reported when comparing the surgical approaches used in this study [38]. 
A limitation is that we did not use the gold standard for wear measurement, which is three-
dimensional radiostereometry. However, this is a very time-consuming and expensive method 
[31]. For this reason, at present digital two-dimensional wear measurements are the most 
widely used methods for polyethylene wear measurement. As two-dimensional measurements 
generally underestimate the three-dimensional value due to variability in projections of the 
THA on the radiographs [16,31], The et al. developed a geometrical framework to model 
these wear measurement errors. The wear measurements in our study are thus more reliable 
compared to other two-dimensional wear measurements. 

Future studies with follow-up results exceeding 10 to 12 years are required. There are indications 
that the results of uncemented acetabular cups deteriorate with time [12]. After the first 10 
years the rate of failure increases [3,5], yet few studies that have a follow-up period of more than 
10 years have been published.
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ABSTRACT

Information on periprosthetic acetabular bone density is lacking for metal-on-metal total hip 
arthroplasties. These bearings use cobalt-chromium instead of titanium acetabular components, 
which could lead to stress shielding and hence periprosthetic bone loss. Cobalt and chromium 
ions have detrimental effects on bone. It is unknown whether serum metal ion levels affect bone 
density clinically. We compared cementless large femoral head (mean 48 mm) metal-on-metal 
total hip arthroplasties (M2a-Magnum, Biomet) to cementless 28 mm metal-on-polyethylene 
total hip arthroplasties (Mallory-Head, Biomet) in a randomised clinical trial. We evaluated 
periprosthetic acetabular bone density and serum metal ion levels at 1 year postoperatively. 
Acetabular bone density was analyzed with dual energy x-ray absorptiometry in four horizontal 
regions of interest in 70 patients. After one year, acetabular bone density decreased (-3.5% to 
-7.8%) in three of four regions of interest in metal-on-polyethylene patients, but was retained 
in metal-on-metal patients. Bone density preservation was most pronounced superior to the 
metal- on-metal cup (+1% versus -3.7%). Serum cobalt, chromium and titanium ion levels were 
not related to bone density, nor to acetabular inclination or femoral head size. Oxford and Harris 
hip scores were similar in both groups. Contrary to our hypothesis, acetabular bone density 
was retained with metal-on-metal total hip arthroplasty, compared to metal-on-polyethylene 
arthroplasty. Bone preservation was most pronounced in the area superior to the cup. This could 
be a benefit during future revision surgery. 

INTRODUCTION

Total hip arthroplasty (THA) is a successful treatment for end-stage osteoarthritis of the hip. THA 
longevity is hampered by polyethylene wear and subsequent periprosthetic osteolysis, generally 
leading to failure of the acetabular component first [1]. Metal-on-metal (MoM) THA was designed 
as an alternative to overcome polyethylene wear related pros- thetic failure. Proposed benefits 
are reduction of wear and greater range of motion and stability through large femoral heads 
[2-4]. Acetabular components of MoM bearings are generally made of cobalt-chromium instead 
of titanium and are more rigid than press-fit components for metal-on-polyethylene (MoP) 
bearings. 

These stiffer implants can give rise to stress shielding and could therefore lead to localized 
bone loss. Little is known however about acetabular bone density changes around MoM 
implants. Acetabular bone density has been described around MoP bearings [5, 6], alumina-
on-poly- ethylene and alumina-on-alumina bearings [7]. MoM THA may lead to elevated 
cobalt and chromium serum ion levels [2,8-10]. Elevated ion levels have been linked to early 
osteolysis, pseudotumours and high failure rates [10-12]. Whether serum metal ion levels affect 
periprosthetic bone density is currently unknown. However, from clinical observations and in-
vitro studies show reduced osteoblast proliferation, RANKL/OPG changes and oxidative stress in 
the presence of these ions [10,13].

The aim of the present study was to set up a randomised clinical trial to evaluate periprosthetic 
acetabular bone density and serum metal ion levels in MoM cementless THA, compared to MoP 
cementless THA. We hypothesised that bone density loss would be greater around the MoM 
acetabular components. 
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MATERIALS AND METHODS

We conducted a randomised controlled trial using concealed allocation: sequentially numbered 
opaque sealed envelopes. Our institutional review board approved the study. The study was 
registered in the Dutch Trial Registry (NTR1399) and the study design has been published 
elsewhere [14]. 

Patients
We included consecutive patients suffering from non-inflammatory degenerative hip joint 
disease including osteoarthritis, avascular necrosis and traumatic arthritis, aged between 45 and 
75 years. We excluded patients with active infection, revision arthroplasty, marked bone loss, and 
unwillingness or inability to follow instruction. Participation was voluntary and informed consent 
was obtained. 

Implants
Patients in the MoM group received a cementless titanium plasma-sprayed porous coated cobalt-
chromium-molybdenum alloy acetabular component (M2a-MagnumTM, Biomet, Warsaw, IN, 
USA) and a cobalt-chromium-molybdenum femoral head with a carbon concentration between 
0.23% and 0.28%. Diametrical clearances were 150-300 μm. Head sizes could vary from 38 to 
60 mm, depending on the shell sizes which ranged from 44 to 66 mm. Patients in the MoP 
group received a cementless plasma-sprayed porous coated titanium alloy (Ti6Al4V) acetabular 
component (Mallory-Head®, Biomet) with a polyethylene liner (ArComTM, Biomet) and a 28 mm 
cobalt-chromium-molybdenum femoral head. In both groups the same cementless stem was 
used: a proximally plasma-sprayed porous coated titanium alloy (Ti6Al4V) stem (Mallory-Head®, 
Biomet). 

Operative technique 
We used a posterolateral or straight lateral surgical approach in the lateral decubitus position. 
Seven orthopaedic surgeons performed the operations. Implant choice was determined by 
opening a sealed envelope. All patients followed a standardised protocol for analgesia, antibiotic 
prophylaxis and mobilisation. Weight bearing was progressively increased as tolerated, crutches 
were used for six weeks. Low molecular weight heparin was given during six weeks. 

Bone density 
Bone mineral density (BMD) was acquired using a Discovery C (S/N 70141) dual energy x-ray 
absorptiometry (DEXA) bone densitometer (Hologic Inc, Bedford, MA, USA). The patient’s leg 
was fixed to control rotation. Baseline BMD was measured at the contralateral hip (provided 
no hip prosthesis was present) (Figure 1). These values were compared to the manufacturer’s 
database so that T and Z values were obtained and presence of osteopenia or osteoporosis was 

noted. Periprosthetic BMD was analysed using the manufacturer’s metal exclusion software with 
a template to create four periprosthetic acetabular regions of interest (ROI 1 to 4) according 
to Wilkinson [5] (Figure 2). We created an extra region at the os ilium ipsilaterally (ROI-6). The 
regions were manually adjusted to match the anatomy of each patient. The manufacturer’s scan 
comparison software enabled the transfer of the follow-up ROIs onto the baseline ROIs for each 
patient. Calibration was performed regularly with a phantom; the coefficient of variation was 1%. 

Figure 1. Femoral neck, trochanter, intertrochanteric, total hip and Ward’s triangle bone mass density (BMD) 
measurements with dual energy x-ray absorptiometry (DEXA) of the contralateral hip, serving as baseline 
measurements six weeks postoperatively.

Figure 2. Periprosthetic acetabular regions of interest (ROI) according to Wilkinson [5], used for BMD 
measurements with DEXA. 

Serum metal ions 
Serum cobalt and titanium ion levels were acquired by inductively coupled plasma mass 
spectrometry (ICP- MS; Agilent 7500 series, Agilent Technologies, Lexington, MA, USA). Chromium 
ion concentration was measured by graphite furnace atomic absorption spectrometry with 
Zeeman correction (GFAAS; Varian 220Z, Varian Inc., Lexington, MA, USA). 
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Clinical scores 
Oxford hip score (OHS) [15] and Harris hip scores (HHS) [16] were obtained by orthopaedic 
surgeons and orthopaedic residents. Assessors and patients were not blinded. 

Radiographic evaluation 
Supine anteroposterior pelvic radiographs were taken preoperatively and postoperatively. The 
one-year postoperative radiographs were reviewed by an orthopaedic registrar (MJMZ) and 
a senior orthopaedic surgeon (JJAMVR). We analysed the Gruen [17] and De Lee & Charnley 
[18] zones for signs of bone resorption, subsidence, osteolysis, interface deterioration, cysts, 
radiolucencies, reactive line formation, bone densifications, cortical hypertrophy, tip sclerosis 
and pedestal formation [19]. Acetabular abduction angle (inclination) was measured and 
periarticular ossifications were noted. 

All measurements took place preoperatively and postoperatively at six weeks and one year. 
DEXA at six weeks served as baseline. 

Sample size calculation 
To detect the smallest clinical relevant difference of 0.25 g/cm2 in BMD, with a standard deviation 
of 0.4, 41 patients were needed in each group (alpha 0.05, power 0.80). We expected drop-out 
and conversion to cemented cups if adequate cementless fixation would fail. We therefore aimed 
to include 50 patients per group. To detect a clinical difference of 2.5 μg/liter in serum metal ion 
concentration with a standard deviation of 1.8, 8 patients per group were needed (alpha 0.05, 
power 0.80). To compensate for patients withdrawn from the study, (the first) 15 patients were 
aimed for in each group. 

Statistical analysis 
We used SPSS for windows (Chicago, IL, USA). Patient characteristics and outcome measures 
are presented as means and standard deviations (SD) or in numbers; serum metal ion 
concentrations are presented as medians with ranges. We tested differences between the two 
groups with independent T-tests for continuous variables with normal a distribution and Mann 
Whitney U tests in cases of non-normal distribution. Normative distribution was tested with 
one- sample Kolmogorov-Smirnov tests. Fishers Exact test was used for dichotomous variable 
differences. Comparisons of two means within groups were tested with paired samples T-tests 
for continuous variables with normal distribution and with Wilcoxon’s Signed Ranks tests (two 
groups) or Friedman tests (three groups) in case of non-normal distributions. Prosthetic survival 
was calculated by Kaplan-Meier time series (Mantel-Cox log rank test). A p-value of <0.05 was 
considered to be statistically significant. 

RESULTS

Patients 
We included and randomized 126 patients. Of these, 12 patients were converted intraoperatively 
to a cemented polyethylene socket because of inability to fully seat the cementless shell. In the 
Netherlands, conversion to a cemented acetabulum is preferred over augmentation with screws. 
Five patients decided to postpone or cancel the surgery and three did not want to cooperate 
anymore. Two patients were excluded on the basis of bone deformity. Therefore, 104 patients 
remained: 54 patients received a MoP THA and 50 patients a MoM THA. Patients were comparable 
regarding gender, age at operation (mean 60 years in both groups), and surgical approach (MoM 
32/18, MoP 32/22 posterolateral/straight lateral, p = .689). Mean femoral head size in the MoM 
group was 48.3 mm (range 42-56). Surgical complications were encountered in three patients: 
two conservatively treated intraoperative fractures (one MoM, one MoP) and one superficial 
infection (MoM). There were no dislocations. 

Bone density 
Baseline BMD comparison (using the native contralateral hip) of the two prosthetic groups 
revealed no significant differences (Table 1). As another control measure, we analyzed BMD above 
the prosthetic hip in ROI-6, in the os ilium, distant to the acetabular component. BMD in ROI-6 did 
not differ between the two prosthetic groups at baseline. BMD in the MoM patients was higher 
than in the MoP patients in the medial regions (2 and 3) at six weeks postoperatively (Table 2). 
After one year, BMD had decreased in the superior region (1: -3.7%) and in the two medial regions 
(2: -7.8%; 3: -4.6%) in the MoP patients. In contrast, in the MoM patients, BMD did not decrease 
significantly over time in any region (although numerically in medial regions 2 (-5.4%; p = .057) 
and 3 (-4.5%; p = .069)). At one year postoperatively, BMD in the MoM patients was higher than 
in the MoP patients in all regions except the caudal region 4. Bone density preservation at one 
year was most pronounced superior to the cup (region 1): bone density changed +1% with MoM 
compared to -3.7% with MoP (p = .036). 
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Serum metal ions 
Cobalt concentration increased postoperatively in both prosthetic groups. Chromium values did 
not change in the MoP group, but in the MoM group they did (Table 3). At 6 weeks and one year, 
cobalt and chromium concentrations were significantly higher in the MoM group. Titanium levels 
increased from preoperatively to postoperatively in both prosthetic groups and were highest 
at six weeks, but did not differ between the groups. We did not find a statistically significant 
correlation between the one year serum metal ion levels and BMD. We could not find a relation 
between the femoral head size or inclination of the MoM acetabular component (mean 52°, SD 
7°, range 38-63°) and serum metal ion levels. Patients with steep cups (55° and over) did not show 
increased ion levels. 
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Table 1. Baseline bone mass density (BMD) characteristics in the MoP and MoM groups

 MoP  MoM  P-value

 N=32 N=28

 

BMD femoral neck, mean (SD), g/cm2 0.76 (0.12) 0.81 (0.13) .181

BMD hip total, mean (SD), g/cm2 0.92 (0.12) 0.94 (0.25) .720

T-score neck, mean (SD) -1.02 (0.95) -0. 63 (1.09) .148

T-score hip total, mean (SD) -0.48 (0.86) -0.12 (1.24) .196

Z-score neck, mean (SD) 0.14 (0.98) 0.55 (1.13) .136

Z-score hip total, mean (SD) 0.36 (0.97) 0. 66 (1.27) .313

WHO classification

(N = normal, O = osteopenia, OP = osteoporosis) 26 N, 5 O, 1 OP 22 N, 6 O .559

BMD ROI-6, mean (SD), g/cm2 0. 67 (0.24) 0. 64 (0.26) .716

All BMD measurements were performed on the contralateral, native hip at six weeks postoperatively. BMD in 
ROI-6 was measured in the os ilium of the ipsilateral, prosthetic hip. P-values were calculated by independent 
samples T-tests, except for WHO classification, which was calculated by Chi-Square test.

Table 2. Bone mass density (BMD) in the regions of interest (ROI) surrounding the acetabular component of 
MoM and MoP total hip arthroplasties at six weeks and one year postoperatively.

  Mean (SD) P-value‡ Mean (SD) P-value‡ 

     

 ROI-1, 6 wks, g/cm2 1.31 (0.22)  1.43 (0.27)  .051

 ROI-1, 1 yr,  g/cm2 1.25 (0.22) .035 1.45 (0.35) .373 .007

 % change -3.68 (11)  +1.04 (8)  .036

     

 ROI-2, 6 wks, g/cm2 1.15 (0.23)  1.29 (0.30)  .035

 ROI-2, 1 yr,  g/cm2 1.06 (0.27) .011 1.22 (0.36) .057 .038

 % change -7.79 (17)  -5.42 (17)  .569

     

 ROI-3, 6 wks, g/cm2 0.88 (0.19)  1.08 (0.34)  .004

 ROI-3, 1 yr,  g/cm2 0.83 (0.19) .005 1.03 (0.37) .069 .008

 % change -4.57 (10)  -4.48 (13)  .975

     

 ROI-4, 6 wks, g/cm2 0.72 (0.15)  0.79 (0.23)  .152

 ROI-4, 1 yr,  g/cm2 0.70 (0.16) .102 0.78 (0.24) .684 .090

 % change -3.54 (14)  +0.04 (18)  .365

† P-values between groups were calculated by independent samples T-tests. 
‡ P-values within groups were calculated by paired samples T-tests and reflect the 6 weeks to 1 year change in BMD.

 MoP MoM  P-value†

 N=35 N=35 

Table 3. Serum cobalt, chromium and titanium concentrations (µg/L) in the MoP and MoM groups, 
preoperatively and at follow-up.

  Median Range Median Range 

     

 Cobalt, preoperatively 0.30 0.10-0.50 0.30 0.30-0.60 .114

 Cobalt, 6 wks 0.40 0.20-1.10 1.20 0.60-2.70 .000

 Cobalt, 1 yr 0.40 0.20-3.71 1.70 0.20-8.51 .002

     

 Chromium, preoperatively 0.50 0.50-0.52 0.50 0.50-0.50 .747

 Chromium, 6 wks 0.50 0.50-0.50 0.80 0.50-3.00 .026

 Chromium, 1 yr 0.50 0.50-0.80 2.10 0.70-7.09 .000

     

 Titanium, preoperatively 0.96 0.96-4.79 0.96 0.96-6.22 .477

 Titanium, 6 wks 8.62 3.83-15.3 9.09 5.27-15.8 .450

 Titanium, 1 yr 5.27 0.96-7.66 5.74 3.35-13.4 .145

 

 Cobalt, P-value ‡ .042  .001  

 Chromium, P-value ‡ .368  .000  

 Titanium, P-value ‡ .000  .000  

 MoP MoM  P-value†

 N=15 N=14 

†P-values between groups were calculated by Mann-Whitney tests.
‡ P-values within groups were calculated by Friedman tests (preoperatively versus 6 wks versus 1 yr).
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Clinical scores 
In both the MoM and the MoP group, the HHS and OHS improved significantly from preoperatively 
to one year postoperatively (Table 4). At the one-year postoperative review, there was no 
difference between the two groups. 

Radiographic evaluation 
Radiological analysis at one year postoperatively revealed no subsidence, pedestal formation, 
bone densification, periprosthetic osteolysis, interface deterioration or reactive line formation. 
Two patients (one MoM, one MoP) showed cortical hypertrophy, one (MoP) stem tip sclerosis. 
Two patients displayed bone resorption (2 MoP, Gruen 7). One cyst was present in DeLee & 
Charnley zone 3 (MoM) and one radiolucency in Gruen zone 6 (MoP). Periarticular ossifications 
were seen in 16 patients (grade I: 4 MoM, 5 MoP; grade II: 2 MoM, 5 MoP). 

Analysis of revisions 
We revised three patients (all MoM) within the follow-up period. The first patient experienced 
a clinically unacceptable leg lengthening postoperatively. This was surgically corrected by 
repositioning the (same) femoral component. In the second MoM patient, we noted a head-cup 
mismatch on the postoperative x-ray. The femoral head measured 56 mm but the acetabular 
component could only receive a 50 mm head in its 56 mm shell. We performed the re-operation 
two days later and exchanged the femoral head and taper for the correct size (50 mm head). A 
third MoM patient was revised after two years and three months. The cup was loose. There was 
no metallosis, and no pseudotumour. Infection was ruled out. An Avantage cup (Biomet, Warsaw, 
USA) was placed, accepting a 58 mm polyethylene bipolar head over a 28 mm femoral head. 

Survival 
Cumulative survival at one year, with revision for any reason as the endpoint, was 100% for the 
MoP THA (54 patients at risk) and 96% for the metal-on-metal THAs (95%-confidence interval 
(CI) 90.5-100%; 48 patients at risk). At three years, these rates were 100% (24 patients at risk) 
and 94% (95%-CI 87-100%; 28 patients at risk), respectively. The two survival curves were not 
statistically different (Mantel-Cox log rank test, p = .069). If the third MoM revision as described 
above is regarded as aseptic loosening, then one-year MoM survivorship based on aseptic 
loosening calculates as 100% and three-year survivorship as 98% (95%-CI 94-100%; 29 patients 
at risk; Mantel-Cox log rank test, p = .299). At three years follow-up, one revision is pending, for 
pseudotumour around a metal-on-metal THA. 
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Table 4. Mean and standard deviation of the Harris Hip (HHS) and Oxford Hip Scores in the MoP and MoM 
groups, preoperatively and one year postoperatively

 HHS Oxford HHS Oxford HHS Oxford

 N=49* N=47* N=44* N=43*

Preoperatively 52 (12) 43 (7) 50 (12) 43 (9) .325 .407

1 yr 88 (11) 28 (15) 89 (7) 26 (13) .923 .752

P-value‡ .000 .000 .000 .000  

 M0P MOM P-value †

* N is the number of patients at the 1 year follow-up
† P-values between groups were calculated by Mann-Whitney tests.
‡ P-values within groups were calculated by Wilcoxon’s Signed Rank tests (preoperatively versus 1 yr).



DISCUSSION

Our study evaluated periprosthetic acetabular bone density and serum metal ion levels in MoM 
THA, as compared to MoP THA, by means of a randomised clinical trial. We found that after one 
year, bone density in the MoP patients had decreased in 3/4 regions of interest. In contrast, 
acetabular bone density was retained in the MoM patients, although the two medial regions 
did show a statistical trend towards bone loss. Bone density preservation in the MoM patients 
was most pronounced superior to the cup. We found no relationship between bone density and 
serum metal ion levels, in spite of elevated cobalt and chromium levels with the MoM bearings. 

Stress-shielding is a major reason for periprosthetic bone loss after cementless THA. Finite element 
analysis predicted bone loss medially and bone gain near the prosthetic rim of cementless cups 
[20]. This has been confirmed clinically with DEXA studies [5-7]. We also found the largest losses 
medially (regions 2 and 3), with both prostheses. Based on Wolff ’s law, material properties of 
the shell and bearing, i.e. elasticity and thickness, can be expected to affect acetabular bone 
loading and hence bone density. Titanium alloy (MoP shell) is less stiff than cobalt-chromium-
molybdenum alloy (modulus of elasticity 114, resp. 214 GPa) and hence we expected that the 
Co-Cr-Mo MoM shell would show more bone loss. We found the opposite however: the MoM 
bearings preserved acetabular bone better, especially superior to the cup. The thicknesses of the 
MoM and MoP shells were comparable, although the MoM pole was thicker (6 mm, rim 3 mm; 
MoP 3-4 mm depending on size). The coating of both shells was identical. We do not have a clear 
explanation for our findings. Possibly, the larger diameter of the MoM shell resulted in better 
bone loading, despite the difference in material stiffness. This requires further study. Our results 
are supported by a DEXA study that also described preservation of cranial acetabular bone with 
a large MoM bearing up to two years follow-up [21]. This group compared hip resurfacing with 
a cobalt-chromium shell to conventional THA with a titanium cup and a MoP bearing. On the 
other hand, another group recently did not find significant acetabular BMD differences between 
hip resurfacing and ceramic-on-polyethylene cementless THA [22]. Their study may have been 
underpowered (19 vs. 19 patients). It is known that most periprosthetic acetabular DEXA changes 
occur in the first three months to one year postoperatively, after which a steady state ensues 
with minor changes up to two to three years [6,21,23]. Long- term prospective DEXA studies 
are absent, but CT based bone densitometry suggests that no more changes occur between 
three and ten years [24]. Therefore, one-year BMD values have merit as early and possibly lasting 
indicators of bone remodelling around press-fit cups. 

High concentrations of cobalt and chromium ions associated with MoM bearings have been 
linked to early osteolysis, pseudotumours and high failure rates [10-12]. 

Whether serum metal ions negatively affect bone density is uncertain, but this may be assumed 
from in-vitro studies showing reduced osteoblast proliferation and RANKL/OPG changes 

consistent with osteolysis [10,13]. In our study we found no detrimental effects of metal ions on 
BMD. This may be due to relatively low median ion levels or to an insufficient number of samples. 
The elevated cobalt and chromium levels with MoM bearings in our study were in line with the 
literature [2,8,9] and maximum values were less than mentioned as a risk for metallosis [25]; one 
patient had cobalt and chromium levels higher than 7 μg/L [12]. Titanium levels did not differ 
between bearings, and were actually higher than cobalt and chromium levels; the highest values 
seen at six weeks possibly reflect that the stem had not established bony ingrowth yet. 

Clinically, both prosthetic groups improved significantly from preoperatively to postoperatively 
as judged by HHS and OHS scores. At the one-year review, there was no difference between 
the two groups clinically, nor radiographically. There were no dislocations in either group. The 
number of early failures with the MoM THA was high: 3/50: One leg length discrepancy, one 
head-cup mismatch, one cup loosening. All cases were early in the learning curve (first, second 
and fourth case) of three operating surgeons. Up to three years follow-up, we have had no more 
revisions. Survival for any reason thus calculates as 100% for MoP and 94% for MoM, with no 
significant difference. One revision is pending though, for pseudotumour around a MoM THA. 

Our study has limitations. First of all, we performed DEXA scans only preoperatively, six weeks 
postoperatively (baseline) and after one year, so our follow-up is short. Efforts are underway to 
study these patients over the long term to understand if and when differences in acetabular 
bone density become more or less pronounced. Secondly, we included less than the powered 
41 × 2 patients for the BMD measurements. SD however was less than expected (0.3 versus 0.4), 
meaning that 35 patients in each group render more than 90% power to detect a 0.25 g/cm2 

difference. Thirdly, the MoP cup differed from the MoM cup with respect to three instead of one 
variable: shell alloy, bearing type and head size. This confounds the interpretation of the BMD 
results, but does represent clinical reality and comparison to a THA with an established track 
record. Lastly, the patients and reviewing surgeons were not blinded. Despite its shortcomings, 
this is the first randomised trial to our knowledge to report on acetabular bone density after 
large head MoM THA. 

Acetabular fixation and preservation of bone stock remain of vital importance in THA, especially 
during revision surgery. Given the known high failure rates of stemmed large head MoM THA, 
it is likely that a cup or bearing exchange will be necessary in the future. With this in mind, 
it is reassuring to note that acetabular bone stock was less compromised than expected by 
stress shielding and presence of metal ions. If indeed BMD is retained with these MoM cups, this 
should be a benefit during revision surgery. One could even consider leaving the acetabular 
component in place, and change the bearing to a bipolar MoP system (in our case to an 
Avantage system; Biomet, Warsaw, USA). Nonetheless, the long-term results of such a policy are 
as yet unknown. 
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Contrary to our hypothesis, acetabular bone density was retained with large head MoM THA, 
compared to 28 mm MoP THA at one year postoperatively. Bone preservation was most 
pronounced in the area superior to the cup. This could be of benefit during future revision 
surgery. We closely monitor our patients with large head metal-on-metal bearings and we will 
report on the mid-term results in the future. 
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ABSTRACT

We compared the incidence of pseudotumours after large head metal-on-metal (MoM) total hip 
arthroplasty (THA) with that after conventional metal-on-polyethylene (MoP) THA and assessed 
the predisposing factors to pseudotumour formation. 

From a previous randomised controlled trial which compared large head (38 mm to 60 mm) 
cementless MoM THA with conventional head (28 mm) cementless MoP THA, 93 patients (96 
THAs: 41 MoM (21 males, 20 females, mean age of 64 years, standard deviation (SD) 4) and 55 
MoP (25 males, 30 females, mean age of 65 years, SD 5) were recruited after a mean follow-up of 
50 months (36 to 64). 

The incidence of pseudotumours, measured using a standardised CT protocol was 22 (53.7%) 
after MoM THA and 12 (21.8%) after MoP THA. Women with a MoM THA were more likely to 
develop a pseudotumour than those with a MoP THA (15 vs 7, odds ratio (OR) = 13.4, p < 0.001). 
There was a similar incidence of pseudotumours in men with MoM THAs and those with MoP 
THAs (7 vs 5, OR = 2.1, p = 0.30). Elevated cobalt levels (≥ 5 microgram/L) were only associated 
with pseudotumours in women with a MoM THA. There was no difference in mean Oxford and 
Harris hip scores between patients with a pseudotumour and those without. 

Contrary to popular belief, pseudotumours occur frequently around MoP THAs. Women with a 
MoM THA and an elevated cobalt level are at greatest risk. In this study, pseudotumours had no 
effect on the functional outcome after either large head MoM or conventional MoP THA. 

INTRODUCTION

The use of large head metal-on-metal (MoM) articulations in total hip arthroplasty (THA) has 
been criticised for increasing the risk of pseudotumour formation [1], the incidence of which is 
between 40 and 60% [2-4]. However, there are some case reports of pseudotumours occurring 
with metal-on-polyethylene (MoP) articulations, probably as the result of corrosion at the taper 
junction [5-7]. The incidence of pseudotumour formation with MoP articulations is currently 
unknown. 

We conducted a randomised controlled trial (RCT) to compare large head (38 mm to 60 mm) 
cementless MoM THA with conventional head (28 mm) cementless MoP THA, looking at 
acetabular bone density, ion levels and functional outcome [8]. The one-year results of this trial 
have been published [9]. Because of a Dutch Orthopaedic Society alert about pseudotumour 
formation and increased ion levels after MoM THA [10] we informed our patient group of the 
potential hazards of MoM THA and carried out a screening protocol, according to its guidelines 
[11]. We decided to screen the MoP group as well, in order to compare the two cohorts. 

The primary aim of this study was to compare the incidence of pseudotumours after large head 
(38 mm to 60 mm) MoM THA with that after conventional 28 mm head MoP THA at mid-term 
follow-up. The secondary aim was to compare cobalt levels, functional outcome and radiological 
outcome in both groups to assess their relationship to the type of articulation and pseudotumour 
formation. 
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PATIENTS AND METHODS

The original trial [8,9] was registered in the Dutch Trial Registry (NTR1399). All the patients in 
that trial had non-inflammatory degenerative joint disease of the hip, (osteoarthritis, avascular 
necrosis and traumatic arthritis). 

The MoM patient group (50 patients) had a cementless titanium, plasma-sprayed, porous-coated, 
cobalt-chromium-molybdenum alloy acetabular component (M2a- Magnum, Biomet, Warsaw, 
Indiana) and a cobalt-chromium-molybdenum femoral head with a carbon concentra- tion of 
between 0.23% and 0.28%. Diametrical clearances were 150 μm to 300 μm. Head sizes varied 
between 38 mm and 60 mm, depending on the shell size, which ranged from 44 mm to 66 mm. 
The MoP patient group (54 patients) had a cementless, plasma-sprayed, porous-coated, titanium 
alloy (Ti6Al4V) acetabular component (Mallory-Head, Biomet) with a conventional polyethylene 
liner (ArCom, Biomet) and a 28 mm cobalt-chromium-molybdenum femoral head with a carbon 
concentration of between 0.23% and 0.28%. 

The same cementless femoral component was used in both MoM and MoP groups: a proximally 
plasma-sprayed, porous-coated, titanium alloy (Ti6Al4V) stem (Mallory- Head, Biomet) with an 
11/13 taper. With the patient in the lateral decubitus position, a posterolateral or straight lateral 
surgical approach was used. The choice of implant was determined by concealed allocation. 
Before the operation a sequentially-numbered opaque sealed envelope was opened, which had 
been produced by an external institution not involved in the selection, clinical care or evaluation 
of the patients in this study. 

Screening protocol
In response to the Dutch Orthopaedic Society alert [11], 98 out of 104 patients participating in 
the RCT were found to be eligible and were contacted for pseudotumour screening. The other six 
patients were excluded as they had already been revised or had died during follow- up (Figure 1). 

During the RCT inclusion period, three patients had also undergone a contralateral non-RCT MoP 
THA which was also included in the screening. The screening protocol consisted of a radiological 
assessment (a plain radiograph of the pelvis and CT), assessment of functional outcome (Oxford 
hip score [12] (OHS) and Harris hip score [13] (HHS)) and measurements of serum cobalt levels. In 
total 93 patients responded to our recall (96 THAs: 41 MoM THAs and 55 MoP THAs, Figure 2). The 
five non-responders mainly refused collaboration for logistical reasons. None of these patients 
had undergone revision surgery elsewhere. The baseline characteristics of the two groups were 
comparable (Table 1). 

The local Medical Ethics Committee approved the procedures employed in this study (registration 
number 2011-44).

Figure 1. Flow chart of the randomised controlled trial.

104 patients

50 MoM 54 MoP

3 revisions*
1 deceased

1 revision†

1 deceased

*One stem revision for unacceptable leg lengthening immediately post-operatively; one femoral head and 
adapter change for head/acetabular component  mismatch immediately post-operatively; one acetabular 
component revision due to aseptic loosening at 27 months post-operatively. †One acetabular revision for psoas 
impingement at 3.5 years post-operatively. MoM, metal-on-metal; MoP, metal-on-polyethylene

Figure 2. Flow chart of the 93 patients (96 hips) involved in pseudotumour screening. 

83/98 patients 
respnded to recall

=
96 hips*

41 MoM (CT  + ions) 55 MoP CT  + ions)

*Including three bilateral total hip arthroplasties (THAs): one metal-on-metal-metal-on-polyethylene (MoM-
MoP) and two MoM-MoM THAs.
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Radiological evaluation
The inclination of the acetabular component was measured on a supine anteroposterior pel- vic 
hip radiograph. Inclination angles which exceeded 50° were regarded as outliers [14,15]. The 
CT scans were obtained using a 16-slice CT scanner (Philips, Best, The Netherlands) and viewed 
in a bone window to minimise metal artefact. A metal suppression protocol was not used. 

Window-width to window-level values were set at 2000:650. A CT grading system [16] was used 
to describe the amount of post-operative synovial reaction (Table 2). Grade IV or V findings, which 
consist of a solid, semisolid, or cystic eccentric extension of the capsule, resulting in an increase in 
the volume of the capsule that could not be attributed to an infection, malignancy, bursal or scar 
tissue were classified as a pseudotumour. No minimum size was applied to define a pseudotumour. 
Any thickened capsule, with or without bulging (grade II or III), was recorded but not considered to 
be a pseudotumour. All CT scans were performed and reviewed by an experienced musculoskeletal 
radiologist (MB) who used the same protocol as Bosker et al. [3] and Bisschop et al. [17]. 

Serum cobalt
These levels were measured using inductively coupled plasma mass spectrometry (ICP-MS; Agilent 
7500 series, Agilent Technologies, Lexington, Massachusetts). The reference value for cobalt in our 
laboratory was < 0.40 μg/l. On the basis of guidelines from the Dutch Orthopaedic Society, serum 
cobalt levels were defined as being elevated when they equalled or exceeded 5.0 μg/l [11]. Analysis 
of metal ion levels was undertaken only in the 68 patients with a unilateral THA. 

Functional outcome
Patients completed the OHS as part of their clinical assessment. The HHS was assessed by an 
orthopaedic nursing specialist. Once again, these assessments were restricted to the 68 patients 
with a unilateral THA. Assessors and patients were not blinded. 

Statistical analysis
A per-protocol analysis was performed. Descriptive statistics were used to describe the demo- 
graphic characteristics of the study population. Binary logistic regression analysis was performed 
to assess differences in the risk of pseudotumour formation between MoM THA and MoP THA. 
Gender and follow-up time (i.e. time between surgery and recall) were checked for confounding 
or effect modification. Additionally, we investigated whether having a pseudotumour on the 
contralateral (non-index) side would have an effect on the incidence of pseudotumours on 
the index side. For effect modification, a p-value of ≤ 0.10 of the interaction term was used to 
indicate significance. MoP THA was used as the reference group, hence an odds ratio (OR) > 1 
indicates higher odds for pseudotumour formation in MoM THA, whereas OR < 1 indicates higher 
odds for pseudotumour formation in MoP THA. For the analyses of cobalt levels and functional 
scores (OHS and HHS), only patients with a unilateral THA were included as bilateral THAs may 
affect the serum cobalt levels and functional outcome. Chi-squared and Fisher’s exact tests were 
used to assess associations between cobalt ion levels and pseudotumour formation. These 
tests were also used to assess associations between inclination of the acetabular component, 
pseudotumour formation and serum cobalt levels. 

Because the original RCT was not powered to investigate the incidence of pseudotumour, a 
post hoc power analysis was performed based on the results of the recall. Statistical analysis 
was performed using IBM-SPSS Statistics v20.0 (IBM, Armonk, New York). A p-value ≤ 0.05 was 
considered to be statistically significant. 

Table 2. CT-grading system for pseudotumours 16

Grade Description Criteria

I Normal or acceptable Thickening of the capsule up to 4 mm to 6 mm

II Reactive Thickened capsule > 6 mm with or without bulging but not  

  more than the neck of the prosthesis and without eccentric  

  enlargement with regard to the capsule

III Mild MoM disease Consists of a bulging capsule both anterior and posterior

IV Moderate MoM disease Represents eccentric bulging or enlargement of the capsule,  

  which is often seen inferomedial to the prosthetic head

V Severe MoM disease Is reserved for situations mimicking bursitis, often  

  posterolaterally with extensive filling of the subtrochanteric  

  bursa, or anteriorly by filling of the iliopectineal bursa, which  

  can extend quite impressively intra-abdominally

MoM, metal-on-metal

Table 1. Demographics and surgical characteristics of metal-on-metal (MoM) and metal-on-polyethylene 
(MoP) THA

 MoM THA MoP THA  P-value

 

Gender (male/ female) 21/20 25/30 0.85, chi-squared test

Mean age (yrs) (SD) 64 (4) 65 (5) 0.25, Student’s t-test 

Mean follow-up (mths) (SD) 50.4 (7.0) 49.7 (6.7) 0.60, Student’s t-test 

Surgical approach (posterolateral/ direct lateral) 27/14 30/25 0.26, chi-squared test

THA, total hip arthroplasty; SD, standard deviation
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RESULTS

The mean duration of follow-up at the time of the recall was 50 months (36 to 64). 

CT
All 93 patients (96 THAs) had a CT scan. Of these, 22 MoM (53.7%) and 12 MoP THAs (21.8%) 
were associated with a pseudotumour. Four patients had a pseudotumour on the contralateral 
(non-index) side. Three of these had a MoM prosthesis on the non-index side and one a MoP 
prosthesis. Having a pseudotumour on the non-index side appeared not to be a confounding 
factor. Logistic regression analysis of articulation type and pseudotumour incidence determined 
gender to be a significant effect modifier (Table 3: model 1). Therefore, separate logistic regression 
analyses were performed for men and women. In men, there was no significant difference in the 
incidence of pseudotumours between MoM and MoP (model 2A: 7 vs 5; OR = 2.1, p = 0.30, 95% 
confidence interval (CI) 0.5 to 8.6), whereas in women the risk of developing a pseudotumour 
was 13.4-times higher with a MoM articulation than with MoP (model 2B: 15 vs 7; OR = 13.4, p < 0.001, 
95% CI 3.2 to 56.1), regardless of follow-up time. Larger head diameters were used in men 
(ranging from 46 mm to 56 mm) than in women (ranging from 42 mm to 48 mm). However, the 
number of hips was too small to determine whether being female or having a smaller head size 
influenced the increased incidence of pseudotumour. 

The post hoc power analysis showed that this study had an adequate power of 91% (with an alpha 
of 0.05) to detect a difference in the incidence of pseudotumours between MoM THA and MoP THA.

Cobalt 
Of the 93 patients, 68 had a unilateral THA. These patients were included in the analyses of cobalt 
levels (Tables 4 and 5). Irrespective of a MoM or MoP prosthesis and gender, no difference was 

found in the incidence of pseudotumours between patients with normal or elevated serum 
cobalt levels (≥ 5 microgram/L) (p = 0.41, Fisher’s exact test). Separate analyses for men and 
women also showed no difference in the incidence of pseudotumours between men with normal 
or elevated serum cobalt levels (p = 0.54, Fisher’s exact test). However, significantly more women 
with elevated serum cobalt levels had pseudotumours, compared with women with normal 
serum cobalt levels (p = 0.03, Fisher’s exact test). In fact, all four women with an elevated serum 
cobalt level had a pseudotumour, compared with none of the three men. Elevated serum cobalt 
levels were seen in six of the 25 patients with a unilateral MoM prosthesis but in only one of the 
43 MoP THAs (p = 0.01). None of the patients with a MoP articulation and a pseudotumour had 
an elevated cobalt level. There was no difference in the incidence of elevated serum cobalt levels 
between unilateral MoM and MoP prostheses (p = 0.55, Fisher’s exact test) in men. However, 
significantly more women with a MoM THA than a MoP THA (4 vs 0, p = 0.01) had an elevated 
serum cobalt level. 

Table 3. Logistic regression analysis of articulation type and pseudotumour incidence 

  B p-value OR 95% CI

Model 1 Prosthesis type* 0.69 0.31 2.0 0.5 to 7.6

 Gender 0.15 0.82 1.2 0.3 to 4.2

 Interaction term prosthesis type and gender 1.86 0.06 6.4 0.9 to 44.1

Model 2A: males Prosthesis type* 0.74 0.30 2.1 0.5 to 8.6

 Follow-up time -0.10 0.05 0.90 0.8 to 1.0

Model 2B: females Prosthesis type* 2.6 < 0.001 13.4 3.2 to 56.1

 Follow-up time 0.08 0.21 1.1 0.96 to 1.2

*Reference group: metal-on-polyethylene total hip arthroplasty
B, regression coefficient; OR, odds ratio; CI, confidence interval

Table 5. Cobalt levels in relation to pseudotumour presence, gender and articulation type

  Normal cobalt level  Elevated cobalt level  p-value 

  (< 5.0 µg/l) (≥ 5.0 µg/l) (Fisher’s exact test)

Pseudotumour (MoM + MoP) No 40 3  0.41

 Yes 21 4 

Males (articulation type) MoM 12 2 0.55

 MoP 20 1 

Males (pseudotumours) No 22 3  0.54

 Yes 10 0 

Females (articulation type) MoM 7  4 0.01

 MoP 22 0 

Females (pseudotumours) No 18  0 0.03

 Yes 11 4 

MoM, metal-on-metal; MoP, metal-on-polyethylene

Table 4. Cobalt levels of unilateral total hip arthroplasties (THA)

 MoM THA MoP THA p-value

   (Fisher’s exact test)

Number of hips 25 43  

Cobalt level (normal; < 5.0 µg/l / elevated; ≥ 5.0 µg/l) 19/6  42/1 0.01

MoM, metal-on-metal; MoP, metal-on-polyethylene
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Inclination
In the MoM group, acetabular component inclination over 50° showed a trend towards an 
increased incidence of pseudotumours (15 out of 21) when compared with an inclination of 40° 
to 50° (seven out of 16). However, this was not statistically significant (p = 0.09, chi-squared test). 
In the MoP group, increased inclination was not associated with pseudotumour formation at 
all, when compared with an inclination of 40° to 50° (seven out of 24 vs five out of 28, p = 0.34, 
chi-squared test). Additionally, no statistically significant association between ion levels and 
inclination was found for the MoM group: in THAs with an increased acetabular inclination, three 
out of 15 showed elevated cobalt levels versus two out of eight THAs showing elevated cobalt 
in patients with an inclination of 40° to 50° (p = 1.00). In the MoP group, only one MoP THA 
showed elevated cobalt levels, however, inclination data were missing for this case and therefore 
no statistics could be applied. 

Functional outcome
Functional outcome (HHS and OHS) did not differ between MoM and MoP THA (Table 6) whether 
a pseudotumour was present or not. Regardless of the type of prosthesis, patients with a 
pseudotumour even performed slightly better compared with patients without a pseudotumour: 
mean OHS 45.2 (36 to 48) versus mean 40.6 (17 to 48), (p = 0.03, Mann–Whitney U test) (Table 7). 

DISCUSSION

The primary aim of this study was to assess the incidence of pseudotumour after large head MoM 
THA and to compare it with that of conventional MoP THA. We report an overall incidence of 22 
(53.7%) pseudotumours in MoM THAs, compared with 12 (21.8%) in MoP THAs at medium-term 
follow-up (50 months: 30 to 64). The 53.7% incidence accords with the incidence of 40% to 60% 
previously reported for MoM THA [2-4]. However, the 20% incidence of pseudotumours in MoP is 
a new finding. Moreover, this is the first randomised study in which the radiological incidence of 
pseudotumours after MoM THA and MoP THA has been compared. 

We also aimed to compare cobalt levels, functional outcome and radiological outcome in both 
groups to assess their relationship to pseudotumour formation. We found an increased risk of 
pseudotumour development in women with a large head MoM THA. This female preponderance 
has been described before [1,18,19]. Factors assumed to play a role are a smaller head size in 
women and increased femoral anteversion [18]. It has been suggested that women might be at 
greater risk of developing a delayed hypersensitivity reaction to metal debris because of previous 
metal sensitisation caused by jewellery [1,19].

Elevated serum cobalt levels were found more often with MoM THA than with MoP THA. All women 
who had a MoM THA and elevated cobalt levels developed a pseudotumour. Interestingly, there 
was no relationship between elevated serum cobalt levels and pseudotumour formation in men. 
This supports the assumption of a higher suscepti- bility in women. 

The relationship between cobalt levels and pseudotumour formation is a subject of continuing 
debate. An ultrasound study [2] of 31 asymptomatic patients with a MoM THA did not show a 
relationship between ion levels and size of pseudotumour. Another study of 90 revised MoM 
THAs found no relationship between an elevated cobalt level and the amount of periprosthetic 
tissue damage assessed pre-operatively [20]. However, Bosker et al. [3] reported a four-fold 
increased risk of pseudotumour formation in patients with a MoM THA and an elevated serum 
cobalt level (> 5.0 μg/l). 

We did not find a statistically significant relationship between increased acetabular inclination (> 
50°) and elevated ion levels or pseudotumour formation. This accords with several other studies 
[3,17,21].

Surprisingly, patients with a pseudotumour did not perform worse in tests of functional outcome, 
which is in line with previous research [3]. Remarkably, they even had a better OHS score (45.2 
vs 40.6) than patients without a pseudotumour. Although statistically significant, this difference is 
not assumed to be clinically relevant. Judge et al.22 investigated the Patient Acceptable Symptom 
State (PASS) score of the OHS, which indicates the cut-off point above which a patient is defined 

Table 7.  Functional outcome versus pseudotumour presence

 No pseudotumour Pseudotumour p-value  

 (n=40, 3 missing) (n=24, 1 missing) Mann-Whitney U test

Mean HHS (range) 89.6 (54 to 100) 96.0 (81 to 100)* 0.07

Mean OHS (range) 40.6 (17 to 48) 45.2 (36 to 48)† 0.03

HHS, Harris hip score; OHS, Oxford hip score

Table 6. Functional outcome versus metal-on-metal (MoM)/metal-on-polyethylene (MoP) total hip arthroplasty

 MoM (n=25) MoP (n=39, 4 missing) p-value, Mann-Whitney U test

Mean HHS (range) 93.2 (66 to 100) 91.2 (54 to 100) 0.83

Mean OHS (range) 43.1 (24 to 48) 41.8 (17 to 48) 0.68

HHS, Harris hip score; OHS, Oxford hip score
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as having a clinically relevant satisfactory functional outcome after THA. They found that for the 
OHS, a PASS score of ≥ 40 meant that 95.6% of the THA patients were identified as satisfied with 
THA. Both MoM and MoP groups in our study had OHS scores above this cut-off point. Additionally, 
the high HHS found in this study indicates that both groups of patients had excellent function 
of the hip joint [23]. Both posterolateral and lateral surgical approaches were used. Although a 
Cochrane Review by Jolles and Bogoch [24] suggested no difference in functional results after both 
approaches, recent evidence suggests a better functional outcome in patients with a posterolateral 
approach [25]. However, since both approaches were used equally over both MoM and MoP groups 
(Table I), we do not consider this to be a confounding factor for functional outcome. 

Several pathophysiological processes can give rise to pseudotumours after THA. Firstly, after MoM 
THA, they are generally assumed to be the result of an adverse reaction to metal debris (ARMD) [26]. 
The oft-used term aseptic lymphocytic vasculitis-associated lesion (ALVAL) is an interpretation of 
the histological findings and points to a hypersensitivity reaction to metal which pre- dominantly 
involves lymphocytes. ARMD, however, can also represent a local tissue reaction to metal wear 
caused by macrophages and to a lesser extent by lymphocytes [27].

Secondly, in MoP THA, pseudotumours are described as being caused by ‘particle disease’. This 
consists of a chronic granulomatous inflammatory tissue reaction to polyethylene wear particles, 
resulting from the activation of mac- rophages and sometimes of giant cells [28]. However, tissue 
reactions around MoP and MoM THAs may also overlap histologically, because MoP THAs also 
release metal wear particles and ions, owing to fretting corrosion at the modular femoral head-
neck junction [29]. Recently, several case-reports have described pseudotumour formation in MoP 
THAs [5-7,30,31], caused by so-called ‘trunnionosis’ [32].

Overall, we assume that the pseudotumours found in the MoM THA group were caused by ARMD. 
In the large head MoM prosthesis manufactured by Biomet, three junctions can contribute to 
metal debris and ion release [3,33]; the articulating couple of the large cobalt-chromium metal 
head and shell, the titanium taper-adapter junction, which may give rise to fretting corrosion and 
the junction between the titanium adapter sleeve and the cobalt-chromium head which may be a 
possible source of both galvanic and fretting corrosion. 

The pseudotumours found in the MoP THA group can theoretically be caused by both ARMD and 
polyethylene particle disease. It seems less reasonable, however, to attribute the pseudotumours 
seen in this study to polyethylene-particle disease as radiographs did not show excessive 
polyethylene wear. A more plausible explanation would be trunnionosis, despite the fact that we 
used small diameter (28 mm) modular heads and had a correct taper match. Galvanic corrosion is 
likely to be the main cause, as a cobalt-chromium head was mated to a titanium alloy stem [34]. 
Whether or not a ceramic head would have prevented pseudotumour formation by eliminating 
galvanic corrosion remains to be proven.

We present two comparable groups with similar follow-up. However, our study also has 
some limitations. Patients and assessors were not blinded for the type of hip prosthesis. This 
could potentially lead to reporting bias. The CT assessment was focused on the presence of a 
pseudotumour. Unfortunately, the settings used were not suitable to assess version of the femoral 
stem and acetabular component. Furthermore, there are no histological diagnoses as we did 
not take a biopsy in our patients. Hence, our study is an imaging study, using CT to describe the 
radiological incidence of pseudotumour, looking at periprosthetic masses whether cystic, solid or 
a combination of both. 

Despite the high incidence of pseudotumour, especially in our MoM THA cohort (53.7%), no 
revisions have yet been performed for reasons of pseudotumour formation. We have advised our 
patients with a pseudotumour on the various risks and benefits of revision surgery, however, in 
light of the good functional results of their THA, they have not to date opted for revision surgery. 
We will continue to monitor these patients closely according to the Dutch guidelines. 

This study shows that pseudotumour formation is not solely confined to MoM bearings. We have 
found that if the established vigorous pseudotumour protocols are applied to patients with a MoP 
articulation, 20% are likely to be diagnosed with a pseudotumour. Women with a MoM THA and an 
elevated cobalt level are at greatest risk for pseudotumour formation. Functional outcome scores 
are no worse in patients with a pseudotumour. 
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ABSTRACT

We compared the incidence of pseudotumours after small head metal-on-metal (SHMoM) 
total hip arthroplasty (THA) with that after conventional metal-on-polyethylene (MoP) THA and 
assessed predisposing factors to pseudotumour formation. 

From a previous randomised controlled trial which compared SHMoM (28 mm) cemented THA 
with conventional MoP cemented THA, 56 patients (33 MoP and 23 MoM) were recruited after 
mean follow-up of 13.4 years (SD 0.5). 

The incidence of pseudotumours, measured using a standardised CT protocol was 1 (4.5%) after 
SHMoM THA and 3 (9.4%) after MoP THA. Prosthesis survival was 96% for both SHMoM and 
MoP THAs. Serum cobalt levels did not exceed acceptable clinical values (<5 mg/L) whereas no 
differences in cobalt levels were detected at follow-up between both groups. Oxford and Harris 
hip scores were good and did not differ between SHMoM and MoP THA.

This long-term follow-up study shows a low incidence of pseudotumour formation and good 
functional outcome in cemented head-taper matched SHMoM and MoP THA.

INTRODUCTION

Total hip arthroplasty (THA) has proven to be an excellent treatment for disabling osteoarthritis 
of the hip. Since Sir John Charnley, the metal-on-polyethylene (MoP) bearing has been the gold 
standard, outperforming the first-generation metal-on-metal (MoM) THAs like the McKee THA 
[1]. However, polyethylene (PE) wear leading to particle-induced osteolysis and component 
loosening has been considered a drawback of the MoP articulation couple. Therefore, in the 
late 1980s, second generation MoM bearings were developed, with improvements in fixation, 
metallurgy, sphericity and radial clearance. These new MoM designs showed promising wear 
performances [2,3], but due to the lack of comparative clinical trials, in the late 1990s our institute 
performed a randomised controlled trial (RCT) to compare clinical performance of small head 
(SH) MoM with small head MoP THA (both 28 mm femoral head diameter). Secondary outcomes 
were cobalt ion levels, radiology and survival. The 5 and 10-year follow-up data have been 
published previously, showing no difference in clinical performance [4,5]. In one SHMoM THA 
signs of aseptic lymphocytic vasculitis-associated lesions (ALVAL) were observed during revision, 
leading to a conclusion in favour of MoP THA, due to the concerns about the biological effects of 
large head (LH) MoM THA in the absence of improved clinical performance. 

During follow-up, due to the alerting reports on pseudotumour formation and increased ion 
levels in large head THA and resurfacing MoM articulations [6], our institute decided to recall 
all MoM THA patients. All available patients were screened for the presence of pseudotumours 
according to the guidelines, issued by the Dutch Orthopaedic Society [7]. The MoP study cohort 
of the RCT was screened as well, in order to compare both MoM and MoP cohorts.

The primary aim of this study was to compare the incidence of pseudotumours in SHMoM THA 
with conventional MoP THA after long-term follow-up. The secondary aim was to compare cobalt 
levels, functional outcome and radiological outcome in both groups to assess their relationship 
to articulation type and pseudotumour formation. 
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MATERIALS AND METHODS

The initial study compared cemented SHMoM THA with MoP THA [4]. Study design and procedures 
were approved by the local Medical Ethics Committee (METC 97-19). Patients included suffered 
from non-inflammatory degenerative joint disease of the hip. Five orthopaedic surgeons and two 
orthopaedic residents performed the surgery via a posterolateral or direct lateral approach in 
lateral decubitus position. Antibiotic prophylaxis with a first-generation cephalosporin was given 
for twenty-four hours intravenously. Third-generation cementing techniques were used. 

The MoM patient group (101 patients, 102 hips) received an M2A® cup (Biomet, Warsaw, IN, USA), 
manufactured by moulding a block of conventional PE (ArCom, Biomet) around a highly-polished 
cobalt-chromium-molybdenum alloy bearing insert. The MoP patient group (97 patients, 98 
hips) received a cemented conventional PE acetabular component (ArCom, Biomet). A Stanmore 
cemented femoral stem was used, combined with a 28 mm modular femoral head, both made 
of a cobalt-chromium-molybdenum alloy. The choice of implant was determined by concealed 
allocation. 

Screening protocol
99 out of 195 patients participating in the original RCT were found to be eligible and were 
contacted for pseudotumour screening. The other 96 patients were excluded because they already 
deceased (90) or underwent revision surgery (6) during follow-up (Figure 1). Twenty-nine patients 
had undergone a contralateral (non-RCT) MoP THA, which was also included in the pseudotumour 
screening. The screening protocol consisted of a radiological assessment (plain radiograph of the 
pelvis and CT), assessment of functional outcome (Oxford Hip Score [8] (OHS) and Harris Hip Score 

[9] (HHS)) and measurements of serum cobalt levels. In total 56 patients responded to the recall 
(33 MoP THA and 23 MoM THAs) (Figure 2). There were 43 non-responders: three patients refused 
cooperation, one patient had dementia and the other 39 (19 MoM, 21 MoP) patients were lost to 
follow-up and could not be traced. The baseline characteristics of the two groups were comparable, 
except for the surgical approach, with a mean age of almost 80 years at follow-up (Table 1). The local 
Medical Ethics Committee approved the procedures employed in this study (METC 2011-44).
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Table 1. Demographics and surgical characteristics MoM vs. MoP 

  MoM THA (n=23) MoP THA (n=33) p-value

Sex (male/female)  6/17 7/26 0.67

Mean age (years (SD)) 78.8 (5.7) 78.7 (6.5) 0.93

Mean follow-up (years (SD)) 13.2 (0.4) 13.5 (0.5) 0.06

Surgical approach  19/4 19/14 <0.05

(posterolateral/direct lateral)

Abbreviations: MoM: metal-on-metal, MoP: metal-on-polyethylene

Figure 2. Flow chart of the 56 patients involved in pseudotumour screening

56/99 patients 
responded to recall =

56 THAs

23 MoM 33 MoP

Nota bene: 29 patients with contralateral non-RCT MoP THA (27 unilateral patients left for cobalt and HHS/OHS 
measurements)

Figure 1. Flow chart of the randomised controlled trial

195 patients* 

2 revisions #

40 deceased$

4 revisions§

54 deceased$

98 MoP 102 MoM

* incl 5 bilateral THAs: 1 MoM/MoM, 1 MoP/MoP, 3 MoP/MoM
# total revisions for aseptic loosening, cultures negative 
§ 2 acetabular revisions for aseptic loosening (one suggestive of ALVAL), 1 acetabular revision for instability, 1 
prosthesis removal (girdlestone) for aseptic loosening
$ 1 bilateral MoM/MoM, 2 bilateral MoM/MoP, 1 bilateral MoP/MoP



Radiological evaluation
Conventional hip radiographs as well as computed tomography (CT) were performed. CT scans 
were obtained using a 16-slice CT scanner (Philips, Best, The Netherlands) and viewed in a bone 
window to minimize metal artifact. A metal suppression protocol was not used. Window-width 
to window-level values were set at 2000:650. A CT grading system [10] was used to describe the 
amount of post-operative synovial reaction (Table 2). Grade IV or V findings, which consist of a solid, 
semisolid, or cystic eccentric extension of the capsule, resulting in an increase in the volume of the 
capsule that could not be attributed to an infection, malignancy, bursal or scar tissue were classified 
as a pseudotumour. No minimum size was applied to define a pseudotumour. All CT scans were 
performed and reviewed by an experienced musculoskeletal radiologist (MB) using the same 
protocol as in previous studies on MoM THA [11-13].

The inclination of the acetabular component was measured on a supine anteroposterior pelvic hip 
radiograph. Inclination angles which exceeded 50° were regarded as outliers [14,15]. Acetabular 
radiolucent lines were described according to Delee and Charnley [16], femoral radiolucent lines 
were described according to Gruen et al. [17]. Radiological cup loosening was defined according 
to the Zicat criteria [18]. Polyethylene wear was estimated using single image analysis with Roman 
software [19].

Serum cobalt
Serum cobalt levels were measured using inductively coupled plasma mass spectrometry (ICP-MS; 
Agilent 7500 series, Agilent Technologies, Lexington, Massachusetts). The reference value for cobalt 
in our laboratory was <0.40 µg/L. On the basis of guidelines from the Dutch Orthopaedic Society, 
serum cobalt levels were defined as being elevated when they equalled or exceeded 5.0 µg/L [7]. 

Functional outcome
Patients completed the OHS as part of their clinical assessment. The HHS was assessed by an 
orthopaedic nursing specialist. Assessors and patients were not blinded. 

Statistical analysis
Descriptive statistics were used to describe the demographic characteristics of the study population. 
Binary logistic regression analysis was performed to assess differences in the risk of pseudotumour 
formation between MoM THA and MoP THA. Gender and follow-up time were checked for 
confounding or effect modification. Additionally, we investigated whether having a pseudotumour 
on the contralateral (non-index) side would have an effect on the incidence of pseudotumours 
on the index side. For effect modification, a p-value of ≤ 0.10 of the interaction term was used 
to indicate significance. For the analyses of cobalt levels and functional outcome (OHS and HHS), 
only patients with a unilateral THA (n=27) were included as bilateral THAs may affect the serum 
cobalt levels and functional outcome. Mann-Whitney U test was used to determine a significant 
difference in serum cobalt levels at recall between MOM and PE. Chi-squared and Fisher’s exact 
tests were used to assess associations between cobalt ion levels and pseudotumour formation, 
and between inclination of the acetabular component, pseudotumour formation and serum cobalt 
levels. To assess differences in (the recovery of) physical functioning between the MOM and PE 
group, generalized estimating equations (GEE) analyses were performed (exchangeable working 
correlation structure and robust estimation of the covariance matrix). Data were checked for effect 
modification and confounding.

Statistical analysis was performed using IBM-SPSS Statistics v23 (IBM, Armonk, New York). A p-value 
≤0.05 was considered to be statistically significant.
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Table 2. CT-grading system for pseudotumours [11]

Grade Description Criteria

I Normal or acceptable thickening of the capsule up to 4-6 mm. 

II Reactive thickened capsule > 6 mm with or without bulging but not  

  more than the neck of the prothesis and without excentric  

  enlargement with regard to the capsule

III Mild MoM disease consists of a bulging capsule both anterior and posterior 

IV Moderate MoM disease represents excentric bulging or enlargement of the capsule,  

  which is often seen inferomedial to the prosthetic head

V Severe MoM disease is reserved for the so called bursitis mimicker, often  

  posterolaterally with extensive filling of the bursa  

  subtrochanterica, or anteriorly by filling of the bursa  

  iliopectinea, which can extend quite impressively into the  

  abdominal compartment



RESULTS

The mean duration of follow-up at the time of the recall was 13.4 years (SD 0.5; range 13-14 years). 
Survival was 96% for both MoM and MoP THAs (Figure 3). None of the revisions was primary 
pseudotumour-related, however in one MoM acetabular revision (33 months p.o.) because of 
component loosening, histology was suggestive of ALVAL (Figure 1).

CT
Fifty-four patients (22 MoM, 32 MoP) had a CT scan (2 patients refused due to claustrophobia). Of 
these, 1 MoM (4.5%) and 3 MoP THAs (9.4%) were classified as having a pseudotumour (p=0.64). 
One patient (MoP) had a pseudotumour on the contralateral (non-index) side. Logistic regression 
analysis of articulation type and pseudotumour incidence determined gender and follow-up 
time to be significant confounders, and no effect modification was observed. 

Cobalt
Of the 56 patients, 27 had a unilateral THA (10 MoM, 17 MoP). These patients were included in 
the analyses of cobalt levels. None of these patients had elevated cobalt levels. Taking also the 
patients with bilateral THAs into account, additionally only one patient had cobalt levels ≥5mg/l 
(7,39 mg/L). This concerned a female with a MoM THA and a contralateral non-RCT MoP cemented 
THA with no signs of pseudotumour on CT and well-functioning hips (HHS 91, OHS 20). As a 
consequence, none of the patients with a pseudotumour on CT showed elevated cobalt levels.

At recall, median cobalt levels did not differ between MoM (1.25 mg/L, range 0.34-4.09) and MoP 
THA (0.6 mg/L, range 0.5-4.0). 

In both groups cobalt levels gradually increased over time. However, no difference between both 
groups were noted and overall, cobalt levels did not exceed acceptable clinical values. 

Radiological outcome
Radiographs were obtained from all 56 patients and acetabular component inclination angles 
were measured for all 56 patients. Both groups, MoM and MoP, showed comparable inclination 
ranges. No correlation could be found between higher inclination values and elevated cobalt 
levels or the existence of pseudotumours. 

Periprosthetic radiolucent lines were observed in MoM as well as MoP THAs. However, no 
differences in pattern or incidence of radiolucent lines were found between these both 
groups (Table 3). Furthermore, no correlation could be found between radiolucent lines and 
pseudotumour existence. Radiological loosening was seen in 1 MoM (cup + stem) and 1 MoP 
(cup) THA. The first patient (aged 89) was wheelchair-bound (due to severe epilepsy and after 
contralateral hip surgery) and declined a revision operation (HHS 53, OHS 38). The second patient 
(aged 83) was asymptomatic (HHS 90, OHS 26), with no signs of excessive PE wear. PE wear was 
determined for all 33 MoP THAs. The mean overall PE wear was 1.6 mm (SD 0.7). The two MoP 
THAs associated with pseudotumour formation on CT did not show excessive PE wear (resp. 0.9 
and 1.3 mm). 

Functional outcome
Functional outcome (HHS and OHS) did not differ between MoM and MoP THA (Table 4). Also, the 
presence of a pseudotumour did not significantly influence the HHS or OHS (Table 5).
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Figure 3. Kaplan-Meier survival curve describing survival of both MoM and MoP THAs after a mean follow-
up of 13.4 years. End point was defined as revision of any component

    prosthesis
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Table 4a. Results of GEE analysis of Harris Hip Scores per type of prosthesis

Effect  Regression coefficient (95% CI) P-value

Prosthesis type  1.0 (-1.6, 3.6) 0.45

 Preoperative 0a 

Time 5 yr 40.1 (35.9 , 44.4) <0.001

 10 yr 39.4 (35.8 – 43.0) <0.001

 Recall 37.1 (32.6, 41.6) <0.001

Reference group: PE.
a Set to zero because the preoperative measurement was used as reference.

Table 3. Number of hips with radiolucent lines at recall

Zone MoM (N=23) MoP (N=33) p-value

Stem (Gruen)      

1 2 3 1.00+

2 1 0 0.41+

3 1 0 0.41+

4 1 0 0.41+

5 1 0 0.41+

6 1 1 1.00+

7 1 1 1.00+

Cup (Delee)      

1 9 12 0.83*

2 3 8 0.50+

3 3 5 1.00+

No of hips with radiolucency 10 (43%) 16 (48%) 0.71

*Chi-square test
+ Fisher’s Exact test

Table 5a. Results of GEE analysis of Harris Hip Scores per presence of pseudotumour

Effect  Regression coefficient (95% CI) P-value

Pseudotumour  -6.8 (-15.4, 1.7) 0.12

 Preoperative 0a 

Time 5 yr 40.1 (35.7, 44.5) <0.001

 10 yr 39.6 (35.9 – 43.3) <0.001

 Recall 36.9 (32.3, 41.5) <0.001

Reference group: no pseudotumour
a Set to zero because the preoperative measurement was used as reference.

Table 5b. Results of GEE analysis of Oxford Hip Scores per presence of pseudotumour

Effect  Regression coefficient (95% CI) P-value

Pseudotumour  0.8 (-3.7 – 5.4) 0.72

 Preoperative 0a 

Time 5 yr -23.4 (-25.8, -21.1) <0.001

 10 yr -16.4 (-19.5, -13.3) <0.001

 Recall -14.9 (-18.1 - -11.8) <0.001

Reference group: no pseudotumour
a Set to zero because the preoperative measurement was used as reference.

Table 4b. Results of GEE analysis of Oxford Hip Scores per type of prosthesis

Effect  Regression coefficient (95% CI) P-value

Prosthesis type  0.6 (-2.0, 3.3) 0.64

 Preoperative 0a 

Time 5 yr -23.5 (-25.8, -21.2) <0.001

 10 yr -16.2, (-19.2, -13.2) <0.001

 Recall -15.3 (-18.4, -12.2) <0.001

Reference group: PE.
a Set to zero because the preoperative measurement was used as reference.
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DISCUSSION

The primary objective of this study was to compare the incidence of pseudotumours in SHMoM THA 
with conventional MoP THA after long-term follow-up. Both types of THA showed a comparable 
low incidence of pseudotumour formation of 4.5% and 9.4% respectively after a mean follow-
up of more than 13 years. In our recent study on pseudotumour incidence in LHMoM THA vs. 
conventional MoP THA, remarkably much higher incidences were found (53.7% and 21.8% resp.), 
using the same CT-screening protocol [13]. We stated pseudotumour formation to be caused by 
an adverse tissue reaction to metal debris (ARMD) and it also, hypothetically at least in MoP THAs, 
could be a consequence of an adverse reaction to polyethylene particles (‘particle disease’). Several 
considerations can be made to explain the differences we found in radiological pseudotumour 
incidence between the SHMoM and LHMoM THA in our two studies. The most important aspect 
is the fact that, apart from the different femoral head sizes, different taper connections have been 
used. In our previous study, the large head (38-60 mm) MoM THA consisted of a titanium stem 
taper-adapter junction and a cobalt-chromium head and shell. The small head (28 mm) Stanmore 
MoM THA used in our present study consists of a cobalt-chromium stem taper connecting with a 
cobalt-chromium head and acetabular inlay. It is known that dissimilar alloy combinations in taper 
connections are more prone to galvanic and fretting corrosion [20,21]. 

Another aspect is the increased moment arm from the center of the head to the center of the 
pressure on the trunnion in the LHMoM THAs. This leads to increased torsion and friction at the 
taper junction, resulting in increased corrosion and eventually even in taper fractures [20,22]. 
Furthermore, the use of the adapter-sleeve in the LHMoM THA cohort results in three taper 
junctions potentially contributing to corrosion and metal debris formation. 

As there was a lower incidence of pseudotumours in SHMoM THA, there also was a lower 
pseudotumour incidence (9.4%) in the cemented MoP THA study cohort in comparison with 
the incidence (21.8%) in our previous study with uncemented MoP THA. Again, a possible 
explanation could be the taper connection. The cemented Stanmore MoP THA in the present 
study has a CoCr-CoCr stem taper-head connection, whereas the uncemented Malloryhead 
MoP THA of our former study consists of a Ti-CoCr taper connection; again, a dissimilar alloy 
combination, causing galvanic and fretting corrosion. 

Survival, defined as revision for any reason, after 13.4 years was 96% for both MoM and MoP THAs 
in our study. Considering the NICE-criteria [23] (hip arthroplasties should have an overall survival 
after 10 years of >95%), we could assume that the SHMoM THA is a suitable option for clinical 
practice. Previous studies also did report on rather reasonable survivals of SHMoM THAs. Innmann 
et al. reported on 100 SHMoM THAs (Metasul) with only 1.2% MoM-related revisions after 13 
years [24]. Neumann et al. reported a 10-year survival of 96% for the acetabular component in 
an uncemented SHMoM THA (Lubrimet) [25]. Two studies on uncemented Metasul SHMoM THAs 

reported long-term survival of resp. 96% after 13 years and 100% after 12 years [26,27]. Hwang 
et al. described also a long-term follow-up study of uncemented Metasul SHMoM THAs with 
97.8% survival for the cup at 18.4 years [28]. However, the same authors reported in 2014 an 
incidence of 19.7% pseudotumours based on CT screening of their MoM cohort, 2 of them being 
symptomatic [29]. This evidently higher pseudotumour incidence compared to our small head 
MoM cohort is probably explained by the fact that an uncemented titanium stem matched with 
a CoCr head was used.

Recently Lombardi et al. published results on their experience with a SHMOM THA (uncemented 
M2a Taper) [30]. Aseptic component survival after 10 years was 96%, after 15 years 92% and 
after 19 years 73%. 70% of revisions (14/20) performed were related to ARMD. Lübbeke et al. 
compared SHMoM THAs (Metasul inlay in metal-backed uncemented titanium shell with PE 
surface) with CoP (ceramic on PE) THAs and reported an incidence of 1.1% ARMD in revisions of 
MoM THAs [31]. After 10 years the revision rate clearly increased for the MoM cohort, probably 
due to late adverse reactions to metal. All pseudotumours occurred in THAs in which revisions 
were performed more than 12 years postoperatively. Survival of MoM and CoP cohorts were 
comparable after 10 years of follow-up, however after 12 years the MoM cohort showed a 
significantly decreased survival (91.7% vs 97.7%). These data suggest that an excellent 10-year 
survival, as in our study, does not preclude future failures on the longer term, relating to the MoM 
articulation. But again, also these two studies report on SHMoM THAs containing titanium stems 
or titanium acetabular shells, which makes extrapolation of results to our cemented CoCr head-
taper matched MoM THAs difficult.

The secondary aim of our study was to compare cobalt levels, functional outcome and 
radiological outcome in both groups to assess their relationship to articulation type and 
pseudotumour formation. Cobalt levels did not increase above critical levels (>5 mg/L), except 
for 1 patient with a bilateral THA (MoM/MoP). This is in accordance with the finding that no cases 
of ARMD were described in our SHMoM THA group. Hallows et al. studied cementless SHMOM 
(28-32 mm), LHMoM (>38 mm) and conventional MoP (28-36 mm) as control group [32]. Cobalt 
levels of the MoM THAs were significantly increased as compared to the (MoP) control group. All 
these THAs, however, consisted of cementless titanium stems coupled with cobalt-chromium 
heads. In our study, we combined cemented cobalt-chromium-molybdenum stems with cobalt-
chromium heads, which could possibly explain our finding of lower cobalt levels. We could not 
find any other comparative study reporting on cobalt levels in THAs with this particular taper/
head combination. 

Radiological outcome did not show any differences between the MoM and MoP patient groups. 
Functional outcome was comparable between two groups. Because of the low incidence of 
pseudotumours, no relation could be found between radiological outcome, functional outcome 
and the existence of a pseudotumour. 
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This study has its limitations. We were not able to describe a complete follow-up of the original 
study cohorts. Due to the relatively older patient population (mean age around 70 years at 
surgery), a significant number of patients (90) died within this long-term follow-up. Another 
issue is the relatively large number of patients lost to follow-up. This was, however, in line with 
our expectations, considering the number of patients available for the 10-year report on these 
cohorts. In order to estimate the outcome effect of the non-responders, we performed a non-
response analysis. Non-responders only differed in age (83.7 vs. 78.7 years). For gender, prosthesis 
type and functional outcome (as measured at 10-year follow-up) no differences were found. 

In spite of these limitations, we were able to present a long-term follow-up of two comparable 
cohorts of small head MoM and MoP THAs regarding pseudotumour incidence, ion levels and 
functional outcome. 

We report good implant survival in cemented head-taper matched small head MoM THA after 
13.4 years of clinical follow-up with a low incidence of pseudotumour formation and cobalt 
levels comparable with MoP THA. Functional outcome was good for patients both with SHMoM 
and MoP THAs. 
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CHAPTER 7
General discussion



INTRODUCTION

The general aim of this thesis was to assess the sequelae of both MoM and MoP bearing couples 
in total hip arthroplasty and how they influence patient’s functional performance. Four research 
objectives were formulated. The results of each of these objectives are summarized and will 
consequently be discussed. 

Part 1 – Acetabular component fixation
There are indications of an increased rate of aseptic loosening in uncemented acetabular 
components as compared to cemented acetabular components. The first aim was to determine 
the influence of acetabular component fixation (cemented vs. uncemented) on the wear of 
polyethylene (PE). A systematic review (chapter 2) was performed of the peer-reviewed literature, 
comparing the polyethylene wear rate in uncemented and cemented acetabular components in 
total hip arthroplasty. The available evidence, two RCTs and 7 observational studies, suggested 
that a higher annual wear rate may be encountered in uncemented acetabular components as 
compared to cemented components. 

The second aim was to assess the polyethylene wear rate, its influencing factors, functional 
performance and implant survival of an uncemented THA on the long term. The radiological and 
clinical outcome after 10-12 years of an uncemented THA cohort was studied in 72 patients, aged 
under 70 years (chapter 3). Three patients underwent an acetabular revision (1 liner exchange, 2 
shell revisions) due to excessive PE wear. One acetabular revision was pending due to aseptic 
loosening. No stem revisions were performed.  

The mean wear rate of the conventional cross-linked PE-liner was 0.15 mm/year, factors identified 
with PE wear were male gender and increasing inclination of the acetabular component. No 
association between physical activity level and PE wear was found. Concerning functional 
performance of the investigated uncemented THA, both patient-reported as well as physician-
reported outcome were considered satisfactory, indicating good quality of life, few limitations in 
activities of daily living and wide range of motion of the hip joint. 

Part 2 - Bearing characteristics
The third aim was to compare large head MoM THA with small head (28 mm) MoP THA regarding 
tissue reactions, metal ions and functional performance (short- and medium-term follow-up). 
An uncemented large head MoM THA was compared with an uncemented small head (28 mm) 
MoP THA after both short-term (chapter 4) and medium-term (chapter 5) follow-up. After 1 year, 
acetabular bone density decreased in the MoP hips, whereas in the MoM group acetabular 
bone density was retained. At short-term follow-up metal ion levels were elevated in the MoM 
group, however within a clinical acceptable range. No relation was found between ion levels and 
acetabular bone density. 

Medium-term follow-up (mean 50 months) was focused on pseudotumour formation screening 
by a standardized CT protocol (chapter 5). Incidence of radiological pseudotumours in large 
head MoM THA was 54%, whereas even in MoP THAs, this incidence unexpectedly exceeded 
20%. Despite the high incidence of radiological pseudotumours in both LHMoM and MoP THAs, 
patient’s clinical performance was not influenced and hip function was excellent. Also, cobalt 
levels did not exceed critical values. 

The fourth and final aim was 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. 

The study described in chapter 6 reports the long-term follow-up of a cemented small-head 
MoM THA comparing it to a conventional cemented MoP THA (both with 28 mm femoral head 
diameters). Using the same screening protocol as in chapter 5, the incidence of pseudotumours 
in SHMoM THAs was 4.5% and 9.4% in MoP THAs. Prosthesis survival in both groups was 96%, 
after a mean follow-up of 13.4 years. Serum cobalt levels did not exceed acceptable clinical 
values whereas no differences in cobalt levels were detected at follow-up between both groups. 
Clinical performance was good and did not differ between SHMoM and MoP THA.

Acetabular component fixation 
Both our systematic review (chapter 2) as well as our long-term cohort study on an uncemented 
THA (chapter 3) illustrate that the clinical success of uncemented acetabular components is 
largely determined by the quality of the PE used. A higher annual wear rate may be encountered 
in uncemented acetabular components as compared to cemented components (chapter 2). The 
systematic review was performed in 2012, and it should be noted that the search resulted in 
studies with mainly older designs of uncemented acetabular components combined with non-
cross-linked PE. An actualized literature search (performed June 2017, using the same Boolean 
operators) resulted in 270 new articles, however, none of these described comparative studies, 
thus adding no new information to the results of the systematic review of 2012. 

The fact that the available comparative studies mainly addressed older acetabular components 
and non-cross-linked PE might have influenced the outcome of our review. The potential 
mechanisms however, causing the differences in wear behaviour between both fixation types, as 
discussed in chapter 2, are still noteworthy: differences in load transfer due to an absent cement 
interface, micromotion of modular PE inserts, and, theoretically, a less forgiving positioning of 
uncemented acetabular components leading to an increased edge loading. 

In chapter 3, we presented our own series of an uncemented THA. A more contemporary 
uncemented acetabular component was used, in combination with a conventional cross-linked 
UHMWPE insert. After 10-12 years follow-up, survival of the uncemented femoral component was 
100%. The three revisions performed concerned the acetabular component, leading to an overall 
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survival rate of 96% of the studied uncemented THA. All three acetabular revisions were due to 
excessive PE wear, so the acetabular component and more precisely the PE insert used, appeared to 
be the weakest link. This also was concluded by Bedard et al. as they described the 10-year follow-
up of an uncemented THA with first generation cross-linked PE, showing an excellent performance 
and survival [1]. An outcome which contrasted to their earlier performed long-term follow-up of an 
uncemented THA with conventional PE resulting in several wear-related acetabular revisions [2]. 

As mentioned in chapter 1, back-side wear (‘mode 4’ type of wear) is a phenomenon observed in 
modular uncemented acetabular constructs. Bali et al. [3] have shown that, next to wear due to 
two bearing surfaces under load (‘mode 1’ type of wear), also this back-side wear is decreased in 
cross-linked PE as compared to conventional PE. In addition, Hanna et al. [4] not only described 
significantly less PE wear in cross-linked PE compared to conventional PE, but also a 100% 
decrease of wear-related acetabular revisions in the cross-linked PE cohort. 

To conclude, the use of more wear-resistant cross-linked PE seems to benefit the performance 
and survival of contemporary uncemented acetabular components.

Bearing characteristics
Due to increasing concerns on adverse tissue reactions in MoM THA, medium-term follow-up 
was focused on pseudotumour formation screening (chapter 5). The incidence of radiological 
pseudotumours in large head MoM THA was over 50%, which is comparable with current 
literature findings. As discussed, these pseudotumours are not per se a consequence of metal 
wear at the bearing articulation, but also the modular taper-junction has to be considered as an 
important source for the release of metal ions, causing pseudotumour formation [5,6]. Because 
pseudotumours have mainly been associated with MoM articulations, the high incidence of 
pseudotumours in the MoP THA group of over 20% was even more surprising.

It is important to stress that we described the radiological incidence of pseudotumours as 
screened by CT imaging, according to the validated method described by Boomsma et al. [7,8]. 
We were not able to retrieve histopathologic specimen of the radiological pseudotumours, which 
is considered a limitation of our study. However, as discussed in chapter 5, we hypothesized the 
radiological pseudotumours found in MoP THAs to be the result of an ARMD, like in MoM hip 
arthroplasty. This ARMD in MoP THA is probably caused by metal ion release from the head-
neck junction (consisting of a male ‘trunnion’ and a female ‘bore’) a phenomenon described by 
the term ‘trunnionosis’ [9]. Recently, this trunnionosis (or MACC, Mechanically Assisted Crevice 
Corrosion) has turned out to be of much more clinical relevance than previously assumed [10,11]. 

The modular connection between the stem and the femoral head has replaced the monoblock 
system in the late 1980s to facilitate the surgeon in controlling offset, stability and leg length 
during total hip replacement [12]. This convenient modularity however has its counterpart. 

Retrieval studies have shown corrosion and fretting of taper interfaces, which can cause an ARMD 
as we all know from the MoM hip implants [13,14]. Trunnionosis is a complex phenomenon, in 
which different mechanisms lead to the release of metal ions from the taper connection. First, 
the use of two dissimilar metal alloys (eg. titanium and cobalt-chromium) can cause galvanic 
corrosion. Second, fluid entering the crevice between the male and female taper leads to an 
electrochemical process resulting in crevice corrosion. As a consequence, due to metallic debris 
formation and substance loss, micro-motion increases between the male and female taper 
promoting fretting and abrasive wear. Surface roughness of the stem taper, femoral head offset, 
femoral head diameter and taper geometry also play a role. Mismatching tapers is a potential 
problem, since for example a 12/14 taper from different implant manufacturers can have different 
taper angles due to differences in taper length [11]. Muller et al. recently suggested the use of 
a uniform classification system for taper geometry and topography because of the many taper 
differences between implant manufacturers [15].

Although for our study cohort the clinical consequences were limited, trunnionosis potentially 
can result in implant revision due to a symptomatic ARMD or implant failure [10,16]. To decrease 
this risk, surgeons are advised to pay attention to the implant design: the use of smooth and 
thicker tapers with an increased contact area is considered to be beneficial for this. Also, surgical 
‘hygienic’ measures are advised: dry assembly of the femoral head to the stem taper, just one 
single hammer strike on the femoral head, and if there is a need to increase the femoral offset, 
one should use an offset stem instead of an offset femoral head [11]. 

The long-term follow-up (mean 13.4 years) of a conventional cemented MoP THA was compared 
to a cemented small-head MoM THA in chapter 6. Interestingly, the incidence of pseudotumours in 
SHMoM THA was evidently lower (4.5%) compared to its incidence in the LHMoM cohort (53.7%), 
described in chapter 5. As previously discussed in chapter 6, the differences in prosthesis design 
probably explain this outcome: the type of taper connection (single taper vs. taper adapter), 
dissimilarity in head-neck alloy combination (titanium vs. cobalt-chromium) and diameter of the 
femoral head (increased head diameter leading to increased torque stress on the taper-head 
junction). The incidence of pseudotumours in cemented MoP THA was also lower (9.4%) than the 
uncemented MoP cohort (21.8%). Referring to the previous discussion on taper corrosion, the 
taper mismatch (CoCr female taper combined with titanium male taper) could have resulted in 
an increased incidence of radiological pseudotumours in the uncemented THA cohort. 

Considering the many disastrous reports published on MoM hip arthroplasty over the past 
decade, we can conclude from chapters 5 and 6 that small head MoM THA does not perform as 
bad as compared to large head MoM THA regarding pseudotumour formation. The incidence 
of pseudotumour formation in MoM THA mainly seems to be determined by femoral head size 
and taper junction characteristics. Regarding MoP THAs one should be aware of pseudotumour 
formation resulting from trunnionosis. 
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CLINICAL IMPLICATIONS OF THIS THESIS

• An uncemented THA in patients aged under 70 years does perform well, especially 
regarding femoral fixation. Acetabular component survival can be improved by the use 
of more wear-resistant highly cross-linked polyethylene.

• As in MoM THAs, radiological pseudotumours do also occur around MoP THAs.
• Pseudotumour formation does not necessarily have an influence on the clinical 

performance of a THA. 
• Pseudotumours clearly occur less frequently in small head MoM THA as compared to 

large head MoM THA.
• As opposed to LHMoM, a taper matched SHMoM is still justifiable as a bearing option in 

THA.

SUGGESTIONS FOR FUTURE RESEARCH 

As described in this thesis, the use of more wear-resistant polyethylene has a positive influence on 
wear-related complications like peri-acetabular osteolysis and secondary acetabular component 
loosening. Clinical research on the performance of newer, second generation, cross-linked 
polyethylene is warranted. We initiated a randomised clinical trial investigating wear, functional 
outcome and survival of vitamin-E incorporated PE comparing it to conventional cross-linked 
PE in a reversed hybrid total hip arthroplasty (see appendix for study design). This second 
generation cross-linked PE is expected to outperform conventional cross-linked PE regarding 
wear resistance and secondary implant failure, ultimately leading to better clinical performance 
and increased implant survival. 

Although not addressed in this thesis, the use of ceramic femoral heads instead of CoCr heads 
seems to decrease the incidence of taper corrosion [17]. Probably, ceramic taper coatings also 
could decrease taper wear in THA and their role should be further investigated [18].
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CHAPTER 8
Summary and samenvatting
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SUMMARY

In this thesis, the general aim was to assess the sequelae of both metal-on-polyethylene (MoP) 
and metal-on-metal (MoM) bearing couples in total hip arthroplasty (THA) and how they 
influence patient’s functional performance.  

This general aim is introduced in chapter 1, giving an overview on the history of THA as a 
surgical treatment for invalidating hip joint disease, focusing on implant fixation and bearing 
characteristics. Although performance of THA has dramatically improved over the last decades, 
still controversies exist on especially component fixation and the perfect bearing couple in 
relation to material, sizing, wear and adverse tissue reactions. Four research objectives were 
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. 

A systematic review (chapter 2) was performed, comparing the polyethylene wear rate in 
uncemented and cemented acetabular components in total hip arthroplasty. The available 
evidence, two RCTs and 7 observational studies, suggested that a higher annual wear rate may 
be encountered in uncemented acetabular components as compared to cemented components. 
Potential mechanisms causing these differences in wear behaviour are hypothesized: differences 
in load transfer due to an absent cement interface, micromotion of modular PE inserts, and, 
theoretically, a less forgiving positioning of uncemented acetabular components leading to an 
increased edge loading.
 
Addressing the second objective, the radiological and clinical outcome after 10-12 years of an 
uncemented THA cohort was studied in 72 patients, aged under 70 years (chapter 3). Overall 
survival after 11.9 years was 96%. Three patients underwent an acetabular revision (1 liner 
exchange, 2 shell revisions) due to excessive PE wear. One acetabular revision was pending due 
to aseptic loosening. No stem revisions were performed. 

The mean wear rate of the conventional cross-linked PE-liner was 0.15 mm/year, factors identified 
with PE wear were male gender and increasing inclination of the acetabular component. No 
association between physical activity level and PE wear was found. Concerning functional 

performance of the investigated uncemented THA, both patient-reported as well as physician-
reported outcome were considered satisfactory, indicating good quality of life, few limitations in 
activities of daily living and wide range of motion of the hip joint. 

To answer the third objective, an uncemented large head MoM THA was compared with an 
uncemented small head (28 mm) MoP THA after both short-term (chapter 4) and medium-term 
(chapter 5) follow-up. After 1 year, acetabular bone density decreased in the MoP hips, whereas 
in the MoM group acetabular bone density was retained. At short-term follow-up metal ion levels 
were elevated in the MoM group, however within a clinical acceptable range. No relation was 
found between ion levels and acetabular bone density. 

Medium-term follow-up (mean 50 months) was focused on pseudotumour formation screening 
by a standardized CT protocol (chapter 5). Incidence of radiological pseudotumours in large head 
MoM THA was 54%, whereas even in MoP THAs, this incidence unexpectedly exceeded 20%. 
Despite the high incidence of radiological pseudotumours in both large head MoM and MoP 
THAs, patient’s clinical performance was not influenced and hip function was excellent. Also, 
cobalt levels did not exceed critical values.

The fourth and final objective is reported on in chapter 6. Cemented small head MoM THA was 
compared with cemented MoP THA (both with 28 mm femoral head diameters) in a long-term 
follow-up regarding tissue reactions, metal ions and functional performance. 

Using the same screening protocol as in chapter 5, the incidence of pseudotumours in small head 
MoM THAs was 4.5% and 9.4% in MoP THAs. Prosthesis survival in both groups was 96%, after 
a mean follow-up of 13.4 years. Serum cobalt levels did not exceed acceptable clinical values 
whereas no differences in cobalt levels were detected at follow-up between both groups. Clinical 
performance was good and did not differ between small head MoM and MoP THA.

The results of the four research objectives are summarised and discussed in chapter 7. Clinical 
success of an uncemented acetabular component is largely determined by the quality of 
polyethylene used. The unexpected occurrence of pseudotumours in MoP THA might be the 
result of corrosion at the head-neck junction (‘trunnionosis’), a complex phenomenon, leading to 
metal ion release. The lower incidence of pseudotumours in small head MoM THA as compared 
to large head MoM THA might be caused by smaller head size and a more favorable taper match. 
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Based on the findings of the studies described in this thesis, the following clinical implications 
were summarised: 

• An uncemented THA in patients aged under 70 years does perform well, especially 
regarding femoral fixation. Acetabular component survival can be improved by the use 
of more wear-resistant highly cross-linked polyethylene.

• As in MoM THAs, radiological pseudotumours do also occur around MoP THAs.
• Pseudotumour formation does not necessarily have an influence on the clinical 

performance of a THA. 
• Pseudotumours clearly occur less frequently in small head MoM THA as compared to 

large head MoM THA.
• As opposed to large head MoM, a taper matched small head MoM is still justifiable as a 

bearing option in THA.

SAMENVATTING

Algemeen doel van dit proefschrift is het onderzoeken van de gevolgen van zowel metaal-
op-polyethyleen (MoP) als metaal-op-metaal (MoM) kop-komcombinaties in totale heup 
arthroplastieken (THA) en te onderzoeken hoe deze verschillende combinaties het functioneren 
van de patiënt beïnvloeden.

Dit algemene doel is ingeleid in hoofdstuk 1, waarin een overzicht wordt gegeven van de 
geschiedenis van de THA als chirurgische behandeling voor heupaandoeningen, met speciale 
aandacht voor prothesefixatie en kop-komkarakteristieken. Ondanks de drastisch verbeterde 
prestaties van de THA in de afgelopen decennia, bestaat er nog steeds discussie over met name de 
fixatie van de prothese en de perfecte kop-komcombinatie in relatie tot het gebruikte materiaal, 
de kopgrootte, slijtage en wekedelen reacties. Er zijn vier onderzoeksdoelen geformuleerd:

1. Het bepalen van de invloed van de verschillende fixatiemethodes van de acetabulum-
component (gecementeerd vs. ongecementeerd) op polyethyleen slijtage;

2. Het bepalen van de mate van polyethyleen slijtage, de beïnvloedende factoren en de 
survival van een ongecementeerde THA op de langere termijn;

3. Het vergelijken van een MoM THA met grote kop met een MoP THA met kleine kop (28 
mm) wat betreft wekedelen reacties, metaalionen en functioneren van de patiënt (korte 
en middellange termijn follow-up);

4. Het vergelijken van een MoM THA met kleine kop (28 mm) met een MoP THA aangaande 
wekedelen reacties, metaalionen en functioneren van de patiënt (lange termijn follow-up).

Er is een systematische review uitgevoerd (hoofdstuk 2), waarbij de mate van polyethyleen 
(PE) slijtage van ongecementeerde en gecementeerde acetabulumcomponenten werd 
vergeleken. Op basis van de resultaten van twee RCT’s en 7 observationele studies lijkt er 
wetenschappelijk bewijs voor een toegenomen mate van PE-slijtage bij ongecementeerde 
acetabulumcomponenten vergeleken met gecementeerde acetabulumcomponenten. Mogelijke 
verklarende mechanismen voor dit verschil in slijtagegedrag zijn: verschillen in de overdracht 
van belasting vanwege de afwezigheid van een cement-interface, microbewegingen van 
modulaire PE-liners en, theoretisch, een minder nauwkeurige plaatsing van ongecementeerde 
acetabulumcomponenten wat mogelijk leidt tot een toegenomen edge-loading. 

Met betrekking tot het tweede onderzoeksdoel zijn de radiologische en klinische uitkomsten 
onderzocht van een cohort van 72 patiënten (<70 jaar, 10-12 jaar follow-up) met een 
ongecementeerde THA (hoofdstuk 3). Overleving van de prothese na 11,9 jaar was 96%. 
Drie patiënten ondergingen een acetabulumrevisie (1 liner-wissel, 2 kom-revisies) vanwege 
overmatige PE-slijtage. Er vonden geen revisies van de femurcomponent plaats. CH
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De gemiddelde mate van PE-slijtage van de conventionele cross-linked PE-liner was 0,15 mm/
jaar, waarbij het mannelijk geslacht en een toegenomen inclinatie van de acetabulumcomponent 
positief werden geassocieerd met PE-slijtage. Er werd geen verband aangetoond tussen 
fysiek activiteitenniveau en PE-slijtage. Wat betreft de functionele uitkomsten lieten zowel de 
patiënt- als de arts-gerapporteerde uitkomsten een bevredigend resultaat zien, duidend op 
een goede kwaliteit van leven, slechts geringe beperkingen in het dagelijks leven en een ruime 
bewegelijkheid van het heupgewricht.

Ten behoeve van het derde onderzoeksdoel is een cohort patiënten met ongecementeerde MoM 
THA met grote kop vergeleken met een cohort patiënten met ongecementeerde MoP THA met 
kleine kop (28 mm) na zowel korte (hoofdstuk 4) als middellange termijn (hoofdstuk 5) follow-up. 
Na 1 jaar was de botdichtheid van het acetabulum bij het MoP THA-cohort afgenomen, terwijl 
deze gelijk was gebleven bij het MoM THA-cohort. Op korte termijn waren de metaalionen 
verhoogd in het MoM THA-cohort, echter deze bleven binnen de klinisch acceptabele range. Er 
werd geen verband gevonden tussen de waardes van metaalionen en acetabulaire botdichtheid.  

Bij het middellange termijn onderzoek (gemiddelde duur van follow-up 50 maanden) lag de 
nadruk op pseudotumorscreening middels een gestandaardiseerd CT-protocol (hoofdstuk 5). De 
incidentie van radiologische pseudotumoren bij de MoM THA met grote kop was 54%, terwijl in 
het MoP THA-cohort de incidentie boven de 20% bleek te zijn. Ondanks deze hoge incidentie van 
pseudotumoren bij zowel het MoM- als het MoP-cohort werd hierdoor het klinisch functioneren 
niet beïnvloed en was de heupfunctie uitstekend. Ook serum kobaltwaardes bleven onder de 
kritische bovengrens.

Het vierde en laatste onderzoeksdoel wordt uitgewerkt in hoofdstuk 6. In een lange-termijn 
follow-up studie werd een gecementeerde MoM THA met kleine kop vergeleken met een 
gecementeerde MoP THA (beide met kopdiameter 28 mm) voor wat betreft wekedelen reacties, 
metaalionen en functioneren van de patiënt. Gebruikmakend van hetzelfde screeningsprotocol 
als in hoofdstuk 5, was de pseudotumorincidentie bij de MoM THA met kleine kop 4,5% en bij de 
MoP THA 9,4%. Survival van de heupprotheses was voor beide groepen 96%, na een gemiddelde 
follow-up duur van 13,4 jaar. Serum kobaltwaardes bleven binnen de klinisch acceptabele range 
terwijl geen verschil in kobalt waardes werden waargenomen tussen beide groepen tijdens het 
laatste follow-up moment. Functionele uitkomsten waren goed en verschilden niet tussen het 
MoM- en het MoP-cohort. 

De resultaten van de vier onderzoeksdoelen worden samengevat en bediscussieerd in hoofdstuk 
7. Het klinische succes van een ongecementeerde acetabulumcomponent wordt grotendeels 
bepaald door de kwaliteit van het gebruikte polyethyleen. Het onverwachte voorkomen van 
pseudotumoren bij MoP heupprotheses zou het gevolg kunnen zijn van corrosie ter hoogte 
van de kop-halsverbinding (‘trunnionose’), een complex fenomeen wat leidt tot het vrijkomen 

van metaalionen. De lagere incidentie van pseudotumoren bij een MoM THA met kleine kop in 
vergelijking met een MoM THA met grote kop zou kunnen worden veroorzaakt door de kleinere 
kopdiameter en een metallurgisch gunstiger kop-hals verbinding.

Gebaseerd op de onderzoeksuitkomsten zoals beschreven in dit proefschrift zijn de volgende 
klinische implicaties beschreven:

• Een ongecementeerde heupprothese doet het goed bij patiënten onder de 70 jaar, met 
name wat betreft femorale fixatie. Survival van de acetabulumcomponent kan worden 
verbeterd door het gebruik van meer slijtage-resistent highly cross-linked  polyethyleen.

• Pseudotumoren komen, net als bij MoM heupprotheses, ook voor bij MoP heupprotheses.
• Pseudotumorvorming heeft niet vanzelfsprekend invloed op het klinisch functioneren 

van een heupprothese.
• Pseudotumoren komen duidelijk minder vaak voor bij MoM heupprotheses met kleine 

kop, in vergelijking met MoM heupprotheses met grote kop.
• Een MoM totale heupprothese met kleine kop is, in tegenstelling tot een MoM 

heupprothese met grote kop, nog steeds te rechtvaardigen als kop-komcombinatie bij 
totale heuppprotheses.
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Background
Aseptic loosening of total hip arthroplasties is generally caused by periprosthetic bone 
resorption due to tissue reactions on polyethylene wear particles. In vitro testing of polyethylene 
cups incorporated with vitamin E shows increased wear resistance. The objective of this study 
is to compare vitamin E-stabilized highly cross-linked polyethylene with conventional cross-
linked polyethylene in ‘reversed hybrid’ total hip arthroplasties (cemented all-polyethylene 
cups combined with uncemented femoral stems). We hypothesize that the adjunction of 
vitamin E leads to a decrease in polyethylene wear in the long-term. We also expect changes in 
bone mineral density, less osteolysis, equal functional scores and increased implant survival in 
polyethylene cemented cups incorporated with vitamin E in the long-term. 

Design
A double-blinded randomized controlled trial will be conducted. Patients to be included are 
aged under 70, suffer from non-inflammatory degenerative joint disease of the hip and are 
scheduled for a primary total hip arthroplasty. The study group will receive a reversed hybrid 
total hip arthroplasty with a vitamin E-stabilized highly cross-linked polyethylene cemented cup. 
The control group will receive a reversed hybrid total hip arthroplasty with a conventional cross-
linked polyethylene cemented cup. Radiological follow-up will be assessed at 6 weeks and at 
1, 3, 5, 7 and 10 years postoperatively, to determine polyethylene wear and osteolysis. Patient-
reported functional status (HOOS), physician-reported functional status (Harris Hip Score) and 
patients’ physical activity behavior (SQUASH) will also be assessed at these intervals. Acetabular 
bone mineral density will be assessed by dual energy X-ray absorptiometry (DEXA) at 6 weeks 
and at 1 year and 2 years postoperatively. Implant survival will be determined at 10 years 
postoperatively.

Discussion
In vitro results of vitamin E-stabilized polyethylene are promising, showing increased wear 
resistance. However, controlled clinical follow-up data are not available at this moment.

Conclusion
This randomized controlled trial has been designed to determine wear, bone mineral density, 
functional outcome and survival in reversed hybrid total hip arthroplasty comparing cemented 
vitamin E-stabilized highly cross-linked polyethylene cups with cemented conventional cross-
linked polyethylene cups.

Trial registration: Dutch Trial Registry NTR3049 

BACKGROUND

The most important factor for late implant failure in total hip arthroplasty is aseptic mechanical 
loosening of one or both components. The Nordic arthroplasty registries (Sweden, Norway and 
Denmark) show aseptic loosening as the main reason for revision in total hip arthroplasty (34.8-
50.4%), followed by dislocation (23.4-33.5%) and infection (15.0-15.8%) [1]. Periprosthetic bone 
resorption, due to a cellular- and molecular-mediated foreign body reaction to polyethylene 
wear particles, is one of the main causes for this loosening [2,3].

In the 1950s and 1960s, total hip arthroplasty was performed using a metal-on-metal articulation 
[4,5]. In the 1970s, due to the success of Charnley’s low friction arthroplasty [6], metal-on-
polyethylene articulations were increasingly applied. As polyethylene wear particles turned out 
to promote aseptic loosening, newer polyethylenes were developed to reduce wear. In the 1990s 
first-generation cross-linked ultra high molecular weight polyethylenes were introduced. This 
development led to a reduction in polyethylene wear. In looking for alternative bearing couples 
lacking the issue of polyethylene wear, the use of hard-on-hard bearings like metal-on-metal and 
ceramic-on-ceramic increased, especially in young active patients [7]. 

Hard-on-hard bearings also have shown disadvantages though. Although rare, ceramic 
articulations might lead to fracture of the ceramic bearing and produce squeaking noises 
[8]. Concerns remain over metal-on-metal articulations because of the metal ion release and 
subsequent elevated serum metal ion concentration [9]. Moreover, unpredictable local tissue 
reaction on metal particles can result in pseudo-tumor formation around the hip joint and 
perivascular lymphocytic infiltration because of a delayed-type hypersensitivity reaction (aseptic 
lymphocytic vasculitis associated lesion, ALVAL) [10]. A metal-on-polyethylene articulation seems 
therefore to be advocated above metal–on-metal articulation in total hip arthroplasty [11]. 

Wear characteristics of ultra-high molecular-weight polyethylene have been improved by the 
cross-linking technique [12,13]. A disadvantage is the increased oxidation and decreased fatigue 
strength of the polyethylene due to the irradiation, remelting and annealing process used in this 
technique. To prevent oxidation and increase mechanical strength, second-generation highly 
cross-linked polyethylene has been developed by incorporating vitamin E [14,15]. In vitro testing 
of these vitamin-E stabilized polyethylene cups shows good wear properties and improved 
mechanical and fatigue properties [16]. The influence of vitamin E-stabilized polyethylene cups on 
acetabular bone mineral density (BMD) is unknown. Hypothetically, this modified polyethylene 
leads to changes in acetabular bone mineral density due to its different mechanical properties.

The objective of this study is to compare vitamin E-stabilized highly cross-linked polyethylene 
with conventional cross-linked polyethylene in ‘reversed hybrid’ total hip arthroplasties 
(cemented all-polyethylene cups combined with uncemented femoral stems). We hypothesize 
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that the adjunction of vitamin E to polyethylene leads to a decrease in polyethylene wear in 
the long-term (primary outcome parameter). We also expect changes in BMD, less osteolysis, equal 
functional scores and increased implant survival in polyethylene incorporated with vitamin E 
(secondary outcome parameters) in the long term. The present paper reports on the design of 
the study. 

METHODS

Design
A randomized controlled trial will be conducted. Patients are randomized into one of the two 
treatment groups using concealed envelopes. Cluster randomization (per 10 patients) will be 
applied and the random allocator sequence will be computer-generated by an independent 
planner. Envelopes are opened one week before surgery. Patients are blinded for treatment. Only 
the surgeon and the primary investigator are aware of the allocation type. Follow-up is therefore 
done by an independent investigator, who is blinded for the treatment allocation. The study 
design, procedures and informed consent are approved by the local Medical Ethical Committee 
(registration number 2011-29). The trial is registered in the Netherlands Trial Registry (NTR3049). 
Guidelines of the Consort Statement are followed [17].

Study population
The study will be conducted at the Department of Orthopaedic Surgery of the Martini Hospital, 
Groningen, the Netherlands. Patients to be included suffer from non-inflammatory degenerative 
joint disease of the hip and are scheduled for a primary unilateral total hip arthroplasty, and are 
aged under 70 years. Exclusion criteria are secondary osteoarthritis of the hip, (active) arthritis 
(e.g. rheumatic disease), peripheral neuropathy, history of CVA or cognitive impairment (e.g. 
dementia). Participation in the study is voluntary and informed consent is required. The inclusion 
period is planned from January 2012 to January 2014.

Intervention
Both investigated groups will receive a reversed hybrid total hip arthroplasty. Gentamycine 
cement (Palacos®R+G, Heraeus) will be used for cup fixation, applying third-generation 
cementing techniques including vacuum mixing, pulsed lavage and pressurization. The same 
cementless 28 mm femoral component is used in both groups: a proximally plasma-sprayed 
porous coated titanium alloy (Ti6Al4V) stem (Mallory-Head®, Biomet) with a cobalt-chromium-
molybdenum 28 mm femoral head. 

One group will receive a cemented vitamin E-stabilized highly cross-linked polyethylene 
acetabular component (E1™ Muller cup, Exceed ABT Cemented Cup System, Biomet). The other 
group will receive a cemented conventional cross-linked polyethylene acetabular component 
without the adjunction of vitamin E (ArCom™ Muller cup, Exceed ABT Cemented Cup System, 
Biomet). 

A posterolateral surgical approach in lateral decubitus position is used. Antibiotic prophylaxis 
with first-generation cephalosporin will be given preoperatively and during the first 24 hours 
intravenously.
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Follow-up
In this study the main outcome parameter is polyethylene wear (mm/y) 10 years postoperatively. 
Secondary outcome parameters are periacetabular bone mineral density, periprosthetic 
osteolysis, patient- and physician-reported outcome and implant survival (Table 1). Depending 
on the outcome parameters, measurements will take place preoperatively, 6 weeks, and 1, 3, 5, 7 
and 10 years postoperatively. 

Wear and osteolysis assessment
Wear will be determined on the routinely made conventional AP radiographs. Standard supine 
anteroposterior (AP) pelvic hip radiographs (with 115% magnification) will be taken. The X-rays at 
6 weeks will serve as baseline, and will be compared 1, 3, 5, 7 and 10 years postoperatively. Wear 
will be assessed using the 2D measurement method as described by The et al. [18]. This method 
has been clinical validated by RSA and corrects for projection differences of the acetabular 
component. It has the advantage of approximating 3D-wear measurements without the need of 
lateral radiographs. Periacetabular and femoral radiolucencies will be assessed according to the 
three zones of De Lee and Charnley [19] and the femoral zones (especially zone 7) of Gruen et al. 
[20]. The scoring will be undertaken by an independent reviewer.

Bone densitometry
BMD measurements will be performed using a dual energy X-ray absorptiometry (DEXA) scanner 
(Hologic Inc., Bedford, Mass., USA) in order to calculate BMD changes in the pelvis as suggested by 
Wilkinson [21]. The contralateral normal hip will be scanned following a standard manufacturer’s 
protocol to establish BMD in the femoral neck, trochanter, intertrochanteric, total hip and Ward’s 
triangle sites. 

Functional outcome
The Hip disability and Osteoarthritis Outcome Score (HOOS) will be used to assess patient-
reported functional status, health-related quality of life and physical activity [22,23]. The short 
questionnaire to assess health-enhancing physical activity (SQUASH) will be used to determine 
habitual physical activity behavior [24]. Dutch versions of the HOOS and SQUASH will be used, as 
they are reliable and validated questionnaires for the Dutch THA population [25,26]. The Harris 
Hip Score will be used to assess physician-reported functional status, including range of motion 
[27,28]. 

Sample size
It is our hypothesis that reversed hybrid total hip arthroplasties with vitamin E-stabilized 
polyethylene will show less polyethylene wear at 10 years compared to reversed hybrid total hip 
arthroplasty without the adjunction of vitamin E. In order to detect at least a clinically relevant 
difference in wear of 0.5 mm with a standard deviation of 0.07 mm, 63 patients are needed in 
each group (alpha 0.05, power 0.80). Based on previous studies we expect a drop-out rate of 15%. 
We therefore aim to include 75 patients in each group, thus 150 patients in total. 

Statistical analysis
Descriptive statistics
Descriptive statistics (means and standard deviations) will be used to describe the patient 
characteristics and outcome variables at the measurement points.

Univariate analysis
Student’s T-test will be used to determine if there is a difference in wear at 10 years postoperatively 
between the two groups. Differences in other outcome measures (osteolytic changes, bone 
mineral density, HOOS, Harris Hip score, SQUASH) between the two groups will also be analyzed 
with a student’s T-test (or non-parametric equivalent in case of a skewed distribution) at different 
measurement points.

Multivariate analysis
A GEE (Generalized Estimating Equation) analysis will be used to determine whether there is a 
difference on the primary and secondary outcome variables between the two groups over time, 
adjusted for relevant covariates. A p-value of < 0.05 is considered statistically significant.
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Table 1. Secondary outcome parameters

 

 1. polyethylene wear at 1, 3, 5 and 7 years postoperatively

 2. relative decrease/increase in acetabular bone mineral density (BMD) at 1 and 2 years  

  postoperatively

 3. acetabular and proximal femoral osteolytic changes at 1, 3, 5, 7 and 10 years postoperatively

 4. patient-reported functional outcome (HOOS and SQUASH) at 6 weeks and at 1, 3, 5, 7 and  

  10 years postoperatively

 5. physician-reported functional outcome (Harris Hip Score) at 6 weeks and at 1, 3, 5 and 10  

  years postoperatively

 6. survival (number of revisions) determined at 5 and 10 years postoperatively

Other study parameters: gender, age, BMI, severity of arthrosis, complications, size and inclination of the 

cup, surgical time and intraoperative blood loss. 



DISCUSSION

As previously mentioned, in vitro results of vitamin E-incorporated polyethylene cups are 
promising, showing increased wear resistance and improved mechanical and fatigue properties. 
However, as yet no randomized controlled clinical data have been published on the mid- and 
long-term outcome of these modified polyethylene cups. This study primarily focuses on the 
outcome of wear in the long-term (10 years), comparing vitamin E-incorporated polyethylene 
with conventional polyethylene in reversed hybrid total hip arthroplasties. Short- and mid-term 
data will also be investigated in terms of periacetabular bone density and functional outcome.

To our knowledge, there are no randomized controlled trials that evaluate the incorporation 
of vitamin E in cemented polyethylene cups versus cemented polyethylene cups without the 
adjunction of vitamin E in total hip arthroplasty.

CONCLUSION

This randomized controlled trial has been designed to determine wear, bone mineral density, 
functional outcome and survival in reversed hybrid total hip arthroplasty with vitamin E-stabilized 
highly cross-linked polyethylene versus reversed hybrid total hip arthroplasty with conventional 
cross-linked polyethylene. 

COMPETING INTERESTS
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any reimbursements, fees or salary for performing the study.
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versie van een artikel. 

Beste Inge van den A. Jij was er vanaf het begin bij. Je hield de grote lijnen vast, samen met 
andere Inge heb je vele praktische tips gegeven. Ik hoop dat we nog lang zullen samenwerken 
in de academie!

Leden van de beoordelingscommissie, prof. dr. R.G.H.H. Nelissen, prof. dr. ir. N.N.J. 
Verdonschot en prof. dr. R.A.J.O. Dierckx: dank voor het kritisch en positief beoordelen van het 
proefschriftmanuscript.

Beste Wierd, ik had destijds niet kunnen denken dat ik in hetzelfde promotieschuitje zou belanden 
als jij. Je hebt me geïntroduceerd in het metal-metal materiaal. De trein waar jij afstapte heb ik op 
kunnen springen. Wie weet wat het eindstation zal zijn.

Beste Hans-Peter, Deventer was een eindje weg, maar wat heb ik me daar thuis gevoeld. Ik heb 
goede herinneringen aan de ritjes naar de buitenpoli in Raalte, dank ook voor je introductie in 
de ‘evidence-based orthopedie’. Ook Rudolf Poolman, dank voor je heldere feedback en mede-
auteurschap bij het schrijven van de systematische review. 

Beste Wietske, het is alweer een tijd geleden dat we uren naar het scherm zaten te turen om PE-
wear te meten (waar is die computer gebleven trouwens?). Dank voor de samenwerking en het 
mooie artikel wat eruit voortkwam. 

Beste Martijn, zoals het mij vaker vergaat met radiologen hebben we elkaar vreemd genoeg nooit 
in levenden lijve ontmoet. Toch heb je een belangrijke bijdrage geleverd aan de totstandkoming 
van dit proefschrift, waarvoor dank! 

Beste Baukje, Chris, Elvira, Frits Hein, Jan, Joris, Lex, Martin, Patrick, Patrick, Paul en Ron, collega’s 
in de academie: dank voor de prima werkplek die ik mag innemen en waarbij er alle ruimte is 
om mezelf te ontplooien. Mooi om te zien dat we met elkaar elk orthopedisch probleem kunnen 
tackelen. Ik hoop dat we nog lang samen blijven werken wat er ook op ons af gaat komen.

Beste AIOS van ROGO Noord-Oost; jullie houden de orthopedie jong en vitaal. Mede dankzij 
jullie gaat er geen dag voorbij dat we kritisch naar ons werk kijken. En de ski-uitjes, borrels en 
feestjes af en toe, dat houdt mij dan weer jong en vitaal ;-). Dank!

Beste paranimfen, Dennis en Leon: mooie jaren waren het aan de Barkmolenstraat. Met als 
terugkerende hoogtepunten de activiteiten met de feestcommissie. Het was eigenlijk de enige 
reden waarom ik liever niet ging verhuizen… Gaaf dat jullie me op de ‘dag des oordeels’ willen 
bijstaan, al is het alleen al omdat ik benieuwd ben hoe jullie er in zo’n pakje uitzien.

Pa en Ma, dank voor de opvoeding die ik heb genoten en de mores die ik van jullie meekreeg. 
‘Eet je bord eerst leeg’ heeft er misschien wel mede toe geleid dat dit proefschrift uiteindelijk 
afgerond is… 

Last, but not least: Chupa, Edu, Pepe en Toni! Mooi dat we elkaar sinds 1996, ‘dat is het jaar van ons 
begin’ nog steeds regelmatig treffen. Naast onze traditionele weekends wordt zo langzamerhand 
ook de promotieceremonie een traditie. Edu en Chupa, nemen jullie de uitdaging aan?  
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