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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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