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CHAPTER 5
Pseudotumour incidence, cobalt levels and clinical outcome after large 

head metal-on-metal and conventional metal-on-polyethylene 
total hip arthroplasty 

Mid-term results of a randomised controlled trial
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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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