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	� HIP

Ten-year results of a prospective cohort 
of large-head metal-on-metal total 
hip arthroplasty
A CONCISE FOLLOW-UP OF A PREVIOUS REPORT

Aims
Large-diameter metal-on-metal (MoM) total hip arthroplasty (THA) has demonstrated un-
expected high failure rates and pseudotumour formation. The purpose of this prospective 
cohort study is to report ten-year results in order to establish revision rate, prevalence of 
pseudotumour formation, and relation with whole blood cobalt levels.

Methods
All patients were recalled according to the guidelines of the Dutch Orthopaedic Association. 
They underwent clinical and radiographical assessments (radiograph and CT scan) of the hip 
prosthesis and whole blood cobalt ion measurements. Overall, 94 patients (95 hips) fulfilled 
our requirements for a minimum ten-year follow-up.

Results
Mean follow-up was 10.9 years (10 to 12), with a cumulative survival rate of 82.4%. Reason 
for revision was predominantly pseudotumour formation (68%), apart from loosening, pain, 
infection, and osteolysis. The prevalence of pseudotumour formation around the prostheses 
was 41%, while our previous report of this cohort (with a mean follow-up of 3.6 years) re-
vealed a 39% prevalence. The ten-year revision-free survival with pseudotumour was 66.7% 
and without pseudotumour 92.4% (p < 0.05). There was poor discriminatory ability for co-
balt for pseudotumour formation.

Conclusion
This prospective study reports a minimum ten-year follow-up of large-head MoM THA. Re-
vision rates are high, with the main reason being the sequelae of pseudotumour formation, 
which were rarely observed after five years of implantation. Blood ion measurements show 
limited discriminatory capacity in diagnosing pseudotumour formation. Our results evi-
dence that an early comprehensive follow-up strategy is essential for MoM THA to promptly 
identify and manage early complications and revise on time. After ten years follow-up, we do 
not recommend continuing routine CT scanning or whole cobalt blood measurements, but 
instead enrolling these patients in routine follow-up protocols for THA.
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Introduction
Large-diameter metal-on-metal (MoM) total 
hip arthroplasty (THA) has resulted in unex-
pected high failure rates, leading to early 
revision. Wear of the MoM articulation is 
associated with an increase of metal particles 
around the joint. These particles are thought 
to cause a condition referred to as adverse 

reactions to metal debris (ARMD). The 
spectrum of ARMD ranges from formation 
of pseudotumours to osteolysis, increased 
blood metal ions, and metallosis.1-7

Popularity of the MoM articulation fell 
rapidly after problems were first reported in 
2010, and has largely been discontinued, first 
in the Netherlands.8 Although there seems 
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to be a general consensus not to use large-diameter 
MoM THA, there is much less consensus on the clinical 
management of our patients with MoM hip devices. In 
an attempt to identify ARMD early, worldwide regulatory 
authorities recommend regular patient follow-up, but 
guidelines for MoM THA follow-up differ considerably.9-11 
This can partially be attributed to missing or conflicting 
evidence.12 We previously reported on the early results 
of an extensively screened prospective cohort of large-
diameter MoM THA with a surprisingly high rate of soft-
tissue reactions.4,5 This protocol was continued over the 
following years, with repeated annual follow-up and 
cross-sectional imaging in all patients. In this study, we 

present the results of the previously reported patient 
group in a concise follow-up.13

Methods
Between January 2005 and November 2007, 116 patients 
(117 hips) were treated with large-head MoM THA for 
primary osteoarthritis (OA). Local ethics board approval 
and written informed consent were obtained. In this 
prospective study, patients were scheduled for an exten-
sive screening protocol. The protocol consisted of an 
annual follow-up (including a physical examination 
and radiographs of the hip and pelvis), and CT scan-
ning of the hip in all patients in 2010 (three to five years 

Fig. 1

Flowchart showing the trail profile at ten-years follow-up. MoM, metal-on-metal; *Three pseudotumours; **Two pseudotumours.
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postoperatively), followed by subsequent CT scans at 
five (if applicable) and ten years postoperatively. Blood 
samples for metal-ion analysis were collected according 
to accepted guidelines.14

We defined a pseudotumour as a solid/semi-solid or 
cystic periprosthetic soft-tissue mass eccentric to the 
joint with a minimum diameter of 2 cm that could not be 
attributed to infection, malignancy, bursa, or scar tissue.4 
One radiologist evaluated all CT scans,15 and used a 
CT-grading system for postoperative CT findings in MoM 
THA.15

Cobalt ranges were set according to the recent guide-
lines: normal < 2 µg/l, intermediate 2 to 5 µg/l, elevated 
5 to 10 µg/l, and extremely elevated > 10 µg/l.9,10,16,17 We 
used the bimetric porous-coated uncemented stem with 
a MoM M2a-Magnum femoral head and Recap acetab-
ular component (Zimmer Biomet, USA). The system is 
modular, with increasing head size and concomitant 

larger shell size, plus the option to adapt the neck length 
using different length tapers. The main components of 
the head and acetabular component are produced from 
a cobalt-chromium alloy containing a small proportion 
of molybdenum and carbon. The stem and taper adapter 
are made of a titanium, aluminium, and vanadium alloy.4

Statistical analysis.  Descriptive statistics (mean, median, 
and standard deviation (SD)) were used to analyze pa-
tient demographics and metal ions levels. Metal ion data 
distributions were asymmetric, and therefore expressed 
as a group median and range. Differences between 
groups were determined by independent-samples t-test 
for variables with normal distribution, the Mann-Whitney 
test for variables without normal distribution, and the 
Pearson chi-squared test for categorical variables. Kaplan-
Meier procedure was used to estimate survival curves 
using any revision as an endpoint. Receiver operating 
characteristics (ROC) were constructed to define the best 

Table I. Patient characteristics.

Variable All patients

Patients who 
completed ten-year 
follow-up Revisions

Soft-tissue reaction, 
no revision

No revision, no soft-
tissue reaction

Total patients, n (hips) 116 (117) 94 (95) 19 (19) 26 (26) 49 (50)

Sex, n (%)
Males 54 (47) 44 (47) 5 (26) 14 (54) 26 (53)

Females 62 (53) 50 (53) 14 (74) 12 (46) 24 (47)

Mean age at follow-up, yrs (range) 70.2 (50 to 83) 71.2 (50 to 83) 67.8 (50 to 80) 72.2 (50 to 82) 71.9 (55 to 83)

Follow-up after index operation, yrs 
(range)

9.6 (3.9 to 12.2) 10.9 (10.1 to 12.2) 11.0 (10.0 to 11.8) 10.9 (9.9 to 11.8) 10.9 (9.9 to 11.8)

Side, n (%)
Left 41 (35.0) 32 (33.7) 4 (21) 8 (30.8) 20 (40.0)

Right 76 (64.9) 63 (66.3) 15 (78.9) 18 (69.2) 30 (60.0)

Pseudotumour, n (%) 44 (37.9) 39 (41.5) 13 (68.4) 26 (100.0) 0 (0.0)

Fig. 2

a) Kaplan-Meier implant survival estimate for revision-free survival (all revision causes).b) Kaplan-Meier implant survival analysis for pseudotumour and 
without pseudotumour (p = 0.005, log-rank test).
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cut-off point for cobalt levels. A two-sided p-value < 0.05 
was considered significant. Statistical software (SPSS 
Statistics, v. 23.0; IBM, USA) was used for all statistical 
analyses.

Results
The trial profile is listed in Figure 1. Initially, 116 patients 
(117) hips were included. Ultimately, 94  patients (95 
hips) completed the ten-year follow-up period: however, 
11 patients were lost to follow-up, one was revised prior 
the screening in 2010 for an infection, four refused further 
follow-up, and six patients died in the follow-up period 
due to unrelated reasons.
Patients and demographics.  The cohort contained 
54 males (55 hips) and 62 females (62 hips) with a mean 
age at index surgery of 60.1 years (38 to 72). All patients 
were diagnosed with primary OA. The characteristics of 
the 116  patients are shown in Table  I. Mean follow-up 
after the index operation was 9.6 years (3.9 to 12.2).
CT scan evaluation.  In 2010, all eligible patients (116 pa-
tients/117 hips) were evaluated with an initial (baseline) 
CT scan. As 24 patients were operated on between 2005 
and 2006, the initial CT scan was the five-year follow-up 
scan; they were also scanned at ten years follow-up.

The remaining hips received the first CT scan in 2010, 
the second scan five years after the index operation, and a 
third scan ten years after the index operation. One patient 
was revised for an infection before 2010 and therefore 

did not received a CT scan in 2010. Another 18 hips were 
revised between the five- and ten-year follow-up. Ulti-
mately, the ten-year CT scan was performed in 77 hips.
Soft-tissue reaction.  A total of 42 (39%) soft-tissue reac-
tions met the criteria of a pseudotumour and were diag-
nosed in our previous study evaluating the initial CT scan 
of 2010.4 Of the 22 patients that were lost to follow-up, 
five (23%) had a pseudotumour and were excluded from 
further statistical analysis (Figure 1).

After comparing the CT scans at five and ten years, 
we found in four patients that there was regression of 
the pseudotumour, and in 19 patients that the pseudo-
tumour remained unchanged. In one patient there was 
a progression of the pseudotumour. In two patients, 
there was a new symptomatic (painful) pseudotumour 
and one of them was subsequently revised. Between five 
and tenyears of follow-up, 13  patients were revised for 
a pseudotumour. At ten years follow-up, we found 39 
pseudotumours in 95 hips (41%).
Revisions.  A total of 19 hips (16%) were revised during 
the ten-year follow-up: 13 for a symptomatic pseudotu-
mour, three for pain without a pseudotumour, one for 
aseptic loosening, one for infection, and one for asymp-
tomatic extensive progressive osteolysis. Mean time to 
revision was 4.7 years (2.1 to 7.7) after index operation.
Implant survival.  In all, 13 hips were revised with-
in three years after starting the screening protocol in 
2010. Revision-free survival was 82.4% after ten years. 

Fig. 3

a) Median cobalt levels for men and women without a revision. b) Median cobalt levels of patients with and without a pseudotumour. c) Four groups of 
cobalt levels, normal < 2 µg/L (group 1 (n = 20)), normal to high, 2 to 5 µg/L (group 2 (n = 41)), elevated 5 to 10 µg/L (group 3 (n = 15)) and extremely 
elevated > 10 µg/L (group 4 (n = 19)) at follow-up; the first measurement in 2010 allocated patients to a specific group.
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Revision-free survival after ten years with a pseudotu-
mour was 66.7% and without a pseudotumour 92.4% (p 
= 0.005, log-rank test) (Figure 2).
Metal ions analysis.  A total of 546 blood samples were 
analyzed, with a median of five samples per patient. The 
development of cobalt levels during the ten-year follow-
up period is shown in Figure  3. Median level of cobalt 
at ten years follow-up was 5.3 µg/l (0.7 to 38.8; n = 48) 
in the group without a pseudotumour, 12.7 µg/l (0.6 to 
105.9; n = 19) in the group with an unchanged pseu-
dotumour, 7.2 µg/l (1.3 to 17.7; n = 2) in the group with 
progression of the pseudotumour, and 2.0 µg/l (0.9 to 
4.9; n = 4) in the group with regression of the pseudotu-
mour. ROC curve showed poor discriminatory ability for 
cobalt in predicting pseudotumour formation (Figure 4).

Discussion
In this study, we evaluated ten years of extensive moni-
toring of a prospectively followed cohort of patients with 
large-head MoM THA. Initial CT scan revealed a high inci-
dence of pseudotumours. This resulted in an unaccept-
ably high revision rate of 17.6% after ten years.

Sequential CT scans reveal progression of a soft 
tissue mass to be rare. Patients who did have a progres-
sive lesion were found to have a symptomatic (painful) 

hip. Detectable pseudotumour formation therefore 
seems to develop early (within the first five years) after 
implantation.

There were only minor fluctuations in cobalt levels in 
patients with a level < 10 µg/l; fluctuations at a level > 
10 µg/l were modest. Cobalt is a poor predictor for the 
presence of a pathological soft-tissue mass, and in our 
experience contributed little to the decision of whether 
or not to perform a hip revision. Different studies report 
on the survival of the M2a-Magnum articulation we used 
in this study, albeit with different stems.4,5,18-21 In our 
previous study, survival was 88% after 3.6  years.5 In a 
similar study conducted by Boland et al,22 a comparable 
survival of 92.4% was found after five years.

This study shows a revision-free survival of 82.4% after 
ten years. This survival rate is comparable to that reported 
by the four largest implant registries of MoM THA.6,12,23-25 
Other studies report that in asymptomatic patients with 
normal blood metal ion levels (< 2  μg/l) and normal 
ultrasound imaging, the risk of progression of ultrasound 
findings is small within five years of initial assessment.26,27

Besides the local effect of metal debris, there are 
concerns about possible systemic toxic effects of elevated 
levels of metal ions found in large-diameter MoM THA.28,29 
Risk factors for elevated blood levels are malposition, 

Fig. 4

Receiver operating characteristic curve for blood cobalt.
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taper issues, and prosthesis design.30,31 Systemic metal 
ion levels decline after revision.

The MoM wear trend is biphasic. Run-in wear with 
a maximum of two years is followed by steady-state 
wear.32,33 The patients in our group were assumed to be 
in the steady-state wear because the extensive screening 
protocol started after a minimum of three years after the 
index operation. Our study adds evidence to the hypoth-
esis that elevated blood metal ion levels, as reported 
by several institutions, have poor discriminant ability in 
predicting pseudotumour formation.26,27

In a study on MoM hip resurfacing, it was noted that 
the discriminatory capacity of cobalt alone was similar to 
cobalt and chromium combined, suggesting the limited 
utility of chromium ion levels.34 It was recommended 
that the decision for revision surgery cannot be made 
based on blood metal ion values. Most current guidelines 
advice against the use of systemic metal ions alone for the 
decision to revise a MoM hip prosthesis.10,11

We believe that the decision for revision should be 
based on the clinical scenario of symptoms, radiolog-
ical findings, and, to a lesser extent, systemic metal ions. 
We trust the results of this study to be valid because we 
report on a unique prospective cohort of MoM THAs with 
an extensive screening protocol with clinical follow-up, 
elaborate imaging, and metal ion measurements during 
ten years of follow-up.
Limitations.  Our study has several limitations. The num-
ber of included patients is small. Furthermore, the use 
of CT scan to detect soft-tissue masses around metal 
hip articulations is a subject of debate.34,35 Similarly to 
MRI, the usefulness of CT scan is largely dependent on 
the quality of the scanner and the implementation of 
metal artefact reduction algorithms. CT scan has the 
advantages of being more readily available than MRI, 
is fast and low-cost, and with the introduction of low-
dose protocols the radiation dose is strongly reduced. 
Measuring implant orientation is much more reliable, 
and CT is superior to all other imaging methods in de-
tecting osteolysis.35,36

In conclusion, this study reveals a high revision rate 
of large-head MoM THA after ten-year concise follow-up. 
Time to onset of symptoms, as well as development of 
soft-tissue reactions and raised metal ion levels, rarely 
exceeds four years post-implantation. This suggests that 
abnormalities occur in the early years after implanta-
tion and subsequently develop into a steady state. We 
therefore advise screening patients with cross-sectional 
imaging and metal ion levels within five years of implan-
tation of a MoM hip prosthesis. In the absence of signifi-
cant abnormalities on initial screening, we advise against 
the use of routine repeated cross-sectional imaging or 
measurement of systemic metal ions in asymptomatic 
patients.

Take home message
  - The decision for revision a large-diameter metal-on-metal 

(MoM) total hip arthroplasty (THA) should be based on the 
clinical scenario of symptoms, radiological findings, and, to a 

lesser extent, systemic metal ions.
  - In the absence of significant abnormalities on initial screening, routine 

repeated cross-sectional imaging or measurement of systemic metal 
ions in asymptomatic patients with a large-diameter MoM THA is not 
necessary.
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