
Acta Orthopaedica 2022; 93: 241–248 241

Repeated metal ion measurements and long-term  
outcome of Durom/MMC total hip arthroplasty

Sakari PIETILÄINEN 1,2, Erno SMEDBERG 2, Inari LAAKSONEN 1,2, Mikko S VENÄLÄINEN 3,4, 
Petteri LANKINEN 1,2,5, and Keijo T MÄKELÄ 1,2 

1 Department of Orthopaedics and Traumatology, Turku University Hospital; 2 University of Turku; 3 Turku Bioscience Centre, 
University of Turku and Åbo Akademi University; 4 Division of Medical Imaging, Department of Medical Physics, Turku 
University Hospital, Turku; 5 Department of Administration, Satakunta Central Hospital, Pori, Finland
Correspondence: sakari.pietilainen@gmail.com
Submitted 2021-06-21. Accepted 2021-12-19.

© 2022 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed 
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing 
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes, 
provided proper attribution to the original work.
DOI 10.2340/17453674.2022.1444

Background and purpose — Data regarding long-term 
behavior of metal ion levels in metal-on-metal total hip 
arthroplasty (MoM THA) patients is scarce. Therefore, we 
assessed whether there is any change in whole blood (WB) 
chromium (Cr), and cobalt (Co) ion measurements in Durom 
and MMC MoM THA patients over time. The secondary aim 
was to report the clinical outcomes using these devices in a 
single district.

Patients and methods — Durom and MMC cups were 
used in 249 MoM THAs from 2005 to 2011 in our district. 
Median follow-up time was 12 years for Durom THA (inter-
quartile range [IQR] = 3) and 9 years for MMC THA (IQR = 
1). A random coefficient model was used to compare individ-
ual differences in repeated WB Cr and Co ion measurements. 
The Kaplan–Meier estimator was used to analyze implant 
survival with any reason for revision as the endpoint.

Results — Geometric means of Cr in Durom THA and 
MMC THA patients decreased from 2.2 ppb (geometric stan-
dard deviation [SD] = 1.9) to 1.5 ppb (geometric SD = 2.5, p 
< 0.001) and from 1.8 ppb (geometric SD = 1.8) to 1.1 ppb 
(geometric SD = 2.8, p = 0.01) respectively. The geometric 
means of Co values remained unchanged. The 10-year sur-
vival of Durom THA was 82%, and that of MMC THA 89% 
for any revision reason as endpoint.

Interpretation — WB Cr levels decreased over time, 
and Co levels remained unchanged at long-term follow-up. 
Despite this we recommend continuing the follow-up of 
these devices due to relatively low implant survival.

The Durom Metasul large-diameter head (LDH) MoM ace-
tabular device (Zimmer, Warsaw, IN, USA) was introduced 
in 2003. Overall, there were at least 3,000 implantations in 
Australia, England, and Finland (1-3). The Durom cup was 
found to have a high incidence of failure due to lack of osseo-
integration, and it was recalled in 2008 (4). The Zimmer MMC 
cup for LDH MoM THA was released in 2009 to address the 
problems of the Durom cup (5).

 After concerns regarding adverse reaction to metal debris 
(ARMD) emerged, the usage of MMC cups was ceased in 
2012 (6). While the revision rate of MoM THA has been rela-
tively high there are still a large number of patients with a 
MoM device in situ requiring surveillance (2,7). Because 
ARMD may be asymptomatic, patient-reported outcome mea-
surement (PROM) questionnaires, such as the Oxford Hip 
Score (OHS), are often not sufficient used alone to detect fail-
ing implants (8). Metal artefact reduction sequence magnetic 
resonance imaging (MARS-MRI) is a reliable tool to detect 
ARMD, but its utility in screening is limited due to availabil-
ity, cost, and patient compliance (9,10). Whole blood (WB) 
metal ions, chromium (Cr), and cobalt (Co), have a fundamen-
tal role in the screening of MoM THA patients, although low 
WB metal ion levels do not exclude ARMD (11,12).

We assessed whether there is any change in the WB metal 
ion levels in the long term in Durom/MMC THA patients. 
We also assessed clinical outcomes, risk factors for revision 
surgery and radiological outcomes of Durom/MMC THA 
patients. We hypothesized that WB metal ion levels are not 
increasing during the long-term follow-up of these patients.



Acta Orthopaedica 2022; 93: 241–248  242

Patients and methods 

We conducted a retrospective cohort study to assess long-term 
WB Co and Cr level changes and clinical outcomes in Durom 
and MMC THA patients. Turku University Hospital electronic 
data pool was used as a data source. We identified all Durom 
and MMC THAs operated on in our district from March 2005 
to January 2011. Unilateral Durom/MMC patients who had a 
different brand of MoM hip arthroplasty on the contralateral 
hip were excluded. The patients were followed until revision 
operation, death, or by the date of October 28, 2019. 

We started the systematic screening of MoM hips in 2012, 
when the ARMD problems became evident. Before that there 
were only hospital-specific follow-up schedules. The studied 
implants were not considered to be in a “run in” period when 
the first ion measurements were performed (13). The screen-
ing program is based on the national follow-up protocol rec-
ommended by the Finnish Arthroplasty Society. The follow-
up was planned to continue until further notice, based on, e.g., 
new data available. 

According to the screening program all patients with MoM 
hip arthroplasty should go through clinical examination and/
or a symptom questionnaire, plain radiographs, and WB Co 
and Cr ion measurements at least once. If these tests are con-
sidered normal, plain radiographs are repeated every 4th year 
and ion levels every 2nd year. 

Symptomatic patients, and patients with metal ions above 5 
ppb, undergo anteroposterior and shoot-through lateral radio-
graphs of the hip every 2 years. In asymptomatic patients with 
low metal ions these radiographs are taken at a 4-year interval. 
Cr and Co ion measurements and Oxford Hip Score (OHS) 
questionnaires are checked on a 1- to 2-year interval depend-
ing on the symptom state and previous metal ion levels. The 
OHS questionnaire scale has been presented previously (14). 
If the patient had a symptomatic hip (poor or moderate post-
operative OHS scores), or Cr and/or Co concentrations above 
5 ppb, they were scheduled for MARS-MRI imaging of the 
hip. OHS results of the current study are presented as Supple-
mentary data.

If MARS-MRI is considered normal, these patients undergo 
clinical examination, symptom questionnaire, and blood metal 
ion level measurements every year or every 2nd year depend-
ing on the case. Plain radiographs are taken every 2nd year. 
Repeated MARS-MRI is recommended if blood metal ion 
levels increase or there is progression in symptoms. 

The details of WB Co and Cr laboratory analyses have been 
described previously (15,16). 

We used safe upper limit (SUL) values of 4.6 ppb for Cr 
and of 4.0 ppb for Co for unilateral implants. For bilateral 
implants we used SUL values of 7.4 ppb for Cr and 5.0 ppb 
for Co as suggested earlier by Van Der Straeten et al. (17). The 
number of patients who had Co or Cr ions above the SUL in 
the repeated measurement were reported. 

All MARS-MRI images available were evaluated by a mus-
culoskeletal radiologist experienced with ARMD-associated 
pathologies (see Supplementary data). Fluid collections and 
soft tissue masses were graded by the Hart pseudotumor clas-
sification (18). Operative data such as femoral head size and 
reasons for revision were collected manually from the medical 
records. The number of metal-related adverse events (pseudo-
tumors, elevated metal ions above the SUL, or revision due to 
ARMD) were assessed separately for Durom and MMC THAs 
(see Supplementary data). 

Patients
We identified 227 patients (249 hips) with a Durom or MMC 
THA. 22 of these patients (44 hips) had a bilateral THA (20 
patients with Durom THA and 2 MMC THA). From the 249 
hips, there were 126 Durom—CLS, 70 Durom—M/L Taper 
and 53 MMC—M/L Taper THAs. Median age of the patients 
was 68 years (IQR 14) and 108 (48%) were women. The 
median follow-up time for Durom THA was 12 years (IQR 3) 
and 9 years (IQR 1) for MMC THA (Table 1). 12 patients were 
revised before metal ion measurements started and 58 patients 
died during the follow-up.

There were 114 patients with less than 2 repeated metal 
ion measurements (Durom THA: median 1 [IQR 2], MMC 
THA: median 2 [IQR 1]). 113 patients had 2 or more metal ion 
measurements (83 Durom THA patients, 30 MMC THA). The 
median time elapsing from the index THA to the first metal ion 
measurement (initial measurement) was 6 years (IQR 4). In 
staged bilateral patients the median time was calculated from 
the 2nd hip replacement operation. The median time from the 

Table 1. Patient characteristics. Values are n (%)

 Operations  Patients 
 n = 249  n = 227

Age   
 18–59 60 (24) 51 (23)
 60–69 87 (35) 80 (35)
 ≥ 70 102 (41) 96 (42)
Sex   
 Female 116 (47) 108 (48)
 Male 133 (53) 119 (52)
Cup   
 Durom 200 (80) 180 (79)
 MMC 49 (20) 47 (21) 
Bilateral
 No 205 (82) 205 (90) 
 Yes 44 (18) 22 (10) 
Prior operation   
 No 235 (94)  
 Yes 14 (6) 
Anteversion angle  
 > 0° 236 (95)  
 ≤ 0° 13 (5)  
Inclination angle   
 0°–29° 5 (2)  
 30°–49° 178 (71) 
  ≥ 50° 66 (27)
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initial metal ion measurement to the last metal ion measure-
ment (control measurement) was 3 years (IQR 1) and was con-
sidered as the measurement interval. The change between the 
first and the last metal ion measurement was assessed. The 
individual metal ion measurement time points with respect to 
the index operation are presented in Figure 1. The radiological 
measurements methods are reported in Supplementary data. 

Statistics
The individual differences in repeated WB metal ion measure-
ments were modelled using a random coefficient model for the 
same patient. In the models, log-transformed metal ion levels 
were used because of the positively skewed dispersion of ion 
levels. Spaghetti plots for naturally log-transformed ion levels 
were generated to demonstrate the individual changes between 
initial and control metal ion measurements (Figure 2). Medi-
ans with interquartile range (IQR), range, and geometric means 
with geometric standard deviation (GSD) were calculated at the 
initial and control measurements for better interpretability. The 
maximum ion values between patients with and without pseu-
dotumors were compared using Wilcoxon’s rank sum test. The 
Kaplan–Meier estimator was used to analyze the survivorship 
function for overall survival (revision surgery for any reason as 
the endpoint), and separately for metal-related adverse events 
(pseudotumors, elevated metal ions above the SUL, or revision 
because of ARMD) (see Supplementary data) as the endpoint 
with 95% confidence intervals (CI). Both Kaplan–Meier analy-
ses included all operated joints separately, i.e., all unilateral 
operations and both joints from bilateral patients. All revisions 
were manually checked from medical records. 

In survival analyses focusing on metal-related adverse 
events, the hips that were revised for reasons other than 
ARMD, either before or after the screening program was 

introduced, were censored at the time of revision. Further-
more, ion measurements taking place after the revision were 
excluded from the analysis except for hips that had the same 
bearing surface even after the revision. For these hips the post-
revision ion measurements were also considered in the metal 
ion level analyses.

Univariable Cox proportional hazards (PH) regression anal-
ysis was used to calculate hazard ratios (HR) with 95% CI for 
revision for any reason, and separately for any metal-related 
adverse event (pseudotumor, metal ions above SUL, or revi-
sion due to ARMD) (see Supplementary data). 

All models were stratified by MoM device. Additionally, we 
performed multivariable analysis for variables with potential 
confounding bias by choosing the adjusting variables based on 
a directed acyclic graph (DAG) analysis.

DAG (Figure 3) was constructed under the following 
assumptions:
1. Revision surgery or metal-related adverse events are 

dependent on age, sex, bilateral surgery, inclination angle, 
anteversion angle, and head diameter.

2. Bilateral surgery is dependent on age because both hips are 
seldom operated on in the elderly.

3. Head diameter is dependent on sex because head diameter 
is on average smaller in women.

According to DAG, the estimates for bilateral surgery were 
adjusted for age and the estimates for head diameter were 
adjusted for sex. The PH assumption for all Cox models was 
assessed by a statistical test based on scaled Schoenfeld resid-
uals (19). To achieve the PH function assumption for metal-
related adverse events analysis, cup inclination angle outliers 
(< 30° or ≥ 50°) were combined to a single outlier group. 

P-values below 0.05 were considered statistically signifi-
cant. Data analysis was performed using the R statistical com-
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puting environment version 4.0.3 (R Foundation for Statisti-
cal Computing, Vienna, Austria. R packages survival (version 
3.2-10) and ggplot2 (version 3.3.3) were used for survival 
analysis and visualizations, respectively.

Ethics, funding, and potential conflicts of interest
The study protocol was based on the national recommenda-
tion for systematic screening of MoM THA patients given 
by the Finnish Arthroplasty Society (20). It was a register 
study, and the patients were not directly contacted. There-
fore, approval by the local ethical committee was not needed. 
Data sharing is not possible. SP has received research funding 
from Turku University regarding the follow-up of MoM hip 
arthroplasty patients. MSV reports funding from the Acad-
emy of Finland (grant no. 322123). ES, IL, PL ,and KTM 
have nothing to disclose.

Results

The geometric mean of WB Cr decreased (p < 0.001) in Durom 
THA patients from 2.2 ppb (GSD 1.9) to 1.5 ppb (GSD 2.5) 
and in MMC THA patients from 1.8 ppb (GSD 1.8) to 1.1 ppb 
(GSD 2.8, p = 0.01). The geometric mean of WB Co remained 
unchanged in Durom THA patients with 4.6 ppb (GSD 2.6) at 
the initial measurement and 4.9 ppb (GSD 2.8, p = 0.2) at the 
control measurement. In MMC THA patients the geometric 
mean of Co was 2.2 ppb (GSD 2.6) at the initial measurement 
and 2.3 ppb (GSD 3.6, p = 0.6) at the control measurement 
(Table 2 and Figure 2).

Among patients with at least two ion measurements avail-
able, 59 patients (53%, 52 unilateral, 7 bilateral patients) had 
a Co value above the SUL and 12 patients (11%, all unilateral) 

had Cr value above the SUL in the first measurement. When 
the last metal ion measurement was assessed, 65 patients 
(58%, 57 unilateral, 8 bilateral patients) had a Co value above 
the SUL and 10 patients (9%, all unilateral) had a Cr value 
above the SUL. Spaghetti plots for individual WB Co and 
Cr changes at initial and control measurement are shown in 
Figure 2.

44 (22%) Durom THAs were revised, and the most common 
reason was ARMD (27 revisions). 5 hips (9%) were revised in 
the MMC THA group and similarly ARMD was most often 
the reason for revision (3 revisions) (Table 3). The 10-year 
survival of Durom THA was 82% (CI 0.77–0.88) with any 
reason for revision as the endpoint. The 10-year survival of 
MMC THA with any reason for revision as the endpoint was 
89% (CI 0.80–0.99) (Figure 4). Female sex was the only factor 
that was associated with increased risk of revision (HR = 2.4, 
p = 0.003) (Table 4).

Discussion 

The main aim of the study was to assess whether there is any 
change in WB Cr and Co levels in Durom and MMC MoM 
THA patients over time. WB Cr levels decreased and Co ions 

Table 2. Metal ion changes with p-values for patients with 2 or more 
metal ion measurements

Factor Initial Control p-value

Durom THA (n = 82)  
 Co Median (IQR) 5.6 (5.5) 6.6 (5.4) 
      Geometric mean (GSD) 4.6 (2.6) 4.9 (2.84) 0.2
      Minimum–maximum 0.5–32 0.4–24 
 Cr Median (IQR) 2.0 (1.9) 1.5 (1.5) 
      Geometric mean (GSD) 2.2 (1.9) 1.5 (2.5) < 0.001
      Minimum–maximum 0.7–15 0.2–17 
MMC THA (n = 30)   
 Co Median (IQR) 1.8 (2.2) 2.1 (4.8) 
      Geometric mean (GSD) 2.2 (2.6) 2.3 (3.6) 0.6
      Minimum–maximum 0.6–57 0.4–88
 Cr Median (IQR) 1.6 (0.9) 1.1 (1.3) 
      Geometric mean (GSD) 1.8 (1.8) 1.1 (2.8) 0.01
      Minimum–maximum 0.9–24 0.2–33

GSD – geometric standard deviation
Values are presented in ppb, which is equal to μg/L. 
To convert ppb of Cr to nmol/L it is necessary to divide by 0.052. 
To convert ppb of Co to nmol/L it is necessary to divide by 0.059.

Table 3. Reasons for revision for both study devices

Reasons for revision  Durom THA MMC THA

ARMD 27 3
Periprosthetic fracture 2 
Loosening of the cup 6 
Loosening of the femoral component 2  
Osteolysis 2  
Infection 3 1
Pain 2 1
Total 44 5
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Figure 4. Kaplan–Meier survival curves for both Durom THA and MMC 
THA with revision for any reason as the endpoint with 95% CI.
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remained unchanged during the follow-up. The proportion 
of patients with metal ions above the SUL did not increase 
during the follow-up. The number of metal-related adverse 
events was high, but most of these patients did not require 
revision operation. 

While metal ion measurements have a role in the screen-
ing of MoM THA patients, there is no international consensus 
on optimal measurement interval (12). Normal WB metal ion 
values do not exclude ARMD and elevated metal ion levels 
do not solely dictate the need for revision surgery. However, 
elevated metal ion levels are associated with increased wear 
and further examinations might reveal a failing hip that other-
wise might have been missed (11,12). The decision to perform 
a revision operation is also affected, besides ion levels, by the 
patient’s subjective feelings regarding the hip. If the patient 
is satisfied with the hip, revision surgery is often not needed. 
Many patients in our study had a surprisingly high OHS score 
(see Supplementary data). Current guidelines in Finland rec-
ommend repeated metal ion measurements every 2 years for 
all MoM hip devices. Conversely, the FDA does not recom-
mend the routine usage of WB metal ion measurements at all 
in the screening of MoM patients (21). While the survival of 
different MoM hip implants varies (2,3), it might also be rea-
sonable to have differing follow-up protocols for each brand 
from the cost-effective point of view. We have previously 
stated that if initial WB Cr or Co values are low, repeated metal 
ion measurement at 2-year intervals does not necessarily pro-
vide clinically useful information for patients with unilateral 
or bilateral M2A-ReCap-Magnum MoM THA (15,16). Also, 
Kiran and colleagues have previously suggested that large-
head MoM THA patients might not benefit from annual metal 

ion measurements if they were asymptomatic (22). We are not 
aware of any previous reports regarding the repeated metal ion 
measurements of Durom or MMC MoM THA patients. Our 
findings advocate that Durom or MMC THA patients do not 
necessarily benefit from repeated metal ion measurements at 
3-year intervals if WB metal ions are initially below the SUL. 
Our results do not explain why the number of patients with Cr 
ion levels above the SUL differs from the number of patients 
with Co ion levels above the SUL. Further studies are required 
to explain this discrepancy.

The overall implant survival of Durom and MMC THA in 
our series was in conformity with previous studies. Seppänen 
et al. reported in 2018 an overall 10-year survival of 81% for 
Durom/MMC THA based on the Finnish Arthroplasty Regis-
ter (FAR) (23). In an Australian population the 10-year revi-
sion rate for the Durom cup was 16% (2). ARMD was the 
most common reason for revision in our cohort (13% of all 
patients, 59% of revisions), as expected based on previous 
registry data (1). Inferior long-term survivorship for Durom/
MMC THA due to ARMD has been reported also in some 
clinical studies. Ridon et al. reported in 2019 that ARMD 
was the reason for revision in 29% of Durom THA patients, 
with an overall 10-year survival of 67% (24). Lainiala et al. 
reported a survivorship of 92% for Durom THA at 7 years 
with ARMD as the most common reason for revision (83% of 
all revisions), although they did not separate the Durom and 
MMC THAs (25). Our data suggests that MMC THA performs 
slightly better than the Durom THA, although the numbers 
were small. The 10-year revision rate of Durom—CLS THA 
is somewhat higher (25%) than that of Durom—M/L Taper 
(12%) or MMC M/L Taper combination (8.8%) based on the 
FAR data. The 10-year revision rate for the M/L Taper stem 
in conventional THA combinations varies from 5% to 9% (3). 
The better performance of the M/L Taper stem compared with 
the CLS stem may cause some minor bias to our results.

Inferior survivorship of MoM hip implants in female patients 
has been reported previously (21). Bilateral surgery, femoral 
head size, or older age were not associated with an increased 
risk of revision in our study. Naal et al. have previously 
reported that femoral head size is not necessarily associated 
with increased revision risk in Durom HRA patients. Similar 
to our study, women had a higher revision rate than men (26).

We acknowledge that our study has several limitations. First, 
our study design was retrospective. Not all the study patients 
underwent WB metal ion measurements. However, we were 
also interested in variables and outcomes other than ion levels 
(such as revision rate). Therefore, we decided to present data 
of the whole Durom/MMC-group as such, although missing 
data exists. MARS-MRI was performed only on patients with 
a symptomatic hip or elevated WB metal ions (above 5 ppb), 
and the incidence of pseudotumors in the MRI does not rep-
resent the whole cohort. Some of the patients with poor func-
tional outcome may have been revised before participating in 
metal ion measurements. 

Table 4. Cox regression analysis data with 95% CI for revision for 
any reason

Factor Hazard ratio (95% CI) p-value

Unadjusted Hazard ratio
 Age (ref. < 60)    
  60–69 1.1   (0.55–2.1) 0.8
  ≥ 70 0.81 (0.38–1.7) 0.6
 Female sex (ref. male sex) 2.4   (1.3–4.4) 0.003
 Bilateral surgery (ref. “no”) 0.96 (0.46–2.0) 0.9
 Inclination angle (ref. 30°–49°)   
  < 30° 1.0   (0.14–7.5) 1.0
  ≥ 50° 0.90 (0.47–1.7) 0.8
 Anteversion angle ≤ 0° (ref. > 0°) 1.4   (0.49–3.9) 0.5
 Head diameter (ref. > 52 mm)   
  46–52 mm 1.7   (0.60–4.8) 0.3
  < 46 mm 2.9   (0.94–8.8) 0.06
Adjusted Hazard ratio
 Bilateral surgery (ref. “no”) 0.95 (0.46–2.0) 0.9
 Head diameter (ref. > 52 mm)   
  46–52 mm 1.3   (0.44–3.8) 0.6
  < 46 mm 1.7   (0.49–5.5) 0.4
    
In the multivariable analysis bilateral surgery was adjusted for age 
and head diameter was adjusted for sex. All models were stratified 
according to MoM THA device.
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The main aim of our study was to evaluate the change in 
metal ion levels in repeated measurements. Unfortunately, 
metal ion level data are not available in the national arthro-
plasty register. In Finland, most of the revision operations are 
usually performed in the same hospital district area where the 
primary implantations were performed. Therefore, we consid-
ered that linking our data with the national register would not 
have altered our results substantially. We think that this bias 
on our revision rates is minor. We did not have preoperative 
OHS scores and not all patients filled in a postoperative OHS 
questionnaire. The radiographic angle measurements were 
performed in a standard way as described in the Supplemen-
tary data, but intra- or inter-class variation was not separately 
assessed. However, we think this potential bias has only a 
minor effect on our results.

In conclusion, WB Cr decreased and WB Co remained 
unchanged in Durom and MMC MoM THA patients. The 
number of metal-related adverse events was high, but most of 
them did not require revision.

KTM and MSV designed the protocol and methods. KTM arranged the 
follow-up of the patients. MSV analyzed the data and did the statistics. SP, 
ES and KTM collected the data. SP, ES, IL, PL, and KTM wrote the manu-
script. All authors contributed to the revision of the manuscript.
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Supplementary data

Supplementary methods (radiological 
measurements)

The cup anteversion and inclination were measured using 
Carestream Vue PACS software angle measurement tool from 
standard pelvic AP and lateral shoot-through radiographs. 
Because the measurement of the anteversion angle may be 
challenging from lateral radiographs, we categorized the cups 
into two subgroups, “retroverted” and “not retroverted,” for 
the purpose of regression analysis (numbers and distribution 
of the data supported this). The measured cup anteversion was 
compared with the horizontal image plane. Cup inclination 
was measured from AP pelvis radiographs by drawing a line 
tangential to the acetabular cup, and another line between the 
ischial tuberosities. For 18 patients this angle was estimated 
from AP radiographs of the hip because pelvic radiographs 
were missing. 

The inclination angle subgroups were based on the long-held 
principle of a “safe zone” for acetabular implants (1). 30°–49° 
was considered as the optimal inclination (reference). Inclina-
tion angles below and above this angle were considered as 
their own subgroups. There were 97 patients (109 hips) with 
MARS-MRI imaging of the hip. Postoperative OHS scores 
were available for 167 patients (183 hips). 

Supplementary results

We identified 97 patients (109 hips) with a postoperative 
MARS-MRI of the hip. A pseudotumor was found in 66 hips 
(61%). The majority (40) were Hart 2A or 2B pseudotumors. 
Hart 3 pseudotumor was identified in eight hips, and Hart 1 
pseudotumor was diagnosed in 18 hips. There were 29 hips 
with repeated MARS-MRI imaging. Most hips (n = 29) with 
repeated MRI imaging had undergone 2 MRI imaging ses-
sions, while 2 hips had 3 MRI imaging sessions. 10 patients 
had normal MRI images in both the initial and repeated 
MARS-MRI. There were 5 patients with Hart 1 pseudotumor 
in the initial MRI, but no visible pseudotumor in the repeated 
MARS-MRI. 3 patients had normal MRI initially but were 
diagnosed with a pseudotumor in the repeated MRI. 6 pseu-
dotumors increased in size in the repeated MRI but the grade 
remained the same, and in 1 patient both the grade and size of 
the pseudotumor increased. 4 patients had a similar pseudotu-
mor on the repeated MRI. 

The maximum metal ion values of patients with a MARS-
MRI were assessed in a subgroup analysis. In cases where 
MARS-MRI was considered normal, the geometric mean of 
Co was 7.5 ppb (GSD 2.2). If pseudotumor was diagnosed the 
geometric mean of Co was 8.9 (GSD 2.5, p = 0.06). Similarly, 

the geometric mean of Cr in patients with normal MARS-MRI 
was 2.5 ppb (GSD 2.1) while patients with a diagnosed pseu-
dotumor had a geometric mean of 3.0 ppb (GSD 2.2, p = 0.2).

The number of metal-related adverse events (pseudotumor, 
metal ions above SUL, or revision due to ARMD) was 233 
in 120 patients (133 hips: Durom 117, MMC 16). A total of 
56 patients had one metal-related adverse event, while 30 
patients had two metal-related adverse events. Additionally, 
34 patients had 3 or more metal-related adverse events. The 
10-year survivorship in terms of metal-related adverse event 
as the endpoint (with 95% CI) for Durom THA was 36% (CI 
0.29–0.44), while the 10-year survivorship of MMC THA in 
terms of metal-related adverse event as the endpoint was 63% 
(CI 0.50–0.80) (Supplementary Figure).

167 patients completed the OHS questionnaire postopera-
tively for 183 hips. One-fourth of the patients reported poor 
or moderate outcomes (19 [10%] bad and 20 [11%] moderate) 
while the vast majority of the patients had good to excellent 
outcomes (41 [22%] good, 103 [56%] excellent). The mean 
OHS was 40 (SD 9.8) and the median OHS was 44 (IQR 12). 
The distribution of OHS scores was similar in both Durom 
and MMC patients. 

Female sex was the only factor that was associated with a 
higher risk of adverse metal-related events (HR 1.5, p = 0.03) 
(Supplementary Table).

Supplementary discussion

Durom and MMC metal-on-metal (MoM) devices as well as 
other MoM hip brands were developed to avoid problems with 
polyethylene wear. Larger head sizes were also associated with 
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Supplementary Figure. Kaplan–Meier survival analysis for both Durom 
THA and MMC THA with metal related adverse events as the endpoint 
with 95% CI.
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decreased dislocation revision risk. Both implants were used 
especially in the young and active population. The Durom cup 
has a high carbon content and forged chrome-cobalt (Cr-Co) 
alloy structure with optimized clearance. One theory behind 
the inferior results of the Durom cup was that the rim may 
cause poor contact with the prepared acetabular bone, which 
may lead to poor osseointegration and early failure.

We considered that revision rate alone may not adequately 
represent the rate of functional failure. Therefore, we per-
formed a separate survival analysis in terms of metal-related 
adverse event as the endpoint (elevated metal ions above the 
SUL, revision due to ARMD, pseudotumor in MARS-MRI). 
The 10-year survival of Durom hips was only 36% while the 
10-year survival of MMC hips was 63%. 

Even though the amount of metal-related adverse events 
was high, the majority of the patients reported good to excel-
lent OHS scores postoperatively. All OHS data was collected 
postoperatively as part of the screening in our study, so we 
do not have preoperative data. OHS data from all patients at 
a certain timepoint, e.g., 7 years after operation, is not avail-
able. However, the vast majority of the patients reported good 
to excellent outcomes after Durom/MMC THA implantation, 
which suggests that patients were mainly satisfied with their 
total hip. 

Since not all patients underwent metal ion measurements 
or MARS-MRI imaging the true amount of metal-related 
adverse events might be higher. It is possible that Cox pro-
portional hazards regression analysis could provide slightly 
different hazard ratios without missing data. Bilateral surgery 
was associated with an increased risk of metal-related adverse 

events based on our data, whereas femoral head size or older 
age were not. The higher rate of aseptic loosening in Durom 
cups might cause unexpected movement of the cup predispos-
ing implants to edge loading and ARMD (2,3). Cup position 
was not associated with an increased risk of metal-related 
adverse events in our study, although the total numbers were 
small. 

In our study, 75 out of 125 (60%) patients with MARS-MRI 
had pseudotumor, but direct comparison with other studies is 
not possible as we performed MARS-MRI only if suggested 
by the screening protocol. Repeated MARS-MRI changed to 
normal in many of the initial Hart 1 pseudotumor cases, and 
the normal finding remained so in most cases. There was no 
difference in the metal ion levels of patients with a pseudotu-
mor in MARS-MRI and patients with a normal MARS-MRI 
in the subgroup analysis. However, MARS-MRI was per-
formed only for patients who had symptoms or elevated metal 
ion levels, which might cause selection bias.

There are 2 previous reports we are aware of concern-
ing incidence of pseudotumors in Durom THA patients. 70 
patients of the 102 (68%) in the study of Sutphen et al. (4) and 
34 of the 58 (59%) in the study of Hart et al. (5) had pseudotu-
mor visible in MARS-MRI. The study of Sutphen et al. (4) had 
mostly Durom patients in their cohort, but the exact number 
was not reported. Similarly, Hart et al. (5) had also other MoM 
THA brands than Durom THA included in their study. 

Both studied implants (Durom/MMC) have a modular large 
diameter head that consists of CoCr alloy. Both stems are 
monoblock stems that are manufactured from titanium alloy 
with a similar taper size of 12/14. Modularity of the head pro-
vides flexibility for the surgeon, but it creates an additional 
metal-on-metal interface, where corrosion and wear may 
occur. Trunnionosis, which refers to corrosion occurring at the 
head–neck junction in poorly functioning THA implants, can 
increase the risk of ARMD further. As the head-taper junc-
tions are similar in both implants, we do not believe that trun-
nionosis causes bias to our study.
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Supplementary Table. Cox regression analysis data with 95% CI for  
revision due to adverse reaction to metal debris (ARMD), pseudotu-
mor, Co > SUL or Cr > SUL at any point during follow-up

Factor Hazard ratio (95% CI) p-value

Unadjusted Hazard ratio
 Age (ref. < 60)    
  60–69 0.77 (0.50–1.2) 0.2
  ≥ 70 0.92 (0.60–1.4) 0.7
 Female sex (ref. male sex) 1.5   (1.0–2.1) 0.03
 Bilateral surgery (ref. “no”) 1.2   (0.77–1.8) 0.4
 Inclination angle (ref. 30°–49°)   
  < 30° 1.5   (0.16–2.7) 0.6
  ≥ 50° 1.0   (0.66–1.4) 0.9
 Anteversion angle ≤ 0° (ref. > 0°) 1.3   (0.67–2.6) 0.4
 Head diameter (ref. > 52 mm)   
  46–52 mm 1.2   (0.72–2.0) 0.5
  < 46 mm 1.6   (0.88–2.9) 0.1
Adjusted Hazard ratio
 Bilateral surgery (ref. “no”) 1.1   (0.73–1.8) 0.6
 Head diameter (ref. > 52 mm)   
  46–52 mm 1.1   (0.63–1.8) 0.8
  < 46 mm 1.3   (0.66-2.5) 0.5
    
In the multivariable analysis bilateral surgery was adjusted for age 
and head diameter was adjusted for sex. All models were stratified 
according to MoM THA device.


