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Long-term clinical results of the Metasul metal-on-
metal total hip arthroplasty: 12.6 years follow-up of
128 primary total hip replacements
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ABSTRACT

Introduction: The purpose of the present study is to report the long-term clinical results of an uncemented total
hip arthroplasty (THA) using a Metasul metal-on-metal (MoM) 28-mm bearing and to evaluate the long-term
serum cobalt levels.

Methods: At an average of 12.6 years following primary THA, we retrospectively reviewed the clinical results of
the first 116 consecutive patients (128 THAs) in our institution who underwent 28-mm Metasul MoM THA. Of the
78 patients who were able to visit our outpatient clinic, serum cobalt levels were evaluated.

Results: The overall survival rate of the cohort was 96.1% (95% confidence interval [Cl], 93.2-99.6), 12.6 years
(95% Cl, 12.3-12.7 years) following surgery. 3 patients had undergone revision due to aseptic loosening of the
stem and 2 patients sustained a periprosthetic fracture. The average modified Harris Hip Score was 90 (72-97)
and the average Oxford Hip Score was 56 (48-60), representing both excellent outcome scores. The average se-
rum cobalt of the entire cohort was 20.1 nmol/L (range 8.5-227.7 nmol/L). Serum cobalt levels of patients with
a bilateral MoM THA were significantly higher (35.0 nmol/l, p<0.01). No relation between serum cobalt levels,
subjective outcome, radiolucent lines on radiographs and survivorship of the implant was noted.

Conclusions: Long-term results of the metasul MoM bearing articulation in THA seem to be excellent, although
cobalt serum levels should be monitored closely.
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Introduction

Uncemented total hip arthroplasty (THA) has been a suc-
cessful treatment for patients with symptomatic osteoarthri-
tis (OA) of the hip. Multiple reports, including data obtained
from the various national registries, describe good to excel-
lent long-term subjective outcome scores and survivorship of
the implant. However, osteolysis remains the most dominant
reason for revision surgery. Macrophage-induced bone re-
sorption as a result of polyethylene wear, is the well-defined
reason leading to osteolysis and subsequent aseptic loosen-
ing of the implant (1). Therefore, the minimisation of polyeth-
ylene wear plays a central role in the prevention of osteolysis
and implant longevity.

In order to limit articular friction and polyethylene wear,
the small diameter 28-mm metal-on-metal (MoM) THA was de-
veloped and introduced in the late 1980s. It was thought that
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the wear-related osteolysis would reduce, due to the lower
volumetric wear rate that would be produced. These potential
advantages are confirmed by several mid- to long-term reports
where an obvious reduced wear rate could be observed (2-4).
However, concerns remain about the potential local biological
and systematic adverse reactions of MoM designs as a result of
metal debris caused by friction (5, 6). These concerns are justi-
fied and a result of the high percentage of pseudotumours and
increased metallic blood serum levels among the MoM designs.
The majority of these studies reporting these worrisome side-
effects, are based on the larger diameter 36-mm MoM resur-
facting hip designs. These reports have led to sceptical thoughts
about the metal-on-metal bearing in hip replacement, not dis-
tinguishing between small diameter 28-mm total hip and the
larger 36-mm diameter resurfacing hip designs. Since the long-
term results of the 28-mm MoM THA are scarce, the purpose of
the present study is to report the long-term clinical results of a
large group of consecutive patients who underwent this type of
THA. The 2" goal of this study was to evaluate the serum cobalt
values in this group, since there is limited mid- and long-term
information about these levels following 28-mm MoM THA.

Materials and methods

Following institutional review board approval of our
hospital, we retrospectively reviewed the first 136 patients
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(150 THAs) that had undergone Metasul MoM THA from
September 2002 to December 2003 (mean age 62.1 + 6.8
years) in our hospital. All patients had undergone the iden-
tical cementless stemmed Metasul MoM THA. It consisted
of a Zweymidiller Alloclassic (Zimmer-GmbH) stem, an Allofit
(Zimmer-GmbH) acetabular cup and a 28-mm Metasul
Metal-on-Metal (Zimmer-GmbH) inlay. This second gen-
eration metal bearing consists of polyethylene insert with
a cobalt-chrome metal inlay. Surgeries were performed by
5 surgeons who all have extensive experience in total hip
replacement. An identical surgical straight lateral approach
to the hip was performed in all cases according to the tech-
nique described by Hardinge (7).

Clinical and radiological follow-up

Between November 2014 and March 2015 all patients
who had undergone primary THA in the previous mentioned
inclusion period were contacted by telephone and invited for
a follow-up visit in our clinic. Patients who underwent revi-
sion with the same type of implant during that time were ex-
cluded for this study. Furthermore, a sustained hip fracture
was also considered a contraindication for this study since it
is associated with a significant higher rate of dislocations (8).
Patients who met the inclusion criteria were asked to fill out
the Dutch validated version of the Oxford Hip Score (OHS)
and the Harris Hip Score (HHS) (9, 10).

Radiographs of all included patients at final follow-up
were analysed for the acetabular cup inclination and the po-
tential detection of radiolucent lines. Acetabular cup inclina-
tion was measured on the weight-bearing anteroposterior
(AP) views of the pelvis as the angle in degrees between a
line drawn along the angle of the rim of the cup and the line
drawn between the most inferior points of the ischial tuber-
osities. Radiolucencies around the stem were recorded ac-
cording to the Gruen classification (11). DeLee and Charnley
zone classification was utilised to score potential acetabular
cup radiolucencies (12).

Serum cobalt analysis

Blood samples were taken from all patients who visited
our outpatient clinic to assess the serum cobalt value at a
minimum of 10 years following Metasul MoM THA implanta-
tion. According the guidelines set by the Dutch Orthopaedic
Association, serum cobalt levels were measured by Atomic
Absorption Spectroscopy and reported in nmol/l. The mini-
mum detection limit for cobalt was 8.5 nmol/L. All values of
cobalt below the detection limit were recorded as 8.5 nmol/L.

Statistics

SPSS 24.0 (IBM) was used to perform statistical analysis.
Data analysis was mainly descriptive. Normally distributed
data are presented as means and standard deviations. In
case of non-normally and small sample sizes, data is present-
ed as medians with interquartile ranges (IQR). Comparisons
were evaluated by use of Student’s t-tests or its non-para-
metric variant (Mann-Whitney U-test). Discrete variables are
presented as numbers and proportions. Comparisons were
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evaluated by use of X*>-tests. A p value <0.05 was considered
as statistically significant. Implant survival was analysed us-
ing the Kaplan-Meier survival approach with revision of the
femoral stem defined as endpoint. Patients lost to follow-
up, or deceased with their prosthesis in situ were defined
as censored.

Results

Patients

136 patients (150 THAs) who had undergone Metasul
THA between September 2002 and December 2003 were
contacted. The average age that patients underwent surgery
was 62.1 years and the indications for their primary THA are
displayed in Table I. At the time of final follow-up, 16 patients
(18 THAs, 12%) had deceased. All deaths were unrelated to
their total hip surgery. 4 patients were lost to follow-up be-
cause they moved away from the area. Of the remaining
116 patients (128 THAs) that were eligible for follow-up,
78 patients (85 THAs) were able to visit our outpatient clinic.
Of the 38 patients (38 THAs, 28%) who were not able to visit,
20 patients (22 THAs, 15%) filled out the questionnaires.

Survival analysis

The average follow-up of the entire cohort (116 patients,
128 THAs) was 12.6 years (95% confidence interval [Cl], 12.3-
12.7). With revision for any reason as the endpoint, Kaplan-
Meier survival analysis showed a survival rate of 96.1% (95%
Cl, 93.2-99.6) (Fig. 1). 5 patients had undergone revision
surgery. Reasons for revision surgery were all stem related.
3 THAs were revised due to aseptic loosening of the stem.
The remaining 2 patients underwent revision surgery after a
sustained periprosthetic proximal femur fracture following a
fall. Evaluating the survival of the implant, and thus exclud-
ing the 2 periprosthetic fractures, the survivalrate was 97.7%
(95% Cl, 95.1-100).

Clinical and radiological outcome

The average acetabular cup inclination at final follow-up
of all included patients was 40.7° (95% Cl, 39.1-42.3). Radio-
lucent lines were observed in 5 patients (5 THAs, 6%). In con-
trast to the group without lucencies, the inclination of the
acetabular cup differed significantly in the 5 patients with ra-
diolucent lines (median 30° vs. 41°, p<0.01) (Tab. Il) (Fig. 2).
No radiolucent lines surrounding the acetabular cup were
observed.

The median HHS was 84 (IQR 65-94) and the median OHS
was 56 (IQR 48-60). Both presenting excellent outcome re-
sults 12.6 years following their THA.

Serum analysis

Of the 78 patients who were able to visit our outpatient clin-
ic, 45 patients (58%) had a unilateral metasul MoM THA and 33
patients (42%) had a bilateral metasul MoM THA. The median
serum cobalt of the entire cohort was 20.1 nmol/L (IQR 14.3-
46.2). The median serum cobalt level in the unilateral metasul

© 2017 Wichtig Publishing



Zuiderbaan et al

TABLE | - The distribution of indications for primary total hip arthroplasty

Indication for surgery Gender
Male Female Total
Indication for surgery Osteoarthritis Count 43 96 139
% within gender 95.6% 91.4% 92.7%
Rheumatic arthritis ~ Count 0 1 1
% within gender 0.0% 1.0% 0.7%
(Avascular) necrosis  Count 1 3 4
% within gender 2.2% 2.9% 2.7%
Hip dysplasia Count 0 2 2
% within gender 0.0% 1.9% 1.3%
Other Count 1 3 4
% within gender 2.2% 2.9% 2.7%
Total Count 45 105 150
% within gender 100.0% 100.0% 100.0%
TABLE Il - Median (IQR) inclination angles and cobalt levels of pa-
Lo ——H tients with and without lucency. A significant more hori-
L\ zontal acetabular cup inclination was observed in the
| group with radiolucent lines. No relation was observed
0.5M - with the serum cobalt levels
' B L
Lucency Non-lucency p value
_ (n=5) (n =80)
g 0,94~
g Inclination (°) 30 (27-36) 41 (37-46) <0.01
'g Cobalt (hnmol/l)  13.1(9.7-43.2) 20.9 (15.4-53.6) 0.28
3 0914
Q
the patients that underwent revision due to aseptic loosening,
0.884 no serum cobalt levels were measured before revision surgery.
No relation between serum cobalt levels, clinical outcome
scores, radiolucent lines and acetabular cup inclination was
noted.
0,85
T T T T T T
00 2,50 5.00 7.50 10,00 12,50 Discussion

Follow-up period (years)

Fig. 1 - Kaplan-Meier survivorship analysis for the entire cohort
that underwent Metasul MoM THA between September 2002 and
December 2003. The overall survival rate of the cohort was 96.1%
(95% Cl, 93.2-99.6), 12.6 years (95% Cl, 12.3-12.7) following surgery.

MoM group was significantly lower (16.1 nmol/I, IQR 9.8-23.2)
than the serum cobalt level in the bilateral group (35.0 nmol/I,
IQR 20.2-69.3) (p<0.001). The 7 patients that had elevated (85-
170 nmol/L) and strongly elevated (>170 nmol/L) serum cobalt
levels underwent additional CT-imaging (Tab. lll). In 1 patient,
an asymmetry of the soft tissues was found. A clear pseudo-
tumour could not be clearly identified with an additional mag-
netic resonance imaging (MRI) scan. The patient was advised
to visit the outpatient clinic for follow-up on regular basis. Of

© 2017 Wichtig Publishing

In order to limit articular friction and associated polyeth-
ylene wear, MoM bearing articulations were introduced by
McKee and Watsen-Farrar in the 1960s. Despite the theoreti-
cal advantages of these low friction MoM designs, the early
reported revision rates were substantially higher than the
metal-on-polyethylene (MoP) bearing designs (13). This led
to the popularisation of MoP implants in the 1980s. Weber
et al (14) stated that the high failure rate among the original
MoM bearing designs, was a result of the improperly used
materials and suggested that a well manufactured MoM hip
design would lead to a dramatic decrease of articular friction.
This led to the development and introduction of the metasul
MoM articulation in the late 1980s. Good short- to medium-
term results led to the popularisation of the implant. How-
ever, today long-term reports of the implant in relatively large
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Fig. 2 - An example of a female patient 12 years following her THA
surgery. The measured inclination of the acetabular cup is 33°.
Please note the radiolucent lines in Gruen zones 1 and 7. The serum
cobalt serum was slightly elevated according to the Dutch Ortho-
paedic Classification (40.9 nmol/I).

TABLE Il - Patients stratified into cobalt categories according to
the proposed classification of the Dutch Orthopaedic
Association (25). In case of contralateral MoM prosthesis,
cobalt levels were significantly higher compared to stan-
dard or no contralateral total hip arthroplasty (p<0.01)

Category (nmol/L) Total Contralat. Contralat.
(n (%)) MoM no MoM
Normal (<40) 55 (70) 17 (52) 38 (84)
Slightly elevated (40-85) 16 (20) 9(27) 7 (16)
Elevated (85-170) 4 (6) 4(12) 0(0)
Strongly elevated (>170) 3(4) 3(9) 0(0)

MoM = metal-on-metal.

groups of patients are scarce. Randelli et al (15) reported a
13-year survivorship of 94% in 149 cementless THAs. Recur-
rent dislocation was the main reason for revision surgery and
aseptic loosening was found to play a minor role in implant
failure that is comparable to our data. Another long-term re-
port by Hwang et al (16) described the long-term result in
a group of patients <50 years at 12.4 years follow-up. The
overall survivorship rate of the 78 cementless metasul MoM
THASs in their report was 98.7%. 2 patients were found to have
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signs of acetabular osteolysis which led to a revision of the
acetabular component in one case. This is in contrast to our
data since we did not observe any lucencies surrounding the
acetabular cup, nor were patients revised for acetabular cup
loosening. Innmann et al (17) showed a substantial lower sur-
vivorship (90.9%) after 13 years. However, aseptic loosening
was not found to play an important role since only 1 patient
was revised for this reason. The last long-term report by Tardy
et al (2) found an overall revision rate of 12.4% at 12.8 years
follow-up. Cup loosening was found to be the reason for re-
vision in 3 out of the 13 re-operated patients. Aseptic stem
loosening was not observed at final follow-up. However, our
data suggest that aseptic loosening of the stem in 3 out of
128 patients, is the dominant reason of implant failure. A to-
tal revision percentage of 3.9% was observed at an average of
12.6 years following surgery with good to excellent subjective
outcome scores. Aseptic loosening of the cup was not found
to play a role in implant failure. Based on our results, and
supported by the previous mentioned long-term reports, it
is suggested that implant loosening of the MoM THA designs
plays a role in survivorship. However, evaluating revision per-
centages for loosening in other bearing designs show similar
revision percentages (18). Based on our results we therefore
conclude that the small diameter 28-mm MoM THA is not as-
sociated with accelerated implant loosening.

Radiolucent lines surrounding the THA can be suggestive
of implant loosening. As displayed in Table Il, radiolucent lines
were observed in 5 patients at final follow-up. The presence of
radiolucenies around the stem appeared to have a significant
association with the inclination of the acetabular cup. The
group with radiolucent lines around the stem had a significant
more horizontal acetabular cup position (p<0.01) in contrast to
the group where the radiolucencies were absent. This finding
may suggest that a too horizontal acetabular cup inclination
should be avoided to reduce radiolucent lines surrounding the
stem of MoM THA. However, all authors acknowledge that this
finding may be potentially misleading since it is based on a
relatively small group of patients containing only 5 patients.
There is a necessity for future studies with a sufficient power
containing larger groups of patients which will lead to a better
understanding of this possible relation of cup inclination and
radiolucent lines in 28-mm diameter MoM THA articulation.
No relation of the acetabular cup position, cobalt serum lev-
els, and subjective outcome scores were noted.

There is a lack of long-term reports which evaluate the re-
lation of cobalt serum values and the position of the acetabu-
lar cup of the 28-mm Metasul THA. To our knowledge there
is currently only 1 report that describes this relation (19).
Brodner et al (19) evaluated the potential relation between
acetabular cup inclination and serum cobalt levels is a small
consecutive case series containing 20 THA patients. Although
they did not find a significant overall association between co-
balt serum levels and acetabular cup inclination, the authors
found a 10- to 53.6-fold increased serum levels in the 3 pa-
tients with an acetabular cup inclination of 58°, 61° and 63°
respectively. These findings are also found in the hip resurfac-
ing literature where there is a clear association between in-
creased whole blood metal concentrations and a relative more
vertical acetabular cup position (20, 21). We were unable to
repeat these findings. The possible explanation might be that
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we had an average cup inclination of 40.7° (95% Cl, 39.1-42.3).
The only significant association we could find based on our co-
hort was that the average cobalt serum levels were significant
higher in the group of patients who had two MoM THAs. Un-
fortunately, we are not able to explain the variation in cobalt
serum levels, since potential relations between the previous
mentioned various factors and serum cobalt levels cannot be
proven by the data generated by this report.

Recently, local soft tissue reactions and potential toxic sys-
tematic adverse effects as a result of the metal debris caused
by MoM articulations have led to sceptical thoughts about
this type of bearing (5, 6). However, the majority of these
reports are based on the larger diameter MoM hip designs.
Several studies report a pseudotumor incidence of 20%-
32.3% (22-24). None of the included patients in this group re-
ported any toxic systematic adverse reactions due to elevated
cobalt ions. This corresponds to a recent review, concluding
that these toxic side effects only seem to occur in malfunc-
tioning THAs. Although this was not noted in our group, the
potential systematic adverse reactions should be monitored
closely. Of the 78 patients who underwent serum cobalt eval-
uation, 30% presented with elevated cobalt levels (Tab. IlI).
Furthermore, in the group that had undergone bilateral MoM
THA, serum cobalt values were significantly higher than the
unilateral group. Based on these results we recommend that
patients with 28-mm MoM THAs should be monitored close-
ly. Not only for pseudotumour evaluation, but especially for
any potential systematic side-effects.

This study is not without limitations. First is the retrospec-
tive nature of this study. This made is unable to evaluate the
prerevision cobalt serum levels of the 3 patients that were
revised due to aseptic loosening and therefore draw any po-
tential conclusions from this. Second, we report the results
of a high-volume arthroplasty department. Therefore, results
might not be duplicable in low-volume centres. Third, the
rate of osteolysis might be underestimated since no routine
computed tomography (CT) scan imaging was carried out in
order to limit radiation exposure. Lastly, a substantial number
of patients was lost in follow-up.

In conclusion, long-term results of the cementless Metasul
MoM THA seem to be excellent with an overall survivorship
rate 96.1% over a 12.6-year period with excellent outcome
scores. However, based on this cohort, we recommend that
serum cobalt should be monitored closely to evaluate any po-
tential local and systematic adverse reactions. Especially in
the group of who have a bilateral Metasul MoM THA. Future
prospective and controlled studies are necessary to study the
relationship and broad range of the cobalt serum levels and
the possible relation on the clinical and radiographical out-
comes of small diameter MoM THAs.
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