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Aims

Second-generation metal-on-metal (MoM) articulations in total hip arthroplasty (THA) were
introduced in order to reduce wear-related complications. The current study reports on the
serum cobalt levels and the clinical outcome at a minimum of 20 years following THA with a
MoM (Metasul) or a ceramic-on-polyethylene (CoP) bearing.

Methods

The present study provides an update of a previously published prospective randomized
controlled study, evaluating the serum cobalt levels of a consecutive cohort of 100 patients
following THA with a MoM or a CoP articulation. A total of 31 patients were available for
clinical and radiological follow-up examination. After exclusion of 11 patients because of
other cobalt-containing implants, 20 patients (MoM (n = 11); CoP (n = 9)) with a mean age
of 69 years (42 to 97) were analyzed. Serum cobalt levels were compared to serum cobalt
levels five years out of surgery.

Results

The median cobalt concentration in the MoM group was 1.04 pg/l (interquartile range (IQR)
0.64 to 1.70) at a mean of 21 years (20 to 24) postoperatively and these values were similar
(p =0.799) to cobalt levels at five years. In the CoP control group, the median cobalt levels
were below the detection limit (< 0.3 pg/l; median 0.15 pg/l, IQR 0.15 to 0.75) at 20 years.
The mean Harris Hip Score was 91.4 points (61 to 100) in the MoM group and 92.8 points
(63 to 100) in the CoP group.

Conclusion

This study represents the longest follow-up series evaluating the serum cobalt levels after
28 mm head MoM bearing THA and shows that serum cobalt concentrations remain at low
levels at a mean of 21 years (20 to 24) after implantation.
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Switzerland) total hip arthroplasty (THA)?
How do serum cobalt levels at 20 years
following MoM (Metasul) THA compare
to serum cobalt levels of a control group
with a ceramic-on-polyethylene (CoP)
articulation?

What is the clinical and radiological out-
come following THA with a MoM or a

Serum cobalt concentrations remain at
low levels 21 years after implantation
of 28 mm high-carbon MoM bearing
THA, and in patients with unilateral hip
implants serum cobalt concentrations
are not different to the values recorded
atfive years (p =0.799, Wilcoxon signed-
rank test).
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Cobalt concentrations in the MoM group were signifi-
cantly higher (p = 0.017, Mann-Whitney U test) com-
pared to serum cobalt levels in the CoP control group
at 20 years.

The Alloclassic Zweymdiiller system (Zimmer, Warsaw,
Indiana, USA) is well-functioning at a mean of 21
years postoperatively with excellent clinical results
and a low rate of relevant periprosthetic osteolysis.

Strengths and limitations
Longest follow-up of small head MoM THA available
in the literature.
Young and active patient cohort.
Small sample size.

Introduction

Second-generation metal-on-metal (MoM) articulations
in total hip arthroplasty (THA) were introduced in 1988!
in order to avoid polyethylene (PE) wear-related compli-
cations.2 Good-to-excellent long-term results have been
demonstrated for uncemented THA with small head
MoM bearings.3>-8 However, some designs of MoM hip
implants have demonstrated poor survival and were con-
sequently withdrawn from the market.>-'! Beside sys-
temic effects of cobalt debris, it can also induce local
effects like periprosthetic soft tissue reaction and osteoly-
sis, which is described in literature as adverse reactions to
metal debris (ARMD) and can cause THA failure.’2 With
regard to large head MoM THA, it has been shown that
especially implants with heads up to 54 mm diameter
and the bilateral usage of MoM THAs may increase the
risk for ARMD."3 The development of systemic symptoms,
however, appears to be a rare complication.’™ Toxic
cobalt levels do not result in one pathognomonic clinical
symptom but rather present as a combination of several
systemic symptoms in association with a painful MoM
hip prosthesis.1> The measurement of cobalt levels is
not consistently described in the literature.’®1” Cobalt
ions may be measured from whole blood, serum, eryth-
rocytes, synovial fluid, or urine.’20 Until now there has
been no international consensus on the blood metal ion
threshold(s) that should cause clinical concern after MoM
THA. Consequently, the United States Food and Drug
Administration currently does not use a specific threshold
for identifying patients at high risk of ARMD,2!" even
though measurements of cobalt ion levels represent an
important adjunct to the routine clinical and radiological
workup of MoM implants.

Based on the available literature, this study represents
the longest follow-up series evaluating the serum cobalt
levels, as well as the clinical and radiological results using
an uncemented implant with a 28 mm MoM bearing
(Metasul; Sulzer, Winterthur, Switzerland).

The following research questions were asked: 1) how
do serum cobalt levels at a minimum of 20 years follow-
ing implantation of MoM (Metasul) THA compare to

previously published?? serum cobalt levels at five years?;
2) how do serum cobalt levels at 20 years following THA
with a Metasul articulation compare to serum cobalt lev-
els of a control group with a ceramic-on-polyethylene
(CoP) articulation?; 3) what is the clinical and radiological
outcome following THA with a MoM or a CoP articulation
at a minimum follow-up of 20 years?

Methods

The present study provides an update of a previous pro-
spective randomized controlled cohort at a minimum
follow-up of 20 years.22 From January 1993 to November
1995, 100 patients underwent unilateral uncemented
THA with the Alloclassic Zweymdiller system. A group of
50 patients was treated with a MoM articulation (Metasul)
and 50 patients received a CoP bearing (Biolox; CeramTec,
Plochingen, Germany). A 28 mm head diameter was used
in both groups. At the time of surgery, patients were free
of cobalt-containing orthopaedic or dental implants and
no degenerative changes were observed in other major
joints. The methods pertaining to the randomization, hip
implants, demographics of each group, and blood sam-
ple analysis are described in detail by Brodner et al.22 The
Alloclassic Zweymdiiller system consists of a Ti-6Al-7Nb
alloy femoral component and a conical self-tapping
cement-free (CSF) cup, which is a conical screw cup made
of commercially pure titanium. The articulation surface
was the only implant parameter that differed between the
groups. For this study, blood samples were taken after 20
years postoperatively. In order to compare the updated
results with previous data, the same method as previously
described by Brodner et al?? was applied. Cobalt-free
Vacutainer needles and Vacutainer glass tubes (Becton,
Dickinson and Company, Franklin Lakes, New Jersey,
USA) without additives were used for blood collection.
Serum cobalt concentrations were measured with a 5100-
ZL atomic absorption spectrometer (PerkinElmer, Shelton,
Connecticut, USA) at a wavelength of 242.5 nm. The
detection limit of cobalt in the serum in our laboratory is
0.3 pg/l and all concentrations below that limit were
defined as 0.15 pg/l to allow statistical calculation.
Depending on the hip articulation, patients were assigned
to a MoM group or a CoP group, respectively.

For the current follow-up study, institutional review
board approval was obtained. For a radiological assess-
ment, standard anteroposterior pelvis and hip radio-
graphs, as well as lateral radiographs of the affected hip,
were reviewed in consensus by two different experienced
reviewers (UK and BS). Acetabular osteolysis was evalu-
ated according to the classification system of DelLee and
Charnley.?* Acetabular components with progressive radi-
olucent lines or evidence of migration of more than 3 mm
were considered to be loose.2* Femoral loosening was
defined as axial subsidence on consecutive radiographs or
varus or valgus tilting.2> Femoral radiolucent lines or oste-
olysis were evaluated using the Gruen classification.2¢
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Table 1. Reasons for exclusion of patients during the course of the study.

Number of
patients (n = 80)

Reason for exclusion

Multimetal (e.g. contralateral THA, dental implants) 11
Excluded or lost to follow-up by previous study* 27
Death: six patients due to malignancy (two 32
pancreatic cancer; one stomach cancer; one breast

cancer; one lung cancer; one prostate cancer)

Revision surgery due to metallosis 2
Unwilling to return for follow-up because of age 4
Lost to follow-up 4

*Brodner et al.?
THA, total hip arthroplasty.

Cup inclination was measured in relation to the horizontal
inter-teardrop reference line.?” Anteversion of the cup was
measured as described by Widmer.2®

At a minimum of 20 years, 31 out of 100 patients were
available for examination. A total of 32 patients had
already died in the follow-up period at a mean age of 82
years (44 to 95) due to reasons unrelated to their THA. Of
these patients, six died due to malignant tumours not
associated with debris of the hip prosthesis (Table I). No
patient died of renal failure. Four patients were lost to
follow-up and four patients were unwilling to return to
follow-up visits. A total of 27 patients were already
excluded within the first five postoperative years as men-
tioned by Brodner et al.22 None of the patients who were
unwilling to return or were lost to follow-up had signs of
implant failure at the time of the most recent available
follow-up. Two patients in the MoM group received a
head/liner exchange due to metallosis after 12 years and
14 years, respectively. A total of 11 patients received a
contralateral total hip or knee arthroplasty, or implanta-
tion of cobalt-containing orthopaedic or dental devices,
after the fifth postoperative year, and were consequently
excluded to avoid any bias of the serum cobalt concent-
rations (Table I). Patients with other cobalt-containing
implants were labelled multimetal. The demographic data
and cobalt concentrations of these multimetal patients
were separately reported.

The final study cohort consisted of 20 patients (ten
males, ten females) in 20 hips (MoM (n =11); CoP (n =
9)) with a mean age of 69 years (42 to 97) and a mean
body mass index (BMI) of 25.6 kg/m? (95% confidence
interval (Cl) 23.8 to 27.5) at a mean follow-up of 21 years
(20 to 25). The MoM group and CoP control group were
similar with regards to age (p = 0.549, Mann-Whitney U
test), BMI (p = 0.113, Mann-Whitney U test), and sex (p =
0.182, Mann-Whitney U test).

We also reviewed the 27 patients originally excluded
by Brodner et al.?? Of these 27 patients, 20 patients had
already died. Six patients died due to malignancy (two
pancreatic cancer, one stomach cancer, one breast can-
cer, one lung cancer, one prostate cancer), six patients
died due to heart disease, three patients died due to neu-
rological disease, two patients due to infection, and one

patient due to cirrhosis. For two patients, we were not
able to detect the reason of death. In one patient, the hip
prosthesis was explanted due to a septic complication
(eight years after implantation in a peripheral hospital),
and three patients were lost to follow-up. Out of the 27
patients initially excluded, we were able to collect the
cobalt levels of three patients at 20 years. In patient one,
cobalt levels increased from 0.15 pg/l at five years to 0.8
ng/l at 20 years. In patient two, cobalt levels slightly
decreased from 1.6 pug/l to 1.2 ug/l at 20 years. In patient
three, an increase of serum cobalt to 4.4 pg/l at 20 years
was observed. The cobalt levels in this patient were 1.1
ng/l at five years. The patient had received a contralateral
hip prosthesis. The renal function was good (creatinine of
0.59 mg/dl with a reference of 0.50 mg/dl to 0.90 mg/dl)
and the hip was well-fixed on radiographs.

Statistical analysis. The median as well as the interquartile
range (IQR) of the cobalt concentrations were calculated
for the two groups. For comparison of each patient’s
serum cobalt concentration, the Mann-Whitney U test
was used. The absolute mean values of cup inclination
were measured in degrees with 95% CIl. The Mann-
Whitney U test was performed to compare the distribu-
tion of two independent variables. A p-value of < 0.05
was regarded as significant for all tests. No power analy-
sis was performed due to the descriptive nature of the
study. Statistical tests were performed using SPSS Version
24 (IBM, Armonk, New York, USA).

Results

At a mean of 21 years postoperatively, the median cobalt
concentration in the MoM group was 1.04 ng/I (IQR 0.64
to 1.7) and did not differ (p = 0.799, Wilcoxon signed-
rank test) from cobalt levels at five years (Figure 1).
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Fig. 1
Histogram illustrating the frequency (n) of respective serum cobalt levels

(ug/l) in the metal-on-metal group (blue) and the ceramic-on-polyethylene
group (red).
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As previously reported, one young female patient with
end-stage chronic renal failure had a high serum cobalt
level of 119.20 ng/I five years postoperatively. At 21 years,
serum cobalt levels had decreased to 7.90 ng/l. The
patient suffered from systemic lupus erythematosus
which primarily affected her kidneys. Up to the last follow-
up, this patient had undergone six renal transplantations.
In the pathological workup, no cobalt deposits were
observed in any failed kidney. With regard to the hip, the
patient was doing very well with a Harris Hip Score (HHS)
of 97 points. On radiographs, the implant was well-fixed
with no signs of loosening. To avoid biased results, this
patient was excluded from the statistical analysis.

In the CoP control group, the median cobalt levels
were below the detection limit (< 0.3 ug/l; median 0.15
ng/l, IQR 0.15 to 0.75). Cobalt concentrations in the MoM
group were significantly higher (p =0.017, Mann-Whitney
U test) compared to serum cobalt levels in the CoP control
group at 20 years. Cobalt levels above the detection limit
were found in four patients; two cases had a cobalt level
of 0.70 ug/l, one case had a cobalt level of 0.80 ng/l, and
one case had a cobalt level of 1.10 pg/I, respectively.

In the multimetal group, seven patients had a MoM
bearing and four patients a CoP bearing. The multimetal
group was slightly older than the rest of the patient
cohort at last follow-up with a mean age of 78 years (63
to 92). Their mean BMI was 29.2 kg/m? (95% Cl 25.0 to
33.5). The median cobalt concentration in patients with a
MoM articulation and other cobalt-containing implants
was 2.50 ug/l (IQR 0.7 to 4.3). Patients with a CoP bear-
ing and other cobalt-containing implants had a median
cobalt concentration of 1.15 pg/l (IQR 0.3 to 5.1).

Analyzing all 31 patients, similar (p = 0.108, Mann-
Whitney U test) excellent clinical results (HHS) were
observed in both groups, with a mean of 91.4 points (61
to 100) in the MoM group and a mean of 92.8 points (63
to 100) in the CoP control group. Two female patients
aged 97 years and 92 years in the MoM group had poor
clinical results with a HHS of < 70 points, due to their age-
related limited mobility. In the CoP group, a 76-year-old
female patient with end-stage osteoarthritis of the con-
tralateral hip had a HHS of < 70 points.

Looking at all 31 patients, the mean cup inclination on
anteroposterior (AP) pelvis radiographs was 47.6° (95%
Cl 45.9° to 49.4°) and the mean cup anteversion was
25.0° (95% Cl 22.7° to 27.3°). No significant difference in
cup inclination (p = 0.457, Mann-Whitney U test) and
cup anteversion (p = 0.819, Mann-Whitney U test) was
observed between the MoM and the CoP groups. Within
the MoM group, no trend for higher cobalt levels in hips
with higher inclination (p = 0.735, Spearman rank corre-
lation) and hips with higher anteversion (p = 0.513,
Spearman rank correlation) was observed. At the last
follow-up, there was no evidence of implant loosening in
any patient (Figure 2).

Fig. 2b

a) Distribution of radiolucent lines and osteolytic lesions observed on an
anteroposterior radiograph of the femoral component (Gruen zones, 1 to 728)
and the cup (Delee classification, | to 1123) of a 56-year-old male patient at the
last follow-up at 20 years. b) Distribution of radiolucent lines and osteolytic
lesions observed on a lateral radiograph of the femoral component (Gruen
zones, 8 to 1428) and the cup (DeLee classification, IV to VI23) of a 56-year-old
male patient at the last follow-up at 20 years.

Discussion
Data on systemic cobalt levels with small head MoM THA
with a follow-up of more than 15 years are limited.

The present study is the first to demonstrate that serum
cobalt concentrations remain at low levels 21 years after
implantation of 28 mm high-carbon MoM bearing
(Metasul) THA. The results of this study are in line with an
earlier report of our research group on a different patient
cohort showing a median serum cobalt concentration of
0.70 ng/l (IQR 0.4 to 2.1) at 17 years.?° Savarino et al3¢
reported similar mean serum cobalt values of 0.69 pg/I
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(0.32 to 1.58) in 16 subjects with small head MoM at a
minimum follow-up of eight years. Migaud et al” pub-
lished median whole blood cobalt concentrations of 0.95
ug/l (range 0.4 to 4.8) in 39 MoM (Metasul) hips at 12 to
14 years. Slightly higher mean whole blood cobalt con-
centrations of 1.8 ug/l (0.4 to 13.6) were seen in active
female patients at a mean follow-up of 16 years.3

The results of this study might also suggest that long-
term systemic exposure to low levels of cobalt does not
lead to an increased rate of renal failure or malignancies.
The incidence rate of malignant tumours in this study is
consistent with the expected incidence rate of malig-
nancies for the given period of time and number of
patients.3

In the CoP control group, the median serum cobalt
levels were below the detection limit. These findings are
in line with previously reported serum cobalt concentra-
tions of well-functioning unilateral CoP THAs.32:33

At 20 years after surgery, the overall clinical results
remained at a high level in comparison to previously rep-
orted clinical results five years postoperatively.2?2 These
results were similar to those reported in the literature for
THA with the Metasul bearing and a minimum follow-up
of ten years.>” With regard to the radiological assessment,
there was no evidence of cup migration or femoral com-
ponent loosening at last follow-up. Minimal focal osteo-
lytic lesions were observed surrounding the proximal
femoral component. However, these mild radiological
signs in Gruen zones 1, 7, 8, and 14 are a well-known
phenomenon with the Zweymdiiller stem and do not
suggest aseptic loosening (Figure 2).2%:34

The present study has some limitations. Only 20 of the
31 patients for whom serum cobalt analysis was per-
formed at 20 years were eligible for final detailed analysis.
Inall, 11 patients were retrospectively excluded from com-
parative analysis; however, their median cobalt levels were
separately reported. Furthermore, no radiological follow-
up was available for the 27 patients who were already
excluded in the previous study by Brodner et al.?? Finally,
no CT scans were performed to detect osteolytic lesions or
implant migration; consequently, the study might under-
estimate the presence of periprosthetic osteolysis.33

In conclusion, this study represents the longest follow-
up series evaluating the serum cobalt levels after 28 mm
head MoM bearing THA, and shows that serum cobalt
concentrations remain at low levels at a mean of 21 years
after implantation, without any difference to the levels at
five years.
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