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Abstract

Introduction Serum metal ions are part of the regular fol-
low-up routine of patients with metal-on-metal total hip
arthroplasties (MoM-THA). Increased cobalt levels have
been suggested to indicate implant failure and corrosion.
Questions (1) Is there a correlation between the size of the
osteolysis measured on a CT scan and metal ion levels? (2)
Can metal ion levels predict the presence of osteolysis in
MoM-THA? (3) Are cobalt and chromium serum levels or
the cobalt-chromium-ratio diagnostic for osteolysis?
Materials and methods CT scans of patients (n = 75) with
a unilateral MoM-THA (Birmingham Hip System, Smith &
Nephew, TN, USA) implanted by a single surgeon were
reviewed to determine the presence of osteolysis. Statistical
analysis was performed to detect its association with metal
ion levels at the time of the imaging exam.

Results The incidence of osteolysis was the same in men
and women (35.6 vs 35.7 %). The cobalt-chromium-ratio
correlates with the size of the osteolysis on the CT scan and
the femoral component size in the overall study population
(p =0.050, p=20.001) and in men (p = 0.002,
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p = 0.001) but not in women (p = 0.312, p = 0.344). The
AUC for the cobalt-chromium-ratio to detect osteolysis
was 0.613 (p = 0.112) for the overall population, 0.710 for
men (p = 0.021) and 0.453 (p = 0.684) for women. The
data suggest that a cut off level of 1.71 for the cobalt-
chromium-ratio has a sensitivity of 62.5 % and specificity
of 72.4 % to identify male patients with osteolysis.
Conclusions The disproportional increase of cobalt over
chromium, especially in male patients with large compo-
nent sizes can not be explained by wear alone and suggests
that other processes (corrosion) might contribute to metal
ion levels and might be more pronounced in patients with
larger component sizes.

Keywords Metal ions - Total hip arthroplasty -
Osteolysis - Metal-on-metal - CT scan

Introduction

Large head metal-on-metal hip arthroplasties (MoM-THA)
have shown high failure rates in the past despite the initial
hope of providing low bearing wear rates [1, 2]. The Birm-
ingham Hip System (Smith & Nephew, Memphis, TN), which
has shown good clinical results in the long-term follow-up
when used in resurfacing [3], has a failure rate of 12.0 % at
10 years in the National Joint Replacement Registry of Aus-
tralia when used in THA [4]. Most common reasons for failure
are metal related pathologies including adverse reaction to
metal debris (ARMD) and osteolysis/loosening [4]. Metal
ions have been suggested as a marker for failure of implants as
they may represent accelerated wear of the bearing surface in
resurfacing [5], however, studies have shown that cobalt and
chromium may not have enough sensitivity to detect tissue or
bone reaction in MoM-THA [6]. Furthermore, compared to
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resurfacings, MoM-THAs are suspected to fail due to corro-
sion of their taper junction [7]. The resulting corrosion prod-
ucts and metal ions might promote a different immunologic
response and might, therefore, explain the higher failure rates
of MoM-THA compared to HR.

Most studies investigating the relationship between serum
metal ions and imaging findings focus on soft-tissue reac-
tions, [8] however, osteolysis, the second most common
reason for revision in MoM-THA [4], has not been studied
extensively. Gender may be an important factor for failure of
metal-on-metal hip replacement [9], however, there is cur-
rently no data linking gender to osteolysis in MoM-THAs.

The current study analysis the following research
questions: (1) Is there a correlation between the size of the
osteolysis measured on a CT scan and metal ion levels? (2)
Can metal ion levels predict the presence of osteolysis in
MoM-THA? (3) Are cobalt and chromium serum levels or
the cobalt-chromium-ratio diagnostic for osteolysis?

Materials and methods
Patients

This study retrospectively investigates a series of patients
with a MoM-THA using the Birmingham Hip System
(Smith & Nephew, TN, USA) and the Synergy Stem
(Smith & Nephew, TN, USA) performed by a single high-
volume surgeon between 2007 and 2010. The study
included patients with at least one CT scan and corre-
sponding metal ion results more than 20 months after the
index procedure. CT scanning is part of the senior authors’
regular follow-up routine 2-3 years after surgery. During
the time period the senior author performed 109 unilateral
MoM-THA. Five patients were lost to follow-up, 24
patients did not have a CT scan and 7 patients did not have
corresponding metal ion levels. This left 73 patients for
inclusion into the study. Demographic data, imaging
studies (X-ray and CT scan) and metal ion levels were
evaluated and collected in a secured Excel spreadsheet.
The study included 45 male and 28 female patients with
an average follow-up of 65.9 months (range 33-94) after
MoM-THA. The average age was 55.2 years (SD +13.6)
for men and 55.2 years (SD £5.9) for women (p = 0.423).

Imaging Evaluation

Imaging was performed for all patients included in this study
an average of 51. 6 months after surgery (range
20-91 months years). Anteroposterior radiographs were
evaluated for acetabular inclination. The CT scan was retro-
spectively reviewed and patients were grouped into group A
(no osteolysis) or group B (osteolysis) by the senior author.
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The dimension of osteolysis was reported by an experienced
radiologist using PACS (Sectra IDS7, 2015, Linkoeping).

Serum metal ion levels

Cobalt and chromium serum levels were measured within
30 days of the CT scan in 70 patients and within 60 days in
3 patients.

Statistics

All statistical data analyses were performed using SPSS
software (Version 23, IBM Corporation, New York). Since
metal ions are not normally distributed, we used non-
parametric tests for the analysis (Mann-Whitney U, Wil-
coxon, Spearman). For correlations the Spearman test was
used. We used a non-parametric ROC to determine sensi-
tivity and specificity. A p value of p < 0.05 was considered
statistically significant.

Results
Study population, radiological and laboratory data

Seventy-three patients (45 men, 28 women) with unilateral
MoM-THA met the inclusion criteria (Table 1).

Femoral component size differed significantly between
men and women (47.1 vs 43.6, p < 0.001). There was no
significant difference between other demographic data and
serum metal ion levels. 35.6 % (16/45) of the men and
35.7 % (10/28) of the women showed osteolysis on the CT
scan (Table 2). There was no statical difference in the size
of the osteolysis between men and women (p = 0.874).

Cobalt was significantly higher than chromium in men
(p <0.001), and showed a trend in women (p = 0.086).
Cobalt (p = 0.117) and chromium (p = 0.803) did not differ
significantly between men with osteolysis and men without
osteolysis, however, the cobalt-chromium-ratio was signifi-
cantly higher for male patients with osteolysis (average 3.0;
range 1-15) than for patients without osteolysis (average 1.5;
range 0.2-5.1) (p = 0.021). In women with or without oste-
olysis there was no significant difference for the three
parameters (cobalt: p = 0.755, chromium: p = 0.733, ratio:
p = 0.684). The average ratio in female patients with oste-
olysis (average 1.8; range 0.7-5.9) was similar to the ratio in
patients without osteolysis (average 1.8; range 0.74—10.0).

Correlation metal ions, femoral component size
and size of the osteolysis

The cobalt-chromium-ratio correlated significantly with the
size of the osteolysis on the CT scan and the femoral
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Table 1 Demographic data, radiographic results and revision rates of the study population
All (n = 73) Men (n = 45) Women (n = 28) p value

BMI (mean, SD) 27.1 (6.3) 27.9 (6.6) 26.0 (5.9) 0.233
Age at date of surgery (mean, SD) 55.2 (11.2) 55.2 (13.6) 55.2 (5.9) 0.423
Cobalt serum level in ug/l (mean, SD) 5.4 (9.3) 6.5 (11.4) 3.8 (2.9) 0.510
Chromium serum level ug/l (mean, SD) 3.7 (6.7) 4.2 (8.4) 2.8 (1.5) 0.261
Cobalt-chromium-ratio 1.9 (2.2) 2.0 (0.3) 1.8 (2.0) 0.151
Head size

388 n=1) 0 1 <0.001

40m=1) 0 1

42 (n = 14) 5 9

44 (n = 12) 5 7

46 (n = 20) 11 9

48 (n = 6) 6 0

50 (n = 14) 14 0

52 (n=0) 0 0

54 (n=1) 1 0
Acetabular component inclination angle (mean, SD) 46.3 (6.0) 46.7° (6.3) 45.6° (5.7) 0.463
Revision rate 23 (31.5 %) 14 (31.1 %) 9 (32.1 %)
Number in bold is significant
Table 2 Results of the CT scan All (n = 73) Men (n = 45) Women (1 — 28)

imaging

Size of the osteolysis (mean, SD)
CT result

No osteolysis

Osteolysis

1.88 cm?® (8.0)

47 (64.4 %)
26 (35.6)

2.43 cm® (10.2)

29 (64.4 %)
16 (35.6 %)

0.99 cm® (1.82)

18 (64.3 %)
10 (35.7 %)

component size in the whole study population (Table 3).
There was no correlation between component size and size
of the osteolysis, neither in the whole study population nor
in men or women alone (Tables 3, 4, 5). However, divided
by gender the cobalt-chromium-ratio correlated with the
size of the osteolysis in men only( p = 0.002) (Fig. 1).
This was also found in patients without revision (k = 376;
p = 0.016) which in general had smaller areas of osteolysis
and were followed up. The femoral head size correlated
with cobalt (p = 0.008) and the cobalt-chromium-ratio
(»p = 0.001) in men (Tables 2, 3).

ROC analysis

In the overall population neither the cobalt-chromium-ratio
(AUC of 0.613, p = 0.112) nor cobalt (AUC of 0.586,
p = 0.224) and chromium levels (AUC of 0.493, p = 0.927)
showed a significant correlation with osteolysis on CT scans.
However, for men the cobalt-chromium-ratio had an AUC of
0.710 for pathologic CT (p = 0.021, CI 0.556-0.864)
(Fig. 2). The data suggest that a cut off level of 1.71 for the

Table 3 The cobalt-chromium-ratio correlated significantly with the
size of the osteolysis on the CT scan and femoral component size in
the whole study population

Size of the osteolysis Acetabular Femoral
on the CT scan component component
positioning size
Cobalt
c 0.177 0.106 0.336
)4 0.324 0.379 0.005
Chromium
c —0.055 0.044 —0.120
p 0.647 0.717 0.326
Cobalt-chromium-ratio
c 0.230 0.008 0.470
p 0.050 0.950 0.001

Numbers in bold are significant
c correlation coefficient; p statistical significance

cobalt-chromium-ratio has a sensitivity of 62.5 % and
specificity of 72.4 % to identify male patients with osteol-
ysis. Cobalt serum ions (AUC: 0.642, p = 0.118, CI
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Table 4 The cobalt-chromium-ratio correlated significantly with the
size of the osteolysis on the CT scan in men with MoM-THA

Size of the osteolysis Acetabular Femoral
on the CT scan component component
positioning size
Cobalt
c 0.228 0.040 0.369
p 0.066 0.398 0.008
Chromium
c —0.018 0.048 0.032
p 0.454 0.379 0.421
Cobalt-chromium-ratio
c 0.422 0.009 0.454
p 0.002 0.477 0.001

Numbers in bold are significant

c correlation coefficient; p statistical significance

Table 5 There is no correlation between the size of the osteolysis,
acetabular component positioning or femoral component size and
metal ions in women with MoM-THA (c¢ correlation coefficient,
p statistical significance)

Size of the osteolysis Acetabular Femoral
on the CT scan component component
positioning size
Cobalt
c 0.000 0.186 0.079
p 0.500 0.177 0.347
Chromium
c —0.121 0.066 —0.096
p 0.269 0.371 0.317
Cobalt-chromium-ratio
c —0.097 —0.006 0.086
p 0.312 0.487 0.344

¢ correlation coefficient; p statistical significance

0.474-0.810) and chromium serum ions (AUC: 0.523,
p = 0.803, CI 0.338-0.707) performed worse. For women
none of the three parameters showed a significant correlation
(ratio: AUC 0.453, p = 0.684; cobalt: AUC 0.536,
p = 0.755; chromium: AUC 0.467, p = 0.774) (Fig. 3).

Post-hoc power analyses (alpha error 0.05) were per-
formed for the observed ratios and sample sizes of men and
women with and without osteolysis. This showed a power
of 2.5 % for men and women respectively.

Discussion
Metal-on-metal total hip arthroplasties can develop oste-

olysis [10] and are reported to have increased metal ion
levels secondary to corrosion and bearing surface wear

@ Springer

Gender
@ men
8.000— O female
—
)
£ 6.000-
e .
2
[
>
2
% o
o
© 4000 o)
£
st o
o
2 ° e
7] °
o
2,000
o
°
e Ceo
[ °
°
-a L4 - o - a
000—— ¥ ? T T T
.00 1.00 2.00 3.00 4.00 5.00

Cobalt-Chromium Ratio

Fig. 1 Significant correlation between the size of osteolysis and the
cobalt-chromium-ration in men (p = 0.002) but not in women
(p =0.312)

ROC curve detecting osteolysis in men
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Fig. 2 The cobalt-chromium-ratio showed a significant test result in
the ROC analysis (AUC: 0.706, p = 0.024)

[1, 11]. The diagnosis of osteolysis in metal-on-metal THA
remains challenging and no risk factor for progression has
been identified. Our data show a significant correlation
between the size of the osteolysis and the cobalt-chro-
mium-ratio in men. However, considering the relatively
low sensitivity and specificity the study failed to establish a
clear threshold for the diagnosis of osteolysis.

Our study has the following limitations: (1) the differ-
ential diagnosis between degenerative cysts and osteolysis
is difficult in small lesions (2) since not all patients
underwent revision surgery, the findings could not be
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ROC curve detecting osteolysis in women
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Fig. 3 Cobalt, chromium and the cobalt-chromium-ratio ions didn’t
show a significant test result in women with MoM-THA

confirmed intraoperatively in all patients (3) the study is
retrospective in nature, however, metal ion levels and
imaging results are in general not influenced by this. (4)
While the post-hoc power analysis suggests that the study
might be underpowered to show a significant difference
between the Cobalt-Chromium-ratio for patients with and
without osteolysis, the area under the curve for the ROC in
male patients (0.71) supports the value of the ratio as a
diagnostic test to identify male patients with osteolysis.

Periprosthetic osteolysis and resulting aseptic loosening
are common reasons for revision in total hip arthroplasty
[12]. In MoM-THA adverse reactions to metal debris
(ARMD) and osteolysis are an important failure mechanism
[8, 13]. Osteolysis is based on a cellular response caused by
material released from the arthroplasty which disrupts the
normal balance between bone formation and resorption.
Hayter et al. [14] found osteolysis in 24.1 % of the patients
with a painful MoM-THA compared to 35.6 % in the current
study. The increased incidence of osteolysis might be related
to the fact that all patients in the current study underwent CT
scanning, a test very sensitive for identifying osteolysis.

Elevated metal ions [1, 15], female sex [16] and small
femoral diameter [1] are confirmed risk factors for the
development of ARMD. However, the current paper is the
first to suggest that a correlation between the size of
osteolysis and the cobalt-chromium ratio exists in men with
a BHR MoM-THA. Studies have previously shown that
cobalt is raised out of proportion compared to chromium in
large head metal-on-metal arthroplasties [17]. Taper sleeve
corrosion has been accused to be an independent source of
cobalt ion levels [7, 18].

There has been an attempt to standardize the follow-up
protocols for MoM-THA and resurfacings [19, 20]. However,

most protocols are not evidence based, have not proven its cost
effectiveness [21] and do not agree on the optimal type of
cross sectional imaging [19, 20]. Despite the significant cor-
relation between the cobalt-chromium-ratio and the size of
osteolysis in the current study, a clear cut off threshold could
not be established. The study supports the importance of cross
sectional imaging in the workup of MoM-THA as laboratory
parameters lack sensitivity and specificity. Although CT
scanning appears to be a better imaging test for the detection of
osteolysis compared to metal artifact reduction sequence
(MARS) MRI in metal-on-metal hip arthroplasties [22, 23], it
has not been widely recognized in screening protocols for
MoM-THA [19, 20, 24, 25].

A recent publication by Fehring et al. [26] concluded
that the cobalt-chromium ratio does not predict tissue
damage at the time of revision surgery. The paper has come
under criticism because it: (1) was not based on a clearly
defined study population, (2) did not include all patients
with revision surgery, (3) did not report the cobalt-chro-
mium-ratio for non-revised patients, (4) and assumed nor-
mal distribution of the metal ion levels without testing for
it [27]. The current paper reports data on a well-defined
study population and includes revised as well as non-re-
vised patients. In addition non-parametric tests were used
since the data are not normally distributed.

Conclusion

Cobalt and chromium are routinely measured during the
follow-up of MoM-THA. The disproportional increase of
cobalt over chromium, especially in male patients with
large component sizes cannot be explained by wear alone
and suggests that other processes (corrosion) might con-
tribute to metal ion levels and might be more pronounced
in patients with larger component sizes. This might suggest
an increased risk for patients with bilateral Modular
Birmingham MoM-THA.
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