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Summary

Objective. The aim of this study is to evaluate the relationship between serum and whole 
blood chromium and cobalt levels in a group of patients with metal-on metal total hip ar-
throplasty (Depuy ASR™). A conversion formula was developed to allow adequate evalua-
tion of patients and correctly interpret the measured value. 
Methods. The authors retrospectively reviewed a series of 150 patients and prospectively 
analysed 64 patients who satisfied inclusion criteria. We collected data by taking simultane-
ously sample of chromium and cobalt ionemia from blood and serum. 
Results. Statistical analyses revealed significant differences between chromium and cobalt 
values in serum and whole blood (p 0.007), but with a strong positive correlation for both 
chromium (r 0.927) and cobalt (r 0.935). The authors also calculated a conversion formula 
to convert whole blood ion levels into serum levels, Cr se = -0.32582 + 1.39018*Cr WB for 
chromium and Co se = 0.239637 + 0.804279* Co WB, for cobalt.
Conclusions. The difference between serum and blood values of chromium and cobalt 
is highlighted in a strong positive correlation. The development of the conversion formula 
allows to better interpret laboratory data and improve care and monitoring of patients. 
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Introduction

Metal-on metal (MoM) total hip replacements (THR) and resurfacing arthroplasty 
have been used extensively in elective and post-traumatic hip fractures, restoring 
mobility and quality of life to thousands of patients. MoM have been used pre-
dominantly in young patients, reaching their peak between 2006 and 2008 with 
over 3000 implants annually. Following the warning of the “Medicine and Health-
care Products Regulatory Agency”(MHRA) in 2010, their use has been gradually 
reduced and almost completely disappeared in 2019 1. This reduction is linked to 
the high revision rate to which these implants are subjected compared to implants 
with ceramic or polyethylene coating interface, with 4294 revisions on 22115 total 
hip replacements with MoM bearing surface and a cumulate percent revision at 10 
years ranging from 7.1 to 45% 1. The main reasons for revision (47.9% of cases) 
reported in the literature has been described as an adverse reaction to metal debris 
(ARMD) 2, followed by aseptic loosening (18.3%) and infection (10.8%). The etio-
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pathogenetic mechanism is linked to metallic corrosion, which 
involves the local and systemic release of chromium and cobalt 
ions and to wear with the formation of debris 3. Comparative 
in vitro studies have shown a production of metal debris in the 
order of 6-834 nm 4, about 20 times smaller than debris of met-
al-on-polyethylene  5, but numerically greater. Local accumu-
lation of metal debris can lead to T-mediated hypersensitivity 
reactions  6,7, peri-prosthetic osteolysis  8, joint and periarticu-
lar effusions, and chronic inflammatory soft tissue reactions, 
known as pseudotumors, aseptic lymphocytic vasculitis asso-
ciated lesions (ALVAL), or adverse local tissue reactions (AL-
TR) 9. In addition, debris and metal ions can bind to proteins 
and cells 10 and can be transported away from joint, increasing 
the serum, blood and urinary levels of chromium and cobalt 11 
with long-term systemic effects with the possible development 
of polyneuropathy, cardiomyopathy and hypothyroidism 12. 
In 2014, the Scientific Committee on Emerging and New-
ly Identified Health Risks (SCENIHR) developed guidelines 
for monitoring MoM 13 based on patients’ clinical evaluation, 
blood and serum values of chromium (Cr) and cobalt (Co) and 
radiological diagnostics. Measurements of metal ions and their 
interpretation have become fundamental  14. Various matrices, 
such as whole blood (WB), serum (Se) and urine, can be used. 
Analyses in whole blood or serum is preferable, since urine 
requires a 24h collection and the levels seem to be more vari-
able due to variations in hydration, serum creatinine and renal 
function 15. Concerning the preferential measurement in Se or 
WB, no consensus has emerged regarding the superiority of 
one method over another. However, serum values are a slightly 
more accurate source of information, since they do not include 
chromium and cobalt intracellular ions, especially within red 
blood cells (RBC). The use of the same matrix (Se or WB) in 
the comparison of consecutive ionic values in the same patient 
or in different patients is essential since these values are not 
interchangeable and their correlation is still under study and 
evaluation 16.
The aim of our study is to evaluate serum and blood values of 
chromium and cobalt with double sampling on the same day in 
a group of patients. A conversion equation was also evaluated 
to calculate serum ion levels from whole blood, allowing blood 
values to be converted into serum levels and vice versa.

Materials and methods

Study was approved by the International Review Board. The 
authors retrospectively analyzed a series of 150 patients with 
MoM prostheses, already in follow-up since 2012 at our hospi-
tal (single regional reference center). A prospective study was 
conducted between March 2019 and March 2020, following 
64 patients in a controlled study. All patients were subjected to 
Cr and Co ionemia sampling on whole blood and serum at the 
same time, and all subsequent blood sampling was carried out 
in the same manner.

Patients with MoM Depuy ASR™ and ASR™XL acetabular 
system implanted at our center from 2005 to 2010 were includ-
ed in the study (64 patients), with at least 10 years of follow-up 
and not subjected to revision of the implant. The exclusion cri-
teria concerned 86 patients implanted with MoM implants with 
a follow-up less than 10 years, with incomplete radiological or 
clinical documentation, or who had already carried out an im-
plant revision. In addition, patients with serum and blood co-
balt values lower than 0.5 μg/L were excluded from the study.
Clinical and demographic data of patients (gender, age, years 
of implantation, blood and serum values of chromium and co-
balt) were prospectively collected in clinical records.
Blood samples were collected using non-metallic needles, 
discarding the first 5 ml of blood to avoid contamination, and 
collecting the next 5 ml in tubes containing 6 ml of ethylen-
ediaminetetraacetic acid (EDTA). After collection, the blood 
tube with the coagulation activator was set aside for about 
30 minutes and centrifuged at about 3600 rpm for 10 minutes, 
prior to storage at a maximum of 4°C and sent to two differ-
ent laboratories for analysis. The level of chromium and cobalt 
ions in blood was determined using the ICP/MS Perkin Elm-
er DRCII spectrophotometric apparatus with cyclonic cham-
ber under laminar flow. Measurements of serum values were 
carried out by inductively coupled plasma mass spectrometry, 
icap Q (ICP/MS, Thermo Fischer Scientific, USA) with Cetac 
ASX520 (Cetac Technologies), PFA cyclonic spraying cham-
ber and quartz injector with diameter 2.5 mm. 
Descriptive statistics were obtained by reporting average, me-
dian and interquartile ranges (IQR) for continuous variables 
and frequencies and proportions for discrete variables, as ap-
propriate. The continuous variables were analyzed with the 
Wilcoxon sign range test (Wilcoxon signed - Rank Test) based 
on their non-normal distribution for serum and blood values 
of chromium and cobalt, respectively. The normal distribution 
of variables was tested by the Kolmonorov-Smirnov test. The 
correlation between serum and blood values of chromium and 
cobalt was analyzed by the correlation coefficient for Spear-
man ranks, based on the abnormal distribution of values. 
The elaboration of the equation “serum metal level = α+ β* met-
al level in whole blood” was obtained by simple linear regres-
sion with an adapted model having 85.88% of the variability in 
serum metal. Statistical significance was set as p < 0.005. All 
tests were two-tailed. The analysis was developed using SPSS 
v.24 (IBM SPSS Statistics for Mac, Armonk, NY, IBM Corp). 

Results

The study group included 64 patients considered eligible and 
a mean age at the time of the study of 74  years (IQR, 71-
77 years) and a median age of 76 years (DS 11); 36 patients 
were male (56.25%) and 28 female (43.75%). The average of 
years since the primary prosthesis was 11 years (IQR 10-11 
years) and 10 median years (DS 1). The median of serum co-
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balt was 6.08 μg/L (DS 8.46), serum chromium 3.67 μg/L (DS 
5.31), blood cobalt 7.2 μg/L (DS 9.83) and blood chromium 
2.9 μg/L (DS 3.5). Data are shown in Table I.
After evaluation with Kolmonorov-Smirnov test and verified 
non-parametric distribution of the analyzed data, univariate 
analysis was carried out based on the Wilcoxon Sign Rank 
test which showed a significant difference between serum and 
blood chromium values with a p-value of 0.007 and thus al-
lowing to reject the null hypothesis. A similar calculation was 
made to analyze the significant difference between serum and 
blood cobalt values; a p-value of 0.007 was obtained. 
The correlation coefficient analysis, carried out using the cor-
relation coefficient for Spearman ranks indicated by “r”, was 
carried out considering as “x” the value on blood and “y” the 
value on serum. It was calculated according to the following 
formula, considering both chromium and cobalt values previ-
ously converted into ranks:

Measured a value of r  =  0.927 (p  0.001) for chromium and 
r  =  0.935 (p  0.001) for cobalt and being both values of “r” 
remarkably close to +1, it can be deduced that the blood and 
serum measurements of the two metals are positively correlat-
ed to one another. 
Linear regression analysis according to a simple linear mod-
el Y = α+ β*X, with serum chromium (Cr  se) as a depend-
ent variable and blood chromium (Cr WB) as an independent 
variable, showed the following conversion formula: Cr se= 
-0.32582 + 1.39018*Cr WB with p value < 0.05 (R- 85.8834%) 
(Fig. 1). Using analogous analysis, with dependent variable the 
serum cobalt (Co se) and independent variable the blood cobalt 

(Co WB), following conversion formula has been obtained: Co 
se = 0.239637 + 0.804279* Co WB with p value < 0.05 (R-
87.3728%) (Fig. 2).

Discussion

The assessment of metal ion levels is becoming increasingly 
important in the evaluation of MoM implants as an indicator 
of the mechanical failure of the implant and possible tissue 
and systemic damage, as reported by the literature and MHRA 
in 2010 14,17. The analysis of analytical data should be accom-
panied by clinical evaluation of patients, medical history and 
radiological imaging, using hematic or serum ionemia as a cen-
tral element 13. 
In our study, a significant difference was found between blood 
and serum values of chromium and cobalt after a double sam-
pling carried out simultaneously in patients. Concerning the 
serum-blood difference for a given metal, slightly lower serum 
values with an average difference of 1.72 μg/L were found for 
cobalt; in the case of chromium, the serum values found were 
higher with an average difference of 1.19 μg/L, in accordance 

Figure 1. Conversion formula for blood chromium into 
serum on simple linear regression model.

Figure 2. Conversion formula for blood cobalt to serum 
based on simple linear regression model.

Table I. Table on clinical patient data.
Clinical data of 64 patients
Gender, n (%) Male 36 (56.25%)

Females 28 (43.75%)
Average age of patients (IQR) 74 (71-77)
Years from primary replacement 
(median, DS)

10 (DS 1)

Serum cobalt values
(median, DS)

6.08 ųg/L (DS 8.46)

Serum chromium values 
(median, DS)

3.67 ųg/L (DS 5.31)

Blood cobalt values 
(median, DS)

7.2 ųg/L (DS 9.83)

Blood chromium 
(median, DS) values

2.9 ųg/L (DS 3.5)
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with literature results  18. The slight deviation from the litera-
ture can be attributed to the different sampling and process-
ing systems  19. Although the superiority of one method over 
the other has not been demonstrated and both can be used in 
clinical practice 16, serum values are more precise as they are 
not influenced by the intracellular ionic portion. Daniel et al. 11 
noted that many laboratories continue to prefer whole blood 
measurements to avoid contamination and sample abnormali-
ties during centrifugation and separation of serum from blood. 
Analysis of the correlation coefficient showed a high positive 
correlation index for both chromium and cobalt. Although the 
blood and serum values measured in a single patient are signif-
icantly different, they are low or high in a consensual way giv-
ing a representative measurement of the values of metal ions in 
the patient and increasing the predictive value.
The verification of the conversion formula to extrapolate from 
whole blood the levels of metal ions in serum is attractive for 
obvious reasons as reported by Smolders et al.  18. Although 
they are not interchangeable values, conversion and possible 
adjustment from one parameter to another is possible with 
high levels of statistical accuracy. The wide range of serum 
and blood values of chromium and cobalt in our study allowed 
to greatly increase the predictive value of the conversion for-
mula, becoming particularly useful and effective for a range of 
Cr WB values between 0.2 and 12 μg/L and Co WB 0.5 and 
33 μg/L. The levels can also be estimated with a low prediction 
error given the wide range of values considered, i.e. less than 
1.38 μg/L for chromium and 1.95 μg/L for cobalt.
A conversion formula between serum and blood measurements 
is reported in the literature 18, but it shows a more limited range 
of metal ions with a predictive error margin of about 1 μg/L, 
which is high for a limited range of values.
Our study highlights the importance of standardizing the ana-
lytical methods and predictive value of metal ion screening in 
the evaluation and follow-up of patients with MoM implants in 
accordance with medical alerts 17, but also it allows comparison 
and interpretation of serum and blood measurements of chromi-
um and cobalt ions in a wide range of use, which is not present 
in the existing literature. The wide range of values recorded on a 
homogeneous group of patients for prosthetic implants (Depuy 
ASR™ Hip System) highlights the close relationship between 
the level of metal ions and implant malfunction. In 2017, the 
MHRA established that for all patients with whole blood metal 
ion values > 7 μg/L (equivalent to 119 nmol/L for cobalt and 
134.5  nmol/L for chromium) a close follow-up with clinical 
evaluation and radiological imaging with magnetic resonance 
imaging with metal artifact suppression sequences (MARS-RM) 
is indicated  20. In these patients, the development of tissue re-
actions or ARMD-type reactions should be considered likely 20. 
High levels of serum or blood Cr and Co ions can be found in 
patients carrying mechanical heart valves, orthodontic implants, 
intake of food equivalents or environmental/professional sourc-
es, becoming confusing factors in the interpretation of data. Giv-

en the enormous variability of the prosthetic design, technical 
specifications and fabrication of the implant and the reactive 
and inflammatory response of the patient, it is always necessary 
to carry out second-level radiological investigations (MRI with 
metal suppression sequence, MARS- MRI or CT) and clinical 
examination before indicating a review surgery.
The limits of our study are linked to the limited number of 64 
patients, a sample of patients in significant reduction for the 
increase of revised implants with metal-polyethylene, ceram-
ic- ceramic or ceramic-polyethylene and for the general aging 
of the population analyzed. Our results have also been influ-
enced by being collected by a single regional reference center, 
both positively and negatively. The process of collection and 
analysis of the results has been revised and analyzed through 
collegial methods and the analytical path was constant and me-
thodical during the duration of the study.

Conclusions

The Authors highlight that significant positive correlation of 
serum and blood values for chromium and cobalt. The devel-
opment of a conversion formula for the blood and serum values 
of the two metals allows to better interpret laboratory data and 
improve the care and monitoring of patients. 
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