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Abstract

Introduction Metal-on-metal (MoM) hip replacement bearings
produce metallic ions that can cause health complications.
Metallic release also occurs with other materials, but data on
metallic ion levels after knee arthroplasty are sparse. We postu-
late that knee replacement generates elevating metallic ions
(chromium (Cr), cobalt (Co) and titanium (Ti)) during the first
year after implantation.

Patients and methods This ongoing prospective study included
all patients who underwent the same type of knee arthroplasty
between May and December 2013. Cr, Co and Ti levels were
measured in whole blood at pre-operation and one-year follow-
up (6 and 12 months). Clinical and radiographic data (range of
motion, Oxford, International Knee Society (IKS) and satisfac-
tion scores) were recorded.

Results In 90 patients, preoperative Cr, Co and Ti metallic ion
levels were respectively 0.45 pg/l, 0.22 ug/l, 2.94 pg/l and in-
creased to 1.27 pg/l, 1.41 pg/l, 4.08 pg/l (p <0.0001) at last one-
year follow-up. Mean Oxford and IKS scores rose, respectively,
from 45.9 (30-58) and 24.9 (12-52) to 88.3 (0-168) and 160.8
(93-200) (p < 0.001).

Conclusion After the implantation of knee arthroplasty, we
found significant blood elevation of Cr, Co and Ti levels
one year after implantation exceeding the normal values. This
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metallic ion release could lead to numerous effects: allergy,
hypersensitivity, etc.

Keywords Knee prosthesis - Metallic ions - Chromium -
Cobalt - Titanium

Introduction

Metal alloys implanted in the body corrode over time and can
trigger systemic metallic ion release [8]. In this respect, total knee
arthroplasties (TKA) and total hip arthroplasties (THA) with
metal-on-metal (MoM) bearings, paediatric knee prostheses and
spinal procedures all raise questions about metallic ion transition
in blood [1, 4, 19-21]. Some MoM THA configurations have
been correlated with high chromium (Cr), cobalt (Co) and titani-
um (Ti) levels, local adverse reactions (adverse reaction metal
debris (ARMD), pseudotumors, Aseptic Lymphocyte-dominated
Vasculitis-Associated Lesion (ALVAL), etc.) [1, 4, 17, 19-21].
Besides local lesions, their release could be involved in systemic
allergic reactions (hypersensitivity, skin reactions) [13].

Unlike MoM THA, polyethylene interfaces are present in
TKA configurations, avoiding MoM contact. However, their
large metallic surfaces are potentially prone to passive corrosion
by synovial fluid [10]. In addition, femoral and tibial stems with
Morse tapers induce MoM junctions which could release metal-
lic ions [3].

The purpose of this study was to analyze metallic ion release
in blood after knee arthroplasty implantation in a prospective
series with pre- and post-operative biological analysis. The main
hypothesis was the observation of an elevation of metallic ions
levels after knee arthroplasty. The second one was the lack of
correlation between the ions release and the clinical scores. The
last one was the lack of correlation between the ions release and
the metallic alloy volume of knee arthroplasty.
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Materials and methods
Patients

A single-centre, prospective study was conducted between May
and December 2013. Patient consent was obtained systematically
before surgery. The inclusion criterion was: adult patients under-
going TKA from 1 manufacturer (Zimmer®) for primary osteo-
arthritis. The femoral component of Legacy Posterior
Stabilized® LPS / Unicondylar ZUC®/ Legacy Constrained
Condylar Knee ® LCCK / Rotating Hinge Knee® RHK models
is a Cr-Co alloy (Zimaloy®). The tibial component of LPS/
ZUC/ LCCK models is a titanium alloy (Ti-Al6 Tivanium-V4).
The tibial component of the RHK model is a Co-Cr alloy.
Extension stems are of Ti alloy (Titanium Al6-V4; Table 1).
Both components are cemented.

Exclusion criteria were: patients with another articular pros-
thesis, TKA implantation from another manufacturer, occupa-
tional exposure to toxic metals (industrial paints, solvents) and
protocol non-acceptance.

Evaluation criteria

Blood samples were drawn from all patients on the day of
surgery, before TKA implantation. During follow-up, blood
specimens were taken six and 12 months after surgery. Co and
Cr levels were measured by inductively-coupled plasma mass
spectrometry (MS) with collision cell to eliminate spectro-
scopic interference. Ti was evaluated by Varian 820 MS
(Bruker, Wissembourg, France). Whole blood was analyzed
via type BD Vacutainer needle (Eclipse blood collection nee-
dle). The detection limit was 0.05 pg/l, and the quantification
limit was 0.1 pg/l [11]. The normal detectables values for
chromium, cobalt and titanium levels were respectively infe-
rior to 0.5 pg/l, 0.5 pg/l and 4 pg/l and were defined as outlier
biological values [11].

Clinical evaluation was based on Oxford Knee Score [9] and
International Knee Society (IKS) [7] scores, preoperatively, and
at six and 12 months. Bipodal orthopantograms X-rays were
evaluated for mechanical hip knee angle (HKA) and tibial slope
on lateral views pre- and post-operatively. TKA implant migra-
tion was verified according to the criteria and areas described by
the International Knee Society, to ascertain prosthetic failure and/
or excessive blood levels of metallic ions [2].

Statistical analysis

The kinetics of Cr, Co and Ti levels were assessed in a linear
mixed model. Correlations between metallic ions on the first
day (day 0) and at last follow-up with different factors were
investigated by linear regression (adjusted to day 0 metallic
ion levels). The evolution of clinical parameters from the day
0 to last follow-up was analyzed by Student’s t-test or
Wilcoxon matched pairs signed rank test. Statistics were proc-
essed by SAS 9.4 software (SAS Institute, Cary, NC, USA)
with significance level of 5%.

Results

On the 144 patients included according to the inclusion
criteria, 54 were excluded because of another articular pros-
thesis pre-operatively (50 patients) and protocol refusal (4
patients). This left 90 patients (90 implants) included for anal-
ysis. No patient was lost to follow-up, and no deaths occurred
during the follow-up period. Of these 90 patients, 8 underwent
unicompartmental knee arthroplasties (Group 1), 66 posterior-
stabilized knee arthroplasties (Group 2) and 16 intramedullary
stem knee arthroplasties (LCCK or RHK; Group 3). Our series
included 65 women and 25 men with average age of 66.2 years
(39-89) (Table 2). No metal or jewelry skin allergy to nickel,

Table 1 Summary of prosthetic
alloy composition
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CoCrMo CoCrMo Ti-Al6-V4 Ti-Al6-V4
Protasul™-1/ Protasul™-20/ Protasul™-64 WF Tivanium®
Zimaloy® Protasul™-21 WF

Cr27-30% Cr 26-30% Al5.50-6.50% Ti 88.48-90.48%
Mo 5-7% Mo 5-7% V 3.50-4.50% Al5.50-6.50%
Ni max. 0.25% Ni max. 1.00% C max. 0.08% V 3.50-4.50%
Fe max. 0.75% Fe max. 0.75% Ni max. 0.05% C max. 0.08%

C max. 0.35% C max. 0.35% O max. 0.13% Ni max 0.05%
Si max. 1.00% Si max. 1.00% H max. 0.012% O max. 0.13%

Mn max. 1.00%

Mn max. 1.00%
Ni max. 0.25%

Fe max. 0.25%

Fe max. 0.25%
H max. 0.0125%

Co: Cobalt; Cr: Chromium; Mo: Molybdenum; Ti: Titanium; Al: Aluminum;
C: Carbon; Si: Silicium; Fe: Iron; Mn: Manganese; H: Hydrogen; O: Oxygen

V: Vanadium; Ni: Nickel;
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Table 2 Demographic data on
the three groups (average
(minimum; maximum))

Variable

Group 1 (8 cases)
Unicompartmental prosthesis

Group 2 (66 cases)
Posterior stabilized prosthesis

Group 3 (16 cases)
Stem prosthesis

Age (years)
Male/female ratio
BMI (kg/m?)
Creatinine clearance
(ml/min)
Arthroplasty type

59.1 (40-83)
4/4

29 (24-35)
116.8

UCP 5 cases
FPP 3 cases

68.3 (39-84)
20/46
31.2 (19-44)
102.3

TKA PS 66 cases

63.6 (40-76)
1/15

34.6 (28-44)
133.2

LCCK 12 cases
RHK 4 cases

UCP: Unicompartmental High Flex®; FPP: Gender Patello Femoral Joint®; TKA PS: Nexgen LPS-Flex®;
LCCK: Legacy Constrained Condylar Knee®; RHK: Rotating Hinge Knee®

Cr, Co or Ti was found. The mean metallic ions levels were
under the normal detectables values.

All clinical parameters were improved at last follow-up
(Table 3). Mean Oxford score increased from 45.9 to 24.9
(p < 0.0001). Overall IKS score went from 88.3 to 160.8
(p < 0.0001). Average knee flexion improved by 8.7°
(109.2° to 117.9°) (p < 0.0001).

Pre- and post-operative HKA angles mostly showed
well-axed knees pre-operatively as well as post-operatively.
Angle normalization was observed (p = 0.01). Knees in group
2 patients were more often in varus pre-operatively (HKA

176.2°) and became oriented with normal axis post-
operatively (178.4°).

Average pre-operative Cr, Co and Ti blood levels were,
respectively, 0.45 pg/l, 0.22 ug/l and 2.94 pg/l. At post-
operative year one, they increased, respectively, to 1.27 pug/l,
1.41 pg/l and 4.08 pg/l (p < 0.0001) exceeding the normal
values (Table 4 and Fig. 1). At one post-operative year, the
percentages of outliers’ values were, respectively, for chromi-
um, cobalt and titanium 83%, 76% and 19%.

None of the following parameters was significantly corre-
lated with metallic ion release: kidney function, age, body

Table 3  Significant improvement of all the clinical results (Oxford score, IKS score, range of motion) and result of the radiographic analysis (HKA

angle) (average (minimum; maximum))

Variable Group 1 Group 2 Group 3 Total p-value
Unicompartmental Posterior stabilized Stem prosthesis
knee prosthesis knee prosthesis

Number of cases 8 66 16 90
Oxford

DO 43.8 (34;50) 45 (30;58) 45.2 (30;52) 45.9 (30;58)

M12 27.1 (15;42) 21.2 (12;52) 31 (18;50) 24.9 (12;52) <0.0001
IKS — Knee

DO 57.4 (50;68) 50.2 (13;78) 32.6 (0;68) 48 (0;78)

M12 85.5 (64;100) 89.7(58;100) 89.4 (77;100) 86.5 (35;100) <0.0001
IKS — Function

DO 53.8 (30;70) 48.5 (0;90) 42 (35;70) 44.4 (0;90)

M12 84.5 (60;100) 79 (0;100) 59 (35;100) 74.3 (0;100) <0.0001
IKS — Global

DO 111.1 (85;132) 94.3 (0;168) 74.6 (35;115) 88.3 (0;168)

MI12 170 (124;200) 168.7 (93;200) 148.4 (126;191) 160.8 (93;200) <0.0001
Flexion

DO 118.8 (90;130) 108.6 (85;130) 116 (90;155) 109.2 (85;155)

MI12 126.3 (110;135) 119.3 (95;140) 118 (110;130) 117.9 (70;140) <0.0001
HKA

DO 173.7 (162;181) 176.2 (166;200) 191.4 (165;210) 177.3 (162;210)

MI12 174.6 (162;183) 178.2 (173;187) 183 (179;185) 178.4 (162;189)

HKA mechanical hip knee angle
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Table 4 Average (minimum;
maximum) Cr, Co and Ti ion
release (pg/1) in whole blood

Ion released

Group 1

Group 2

Group 3

Total

0.48 (0.02;1.7)
0.83 (0.1:4.82)
1.23 (0.1;2.81)

0.23 (0.03;1.18)
0.67 (0.10;1.77)
1.34(0.20;2.91)

2.99 (0.54;5.41)
3.46 (1.56;5.73)
4.08 (1.95:6.51)

0.3 (0.11;1.05)
0.56 (0.11;1.16)
1.82 (1,12;2.28)

0.12 (0.09:0.18)
0.75 (0.21;1.67)
1.66 (0.54:2.99)

245 (2:2.75)
3.14 (2.41;40)
4.68 (3.90:5.03)

0.45 (0.02;1.70)
0.82 (0.10:4.82)
1.27 (0.10;2.81)

0.22 (0.03;1.18)
0.74 (0.10;2.58)
1.41 (0.13;2.99)

2.94 (0.54;5.41)
3.48 (1.56;7.60)
4.08 (1.45:6.51)

Cr
DO 0.31 (0.14;0.70)
M6 0.81 (0.1;1.82)
M12 1.48 (1.1;1.99)
Co
DO 0.16 (0.07;0.26)
M6 0.57 (0.11;1.77)
M12 1.43 (0.23;2.47)
Ti
DO 2.81(1.41;4.35)
M6 321 (2.21;4.50)
M12 4.05 (2.07;5.90)
D0 day 0

mass index (BMI), prosthetic volume implanted,
intramedullary stems, implant size, post-operative HKA an-
gle, and clinical knee scores (Oxford and IKS). No correlation
was found between increased average metallic ion levels and
the three patient groups.

Discussion

The evolution of metallic ion levels (Cr, Co and Ti) after
MoM THA implantation is well-known [19]. However,
other types of orthopaedic surgery can also lead to metal
release: Maverick lumbar disc prostheses [5], spinal
hardware [1], etc. Similarly, ion release appears to be
very significant after TKA implantation, regardless of
implanted arthroplasty type [5, 18]. Pre-operative rates
were the strength of our study, making follow-up anal-
ysis very relevant.

Nevertheless, our study has several limitations. Study
population size was quite low (90 cases). However, to
our knowledge, it is the largest series of its kind. On
the other hand, it is directly related to the fact that more
than 50% of patients operated during the inclusion period
were excluded from the study. Also, we wanted to ana-
lyse only one type of metal alloy from a single manu-
facturer to obtain consistent results. In addition, we ex-
cluded previous arthroplasty patients to avoid blood
levels being impacted by other metallic implants. Our
follow-up was short. However, the one-year follow-up
period seems sufficient to avoid the implant run-in phase
and obtain metallic levels considered as stable over time
[5, 6].

In 1989, Sunderman et al. [16] reported a significant rise in
metallic ion blood levels three months after TKA implantation
compared to healthy subjects. Their finding was confirmed by
Luetzner et al. [12]; as in our study, no correlation between the

@ Springer

evolution of metallic ions and BMI or physical activity was
found. Our work confirms that metallic ion release is not cor-
related with metallic volume implanted. A similar observation
was made by Luetzner et al. [12] who did not discern any
metallic ion level difference after one- or two-knee
arthroplasty. Mean Cr and Co concentrations were, respective-
ly, 0.92 pg/l and 3.28 pg/l in the unilateral TKA group and
0.98 pug/l and 4.28 g/l in bilateral TKA.

Friesenbichler et al. [4] reported increased metallic ion
release in patients who underwent knee megaprosthesis
compared to patients assigned to hinge TKA. Their hy-
pothesis was based on wide, passive corrosion of the
femoral component by synovial fluid. Other teams have
suggested that Morse taper junction stems may be re-
sponsible for elevated ion release [4, 14]. In our series,
we did not encounter significant differences between the
average metallic ion release rate and TKA type. The low
numbers of patients with intramedullary stems could ex-
plain this result. Another possible reason is the non-
articular location of the stems [14]. Although mobility
and corrosion were seen in Morse taper junction stems,
it was unlikely that blood ion elevation was impacted.
Moreover, no correlation was noted between metallic al-
loy volume (uniKA or TKA) and ions release.

Currently, there seems to be considerable diagnostic in-
terest in evaluating metallic ion levels because of painful
TKA. Savarino et al. [15] ascertained significant Cr eleva-
tion in a patient group with painful TKA compared to
healthy subjects. Similarly, pain after TKA, correlated with
metal allergies, created significant diagnostic problems. To
date, a real test to confirm this diagnosis does not exist. We
believe that evaluation of blood metallic ions is an additional
and informative tool to corroborate these allergic episodes.
Intra-articular assessment might also be worthwhile. In this
context, adequate monitoring of metallic ions in individual
patients could be developed, especially for patients with
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Fig. 1 Evolution of Co (A), Cr (B) and Ti (C) ion levels between the first day (D0) and last follow-up (M12)

proven pain but without evidence of loosening or other signs
of prosthetic dysfunction.

It is noteworthy that only pre-operative evaluation will al-
low verification and confirmation of metallic ion elevation at
follow-up. Indeed, our study demonstrates that pre-operative
data on Cr, Co and Ti ions are highly variable from one patient
to another. All the patients had detectable metallic levels like
in the general population (within 0.5 pg/l for chromium and
cobalt). The impact of metallic ion release is still unknown.
However, the levels found in our study were very similar (or
even higher) than those seen after metal hip resurfacing or

MoM THA [11, 19, 20]. No complications related to metallic
ion release were observed in our series.

Conclusion

After the implantation of knee arthroplasty, we found signifi-
cant blood elevation of Cr, Co and Ti levels one year after
implantation exceeding the normal values. Our prospective
study, in which each patient was his/her own control (through
pre-operative evaluation), discerned significant ion release

@ Springer
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similar to that after MoM THA. No correlation between ions
release and clinical scores or metallic alloy volume were
noticed.
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