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The most common reasons for revision of metal-on-metal hip arthroplasty are aseptic loosening and
metal reaction. Failure of a metal-on-metal implant due to the aggressive destruction of periprosthetic
tissues may require extensive reconstruction procedures. The aim of this case report is to describe the
treatment in an asymptomatic patient with high levels of chromium and cobalt, using chelation therapy.
The rational use of N-acetyl-cysteine (NAC) involves thiol groups to chelate sites for metals. More than 10

years after the metal-on-metal hip arthroplasty, the patient did not have to undergo revision surgery; the
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levels of the ions in the blood were considerably lowered (chromium from 4.51 mcg/L to 1.85 mcg/L;

cobalt from 7.78 UG/L to 0.8 UG/L) after using NAC without adverse effects.

© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Total hip replacement is a universally recognized treatment for
the final stage of arthrosis [1]. The production of wear debris, which
is primarily generated by the contact surface of the prosthetic
components, represents the major causal factor of periprosthetic
osteolysis and therefore of implant survival. For this reason, a
number of alternative bearings have been developed, based on both
new and traditional concepts. Current alternatives are represented
by metal-on-metal (MoM) couplings, ceramic-on-ceramic, and a
combination of ceramic-coated heads with polyethylene. Since
1996, more than 1 million total hip arthroplasties with a metal-on-
metal bearing couple have been implanted in the United States and
worldwide [2]. Despite the theoretical advantages associated with
lower wear rates and the greater relative stability of large diameter
components, factors that have made this bearing combination
favorable option in younger and more active patients have not yet
been shown to have long-term superiority over other bearing
choices. The deposition of metal ions into the periprosthetic space
can lead to a wide spectrum of soft-tissue reactions including
massive sterile effusions, necrosis, corrosive osteolysis, and both
cystic and solid periprosthetic masses. The abnormal soft-tissue
reaction to MoM bearing surfaces results from the deposition of
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cobalt-chrome particulate debris in the surrounding tissues. The
contact between the cobalt-chrome femoral head and metal liner
leads to release of metal ions; furthermore, this frictional torque is
the subject of recent controversy and skepticism owing to the
occurrence of failures caused by adverse tissue reactions to the
metal-on-metal surface prosthetics [3]. After the withdrawal from
the world market in 2010 of surface prosthetics, Durom (Zimmer
Biomet), and ASR (DePuy Johnson & Johnson), as well as the large
diameter XL heads (DePuy Johnson & Johnson), metal-on-metal
bearings have been a subject of contention in the scientific litera-
ture [4].

Although most patients with this type of prosthesis do not show
problems, there is evidence that in some cases, metallosis generates
local and systemic reactions, owing to an increased release of cobalt
and chromium ions in the joint space [5]. Furthermore, these wear
particles can be generated not only by the prosthetic joint interline
but also from corrosion and fretting phenomena of the modular
head-neck junction (morse taper) or modular neck-prosthesis stem
with stem [6].

Release of both metal ions and nanoparticles occurs after
abnormal wear of MoM articulations. Metal particulate debris has
increased bioactivity, quantity of particles, and surface area
compared with the classic larger particles from polyethylene wear.
The metal particles are then phagocytosed by giant cells and
macrophages, which leads to a release of intracellular metal ions
and subsequent cell death. Macroscopically, this can manifest as
soft tissue destruction, aseptic loosening, and osteolysis. Local
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metal debris is also associated with increased serum ion levels.
These levels may become grossly elevated with progressive implant
loosening [3].

In 2012, the Hip Society proposed an algorithmic approach to
diagnosis and management of metal-on-metal arthroplasty to
minimize complications and standardize treatment in patients
with this type of prosthetic implants [7].

One of the major questions currently presented to the ortho-
paedic surgeon is how to evaluate and monitor patients with a
MoM implant over time and how to treat patients with prosthetic
malfunctions or complications ascribable to metallosis. The aim of
this case report is to describe the treatment of a patient with
elevated blood chromium and cobalt levels in the absence of sys-
temic manifestations using a chelating therapy with N-acetyl-
cysteine (NAC); in fact, thiol groups in NAC may provide chelating
sites for metals.

Case report

In July 2007, a 49-year-old man, with a negative medical history,
was referred to our department because of pain in his right hip.
During the medical examination, the patient complained of right
coxalgia without a history of trauma. The pain was constant, pre-
sent even at night, and worse with weight bearing. The reported
Harris Hip Score was 48, whereas the Oxford Hip Score was 18 [8,9].

After speaking with the patient, we decided to perform total hip
replacement for severe end-stage osteoarthritis using MoM total
hip implantation (Durom Metasul® Acetabular Component 52,
cementless stem CLS 9/135° and head 48) using a posterolateral
approach. The postoperative clinical course was good with normal
range of movement and no major or minor complications. After 6
years without clinical symptoms, the patient returned to our
attention to perform contralateral hip replacement surgery (Fig. 1).
During the preoperative routine examinations, in consideration of
the previous metal-on-metal implant on the right hip, blood ex-
aminations were performed, highlighting an increase in chromium
and cobalt ions (Cr 1.6 mcg/L, Co 3.5 UG/L). The values of the 2 ions
have increased constantly and magnetic resonance imaging was
also performed showing fluid collection near the iliopsoas muscle
(Fig. 2). Owing to the persistently elevated Co/Cr blood levels,
following the previously mentioned guidelines [7], the patient was
suggested to undergo revision surgery. The patient rejected this
option, as it is completely asymptomatic (Harris Hip score 92), and
for this reason, we opted for chelation therapy with oral high-dose
NAC (1200 mg/die) starting in March 2017. The dosage involves
taking 2 tablets a day (600 mg per tablet) every 12 hours. We

Figure 1. Plain anteroposterior radiograph 6 years after surgery shows well-fixed
components.

decided on NAC therapy in light of the promising results shown in
animal and in vitro studies; moreover, NAC can be considered a
potential Co chelator in the case of severe arthroprosthetic
cobaltism. Finally, we decided on NAC because of the lack of
toxicity. In less than a year, the chromium values went from 3.27
mcg/L to 1.69 mcg/L, whereas cobalt decreased from 7.78 UG/L to
2.5 UG/L without any side effects (Fig. 3). Blood examination was
repeated every 6 months showing an important improvement,
especially regarding cobalt. In fact, in May 2018, the value of
chromium was 1.84 mcg/L; after 6 months, 2.14 mcg/L, whereas in
November 2019, 1.85 mcg/L. As regards cobalt, the level in May
2018 was 2.80 UG/L; in November 2018, 2.70 UG/L, whereas at the
last follow-up, 0.8 UG/L. Detailed results are reported in Table 1.

At the last follow-up, a radiograph of the pelvis and hips was
also taken showing stable positioning of the prosthesis without
signs of loosening or osteolysis.

The patient remains well, without local or systemic issues
related to the use of NAC or to metallosis.

Discussion

MoM bearings were introduced as a potentially favorable option
in younger and more active patients, while ceramic-on-ceramic and
metal-on-crosslinked polyethylene have also demonstrated
encouraging results at up to 10 years of follow-up [10].

MoM wear particles measure between 20 and 80 nm and are
substantially smaller than those found with polyethylene particu-
late debris [11,12]. The number of particles produced per year has
been estimated at around 6.7 x 10! to 2.5 x 10'* which corre-
sponds to 13-500 times the quantity produced in the case of metal-
on-polyethylene bearing combinations [13]. This large aggregate of
particles can have local and systemic effects. In the case of metal-
on-metal prostheses, the local tissue reaction, quantified as per
the number of histiocytes, is approximately one order of magnitude
lower than in the case of metal-on-polyethylene prostheses [14].
Given the smaller size of metal particles compared to those derived
from polyethylene, the number of histiocytes recruited to store the
particles is lower [15]. The metallic particles enter the histiocytes
through pinocytosis and not by phagocytosis as for polyethylene,
and this could alter the cellular response.

Periprosthetic tissues demonstrate a distinct pattern of inflam-
mation with two histologic features including a perivascular lym-
phocytic infiltrate and an accumulation of plasma cells in
association with macrophages containing variable amounts of
metallic wear particles. The synovial lining in patients with MoM
implants is more frequently ulcerated when compared with other
types of implants. This unique lymphocytic perivascular infiltration
has been termed aseptic lymphocytic vasculitis—associated lesion
[16].

In addition, the Co-Cr particles have a greater cytotoxic poten-
tial, and as a consequence, the cells may be unable to generate the
same inflammatory response [13,15]. The release of these particles
also results in the increase in serum values of chromium and cobalt
in erythrocytes, serum, and urine [17]. In vitro studies demonstrate
a dose-dependent response to metal particles: low or moderate
levels stimulate the release of cytokines that can induce osteolysis
[18]. High concentrations are cytotoxic leading to cell death and
therefore tissue necrosis [19]. In general, posteolysis associated
with metallic particulates is lower than that induced by poly-
ethylene particles. Cr and Co particles have been shown to induce
malignant tumors in animal models, fueling concern about the
possibility of similar effects in humans [18,19]. In this regard, there
is ambiguity in clinical evidence. Few studies report cases of peri-
prosthetic tumors, most of which were malignant histiocytomas.
Another study reports 4 cases of soft-tissue sarcoma in the areas
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Figure 2. Axial (A) and coronal (B) magnetic resonance imaging of the right hip show fluid collection in the right iliopsoas about 5 cm x 2 cm x 2 cm.

adjacent to a prosthetic implant [20,21]. Epidemiologic studies
about malignant tumors at a distance from the implants show an
increased risk of lymphoma and leukemias related to old MoM
implants [20,21]. Precisely because of these risks, different treat-
ments have been reported, which take advantage of chelation
therapy, as in our case, to treat metallosis phenomena. In the
literature, there are some studies that use edetate calcium diso-
dium (EDTA), sodium 2,3-dimercaptopropane sulfonate (DMPS),
and dimercaprol as chelating agents [22—25]. EDTA is used to bind
metal ions in the practice of chelation therapy mainly for mercury
and lead poisoning. For chromium toxicity, EDTA failed to show any
benefit in increasing urinary elimination, whereas for cobalt, EDTA
has been the predominant chelator in limited human experience. It
was used as adjuvant therapy in a case in which a prosthetic hip
was leaching cobalt, providing short-term lowering of blood cobalt

Figure 3. Plain anteroposterior radiograph at the last follow-up showing no worsening
of the right hip.

measurements. However, cobalt concentrations rebounded in a
matter of days [22].

Dimercaprol and DMPS are chelating agents principally involved
in the treatment of poisoning by arsenic and polonium-210,
respectively. For the treatment of chromium, DMPS failed to show
any increase in chromium excretion [26].

Only 1 other case report describes the use of NAC in 2 patients,
reporting that in the first case, Co/Cr blood concentrations were
reduced by 86% and 87% of the prechelation levels, whereas in the
other one, a decrease of 45% and 24% of the prechelation levels was
reported [27]. The rational use of NAC involves thiol groups to
chelate sites for metals [27]. Promising results have already been
described in animal studies supported also by in vitro studies [28].
NAC has been reported not only as an effective and safe Co-
chelating agent in some animal models but also as a potential Co
chelator in humans in case of severe arthroprosthetic cobaltism
[27—29]. In 1 animal study, NAC showed an increase in urinary
chromium clearance. Of note, this was not due to any increase in
concentration in the urine, but rather due to maintenance of the
critical factors of adequate urine volume and output. In the study,
Cr was taken in the form of potassium dichromate and animals
treated with NAC reported a dramatica increase in Cr in the urine
on the first day of therapy but on all days, the increase was statis-
tically significant [30]. NAC is also able to reduce chromium

Table 1
Value of chrome and cobalt over the years. From March 2017, the patient started the
oral consumption of NAC 1200 mg/die.

Follow-up Chromium (mcg/L) Cobalt (UG/L)
November 2013 1.60 3.50
November 2014 1.80 4.15
November 2015 2.69 431
November 2016 4.51 7.07

March 2017¢ 3.27¢ 7.78%
November 2017 1.69 2.50

May 2018 1.84 2.80
November 2018 2.14 2.70
November 2019 1.85 0.8

NAC, n-acetyl-cysteine therapy.
@ Starting of NAC, at a dosage of 1200 mg/day.
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hypersensitivity dermatologic reaction [22]. In chronic-cobalt
exposure, NAC is the only chelating agent that reduces tissue co-
balt concentrations in the liver and spleen [31] Moreover, the dis-
tinguishing feature of NAC is that it does not show any toxicity or
adverse effect [32].

Conclusions

Clinical management of metallosis in patients with hip arthro-
plasty remains a significant challenge that involves several spe-
cialists including orthopaedic surgeons and toxicology experts.
Promising results have been reported using chelating agents, and in
our experience, an oral high dose of NAC resulted in a decrease of
Co/Cr blood levels with no adverse effects. Further research is
needed to determine the role of chelation therapy in asymptomatic
metal-on-metal total hip arthroplasty.
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