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ABSTRACT
Systemic poisoning related to cobalt–chromium total hip arthroplasty can affect multiple organs. In the otolaryngologic area the most frequent 
symptoms are tinnitus and hearing loss. In this report, we describe 2 patients with cobalt-containing hip prostheses who presented with otologic 
symptoms. The first case describes a patient with an extremely high cobalt blood level, which we believe may be one of the highest reported to 
date, after replacing a broken ceramic-on-ceramic prosthesis with a metal-on-metal prosthesis. This patient suffered all known complications 
associated with cobalt poisoning and survived. The second case, a female patient with a left resurfacing metal-on-metal prothesis, presented 
with bilateral continuous high-pitched tinnitus that started 8 months after surgery. Orthopedic surgeons and otologists should be vigilant for 
cobalt-induced ototoxicity in patients with metal-on-metal total hip prostheses.
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Introduction

The 3 main types of hip prosthesis by construction material 
are metal-on-metal (MoM), ceramic-on-ceramic (CoC), and 
metal-on-polyethylene (MoP). MoM hip prostheses, which 
are predominantly composed of cobalt and chromium,1,2 were 
thought to cause less volumetric wear and to offer increased 
femoral head sizes for improved stability.3 Leyssens et  al1 
described the types of MoM hip replacement as follows: “Two 
types of hip replacement can be performed with MoM pros-
theses: total hip arthroplasty or hip resurfacing arthroplasty, 
in which the patient’s femur is preserved and capped with a 
metal component.”

On the basis of their proposed benefits, MoM replacements 
enjoyed great popularity in the mid-1990s, representing 
approximately 10% of all hip arthroplasties in developed coun-
tries between 1990 and 20104and even being the second 
most common prosthesis (34.6%) used in the USA in 2006.5,8 
Moreover, estimates suggest that 1 million MoM prostheses 
have been implanted worldwide since their introduction in 
1966.5-7

However, in some cases, the volumetric wear between the 
metal bearing surfaces caused the release of metallic particles 
and ions that led to macroscopic necrosis and osteolysis.9,10 
Consequently, individuals with MoM hip prostheses can show 
variable levels of cobalt in the joint, which can be absorbed 
into the blood and lymphatics.2,11 High cobalt levels have been 
reported to cause cellular apoptosis, necrosis, and oxidative 
DNA damage, but very few reports have described levels high 
enough to risk life. In more recent years, reports have described 
cardiac dysfunction, neurologic sequelae, thyroid dysfunction, 
immune disturbance, and hearing loss and tinnitus in subjects 
with high levels of cobalt and chromium released by MoM total 
hip arthroplasties.12-16 This has led to a sharp decline in the use 
of MoM hip arthroplasties, with only resurfacing in carefully 
selected (young) patients still considered beneficial.1,17,18

We present 2 cases of patients with hearing symptoms after 
MoM hip replacements. One of them was implanted after a 
previously broken ceramic-on-ceramic prosthesis and pre-
sented a very high cobalt blood level and suffered all the com-
plications related to cobalt poisoning and survived. This report 
aims to describe their symptoms, treatment, prognosis, and 
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follow-up and review the currently accepted best practice and 
knowledge, seeking to clarify the appropriateness of otolaryn-
gological checks for patients with MoM prosthesis.

Case Presentation

Case 1
A 69-year-old male presented to our ear, nose, and throat 
(ENT) department with progressive, bilateral, high-pitched 
continuous tinnitus associated with hearing loss and a metal-
lic taste for several weeks. The patient reported a history of 
hypertension, ischemic heart disease, hyperuricemia, and 
bilateral hip replacement. The right hip prosthesis was MoP, 
implanted for the revision of a broken CoC total hip prosthesis 
2 years earlier, and the left hip prosthesis was CoC.

One month later, the patient attended the emergency depart-
ment with a right hip dislocation and a rapidly progressive 
clinical picture of peripheral polyneuropathy, disorientation, 
dysarthria, hypothyroidism, hyperglycemia, hearing loss, and 
diabetes-like symptoms (e.g., polyuria and polydipsia). None of 
these signs and symptoms were present before the hip pros-
thesis implantation.

The emergency physician requested the assessment of the 
on-call orthopedist and otolaryngologist. The orthopedist 
requested a hip X-ray that showed a radio-opaque cloud in the 
joint region, attributable to metal debris (Figure 1), and the oto-
rhinolaryngologist reported normal otoscopy, central Weber 
test result, and bilaterally positive Rinne test. In addition, pure 
tone audiometry was compatible with bilateral, pantonal, mod-
erate-to-severe sensorineural hearing loss with predominant 
high-frequency involvement (Figure 2). Brain MRI was normal.

Blood analysis revealed the following general results: red blood 
cell count, 6.53 × 1012/L (normal: 3.90-5.50 × 1012/L); glycemia, 
163 mg/dL (normal: <100 mg/dL); glycosylated hemoglobin, 
8.7% (normal: <5.7%); and thyroid-stimulating hormone (TSH), 
27.904 (normal: 0.400-4.000). Suspecting toxicity, mass spec-
trometry was performed and revealed elevated serum levels of 
cobalt (767 µg/L; normal, <5 µg/L), chromium (85 µg/L; normal, 
<2 µg/L), and nickel (17 µg/L; normal, <4 µg/L). Measurements 
followed the advice of the Spanish Society of Hip Surgery 
(SECCA), based on the article by Smolders et al,19 for the nor-
mal cutoff values for chromium and cobalt in patients with hip 
prostheses containing these metals.

After excluding infectious, metabolic, and immunologic 
causes, we diagnosed toxicity due to the right hip prosthesis 
and performed urgent surgery to replace the prosthesis with 
a spacer. This revealed metallosis and ceramic fragments 
in the muscles surrounding the prosthesis. The patient was 

subsequently treated with the intravenous chelator ethyl​enedi​
amine​tetra​aceti​c acid (EDTA) for 2 weeks, before switching to 
intravenous N-acetylcysteine (NAC) for 3 months, and con-
tinuing treatment with oral dimercaptosuccinic acid (DMSA) 
and dimer​-capt​oprop​anesu​lphon​ic acid (DMPS) as an outpa-
tient. Over 6 months, cobalt and chromium levels progressively 
reduced to near normal levels and his pure tone audiometry 
(Figure 3) and tinnitus intensity showed improvement.

During follow-up, the patient’s symptoms gradually improved. 
At the most recent assessment, 6 years after the initial pre-
sentation, the cobalt levels were within the normal range and 
both the hyperglycemia and thyroid function had normalized. 
However, moderate distal sensory polyneuropathy and tinni-
tus persisted, and pure tone audiometry showed bilateral, mild, 
high-frequency, sensorineural hearing loss (Figure 4).

Main Points

•	 Systemic poisoning related to cobalt-chromium total hip 
arthroplasty can affect the cardiac, neurologic, endocrine, 
and immunologic systems.

•	 Patients with elevated blood/serum levels of cobalt after 
total hip arthroplasty should be screened for otologic symp-
toms and undergo periodic review by an otolaryngologist.

Figure 1.  Anteroposterior plain radiograph of the pelvis. The 
prosthesis on the right is surrounded by radiopaque deposits due to 
metallic debris.

Figure 2.  Initial audiometry, showing severe neurosensorial hearing 
loss.
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Case 2
A 38-year-old female was referred to our ENT department 
with bilateral continuous high-pitched tinnitus. Her symp-
toms had started 8 months after surgery for a left resurfac-
ing MoM prosthesis implanted 2 years earlier. The patient 
reported no other symptoms and had no history of otologic 
disease, acoustic trauma, exposure to loud noise, or oto-
toxic medication use. A blood test performed 1 week after 
the ENT consultation showed a mild elevation of cobalt 
(7.1 µg/L) and chromium (3.8 µg/L) serum levels. During ENT 
follow-up, attended every 3 months for 2 years, the patient 
described persistent but well-tolerated symptoms and 
normal performance of the prosthesis. Furthermore, she 
developed no other symptoms attributable to metal release. 
Audiometry was normal throughout the initial assessment 
and follow-up.

Ethical committee approval was received from the Ethics 
Committee of Hospital Clinic of Barcelona (HCB/2024/0216). 

Written informed consent was obtained from the patients who 
agreed to take part in the study. 

Discussion

Cobalt poisoning historically resulted from occupational and 
environmental exposure, especially in the metallurgical indus-
try, and reports have only recently started to describe toxicity 
from high levels of cobalt and chromium released from metal 
hip prostheses.20 Both cases in the current report had a cobalt-
containing hip prosthesis: the first developed generalized sys-
temic toxicity related to extremely elevated metal ion levels, 
and the second developed possible neuropathy that might 
have been caused by slightly elevated cobalt levels.

Systemic Toxicity: Cobalt Levels and Clinical 
Manifestations
MoM hip prostheses containing cobalt and chromium could 
release metal ions through friction and corrosion, causing local 
adverse tissue reactions and dissemination into the blood and 
lymphatics.2,11 However, the causal and dose-response rela-
tionships between these metals released from hip implants 
and subsequent neurologic deficits are still uncertain, being 
based on only a few animal studies, human case reports, 
and small case series. In an experimental study with rabbits, 
Apostoli et al showed that high chromium levels did not cause 
neuropathy, but that elevated cobalt levels did.21 Research has 
also shown that cobalt can induce a hypoxia-like effect in mul-
tiple metabolic pathways.6,8

Most reports of symptomatic patients in the literature have 
been associated with cobalt blood concentrations between 
122 and 885 µg/L.12-16,23,24 This is consistent with our first case.

The first patient (case 1) who received a cobalt-containing 
hip prosthesis developed a peak serum cobalt level of 767 
µg/L, which represents one of the highest levels reported 
to date. However, conflict exists over the dose-response 
relationship between cobalt exposure and systemic toxic-
ity.1,2,10,11,25,26 A determining factor in the onset of neurologi-
cal symptoms seems to be the presence of very elevated 
blood levels for a prolonged period.22 In animals, experi-
ments indicate that severity was associated with both the 
dosage and length of exposure.22,27 In humans, Leyssens 
et al10 described, “the dose-response relationship is compli-
cated by several patient-specific factors that may increase 
someone’s susceptibility to ototoxic side effects.”2,10,11,22 
For example, nutritional health and mitochondrial defects 
appear to be predisposing factors for ototoxicity induced by 
other drugs.10,28

Systemic Toxicity from MoM Hip Implants 
(“Arthroposthetic Cobaltism”)
The clinical syndrome of cobalt poisoning is multi-systemic, 
involving cardiac, cognitive, neuropathic (including otologi-
cal involvement), and endocrine (e.g., hypothyroidism) signs 
and symptoms.1,14,20-22,24,25 Our first case of severe intoxica-
tion suffered most of these complications, but also devel-
oped hyperglycemia and diabetes-like symptoms (e.g., polyuria 
and polydipsia) that have not previously been described. This 

Figure 3.  Audiometry after 6 months of treatment and the 
normalization of cobalt blood levels.

Figure 4.  Audiometry 6 years after treatment, showing mild 
neurosensorial hearing loss.
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hyperglycemia was treated with metformin and resolved after 
cobalt treatment, needing no further antidiabetic treatment.

Audiological Complications
Both of our patients reported tinnitus as one of the first symp-
toms. However, we cannot definitively associate it with cobalt 
toxicity in the second case because no other symptoms devel-
oped during follow-up with no active treatment.

Previous findings in cases of drug-induced ototoxicity, together 
with recent findings in animal experiments, have identified the 
basal cochlear outer hair cells as the primary target of cobalt 
toxicity.21,22,27 Consequently, patients with cobalt-containing 
hip prostheses and systemic cobalt toxicity may have, even 
in early stages, signs of damage to auditory function. This will 
predominantly affect hearing loss in the high frequencies, and 
may present as tinnitus, dizziness, and imbalance, in 26%-
52% of cases.2,10,20,25

Swiatkowska et  al reported that patients with MoM hip 
implants and increased blood cobalt levels (≥20 µg/L) have 
more balance disturbances and hearing problems than patients 
with ceramic-on-ceramic hip implants.29 Elsewhere, Leyssens 
et  al found statistically significant differences on audiomet-
ric testing and otoacoustic emissions between patients with 
and without hip implants, but considered the clinical relevance 
negligible.2

Compared with other prostheses that fail, patients who 
receive cobalt-containing prostheses after failed ceramic 
hips show considerably higher blood cobalt concentrations, 
more severe hearing loss, and other serious systemic disor-
ders.20 Although all patients with high blood cobalt concen-
trations in these reports12-16,23 developed hearing loss, the 
authors did not explain if tinnitus preceded this loss, as in our 
cases. In a review of 26 patients with MoM implants, Leikin 
et  al described tinnitus in 10 patients and hearing loss in 4 
patients, but they failed to show differences compared to 
a control group. They highlighted the great number of con-
founding variables in these adults, such as smoking, hyperten-
sion, loud noise exposure, and generalized anxiety disorder.30 
Therefore, in their history taking and diagnostic work-up, the 
ENT specialist should exclude all other potential causes of 
inner ear involvement.

Diagnosis
The diagnosis of cobalt toxicity should be suspected in patients 
with an MoM hip prosthesis who present with neurological 
damage, hypothyroidism, and/or cardiomyopathy, especially 
if they report a history of replacement for a broken ceramic 
prosthesis.20

Diagnostic confirmation is made by determining blood cobalt 
and chromium levels and by radiological examination of the pros-
thesis.8 Our first case showed very high blood cobalt levels and 
extensive periprosthetic opacification on a simple hip radiograph.

Treatment
Treatment should include the use of metal chelators, such as 
EDTA, NAC, DMSA, and DMPS, to accelerate the elimination 
through the urinary tract.26 It is also important to eliminate 
the source of poisoning, which in our case could be achieved 

by removing the prosthesis and performing extensive debride-
ment. In a review of 10 patients with previous failed ceramic hips, 
Bradberry et al reported that 7 had marked metallosis at the time 
of metal-containing joint revision, consistent with accelerated 
metal component wear due to abrasion from ceramic debris.20

Clinical Evolution
Our first patient showed progressive symptom improvement 
and decreasing cobalt levels during treatment until most symp-
toms resolved. However, the prognosis is typically uncertain, 
with most cases showing very little improvement. Reversible 
hearing loss associated with historic cobalt chloride therapy is 
well described,31 supporting the association with cobalt poi-
soning.2,20 Audiometric confirmations of hearing improvement 
after revision surgery have also been reported.12,15,20

Follow-up
Based on our experience of cobalt poisoning and the cases 
of toxicity described in the literature, our institution peri-
odically screens all patients with MoM hip replacements for 
symptoms of cobalt toxicity, including otological symptoms. 
If present, patients are referred to the ENT department 
for hearing with audiometry assessment, with monitoring 
repeated every 3 months for up to 2 years in the absence 
of deteriorating otologic symptoms. However, Leyssens et al 
have shown that the risk of cobalt-induced ototoxic impair-
ment is clinically negligible for most patients after MoM hip 
implants and recommend auditory and vestibular tests in 
selected cases only.2

Orthopedic surgeons and otorhinolaryngologists should be vig-
ilant for audiological toxicity due to cobalt in patients with total 
hip MoM prostheses, including those who receive a cobalt-
chromium implant to manage a broken CoC hip prosthesis.
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