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Abstract

Metal hypersensitivity in patients with a total knee arthroplasty (TKA) is a controversial topic. 

The diagnosis is difficult, given the lack of robust clinical validation of the utility of cutaneous and 

in vitro testing. Metal hypersensitivity after TKA is quite rare and should be considered after 

eliminating other causes of pain and swelling, such as low-grade infection, instability, component 

loosening or malrotation, referred pain, and chronic regional pain syndrome. Anecdotal 

observations suggest that two clinical presentations of metal hypersensitivity may occur after 

TKA: dermatitis or a persistent painful synovitis of the knee. Patients may or may not have a 

history of intolerance to metal jewelry. Laboratory studies, including erythrocyte sedimentation 

rate, C-reactive protein level, and knee joint aspiration, are usually negative. Cutaneous and in 

vitro testing have been reported to be positive, but the sensitivity and specificity of such testing 

has not been defined. Anecdotal reports suggest that, if metal hypersensitivity is suspected and 

nonsurgical measures have failed, then revision to components fabricated of titanium alloy or 

zirconium coating can be successful in relieving symptoms. Revision should be considered as a 

last resort, however, and patients should be informed that no evidence-based medicine is available 

to guide the management of these conditions, particularly for decisions regarding revision. Given 

the limitations of current testing methods, the widespread screening of patients for metal allergies 

before TKA is not warranted.
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Orthopaedic surgeons have been implanting metallic hip and knee arthroplasty components 

for >40 years. Total knee arthroplasty (TKA) components—usually a femoral component of 
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cobalt-chrome alloy that articulates with an ultra-high–molecular-weight polyethylene tibial 

component, with or without metal backing and a polyethylene patella component—have 

generally provided notable pain relief and improvement in function for a variety of patients 

with arthritic conditions. The complications of infection, instability, malalignment, and 

loosening cause recurrent pain, swelling, and disability after TKA and require revision.1 

Almost 20% of patients with a well-fixed, properly aligned knee implant are “dissatisfied” 

with the procedure for a variety of reasons.2 In addition, some patients have pain and 

stiffness after TKA for which no readily available explanation exists.3 Although the idea of 

metal hypersensitivity as a cause of a painful knee implant was first introduced almost 18 

years ago, it has been considered an insignificant cause of the failure of modern TKA.4

Basic Science and Metal Sensitivity

All metals that come into contact with biologic systems undergo some degree of corrosion, 

and metal ions released from TKA components intra-articularly may form complexes with 

native proteins. These metal-protein complexes may act as antigens or allergens and cause 

an immunologic response in the body or synovial joint. The most common metal sensitizer 

in humans is nickel, followed by cobalt and chromium.4,5 Polyethylene and polymethyl 

methacrylate particles are relatively large and do not elicit the same response as metal 

ions.4,5

The prevalence of metal sensitivity in the general population is approximately 10% to 15%. 

Nickel sensitivity has the highest prevalence, approximately 14%, and cross-reactivity 

between nickel and cobalt is most common.5 However, the prevalence of metal sensitivity in 

patients with well-functioning implants, mostly of the hip, is approximately 25%.5 In a 

review of studies of patients with a failed, loose, or poorly functioning implant, the average 

prevalence of metal sensitivity was 60% (range, 13% to 71%).5 It is not known whether this 

phenomenon is a cause or an effect.

The pathophysiology of metal hypersensitivity to orthopaedic implants has been described 

previously in great detail.5 This implant-related hypersensitivity is generally a type IV 

allergic reaction, a delayed cell-mediated response, with activation of specific T 

lymphocytes. These and other lymphocyte populations release a variety of cytokines that 

perpetuate the inflammatory response and trigger the participation of activated 

macrophages.5 This response can produce substantial tissue inflammation and eventual 

periprosthetic tissue damage. Although it is known that Langerhans cells in the dermis are 

associated with skin hypersensitivity reactions, the particular cells in the periprosthetic knee 

joint responsible for the presentation of the metal-protein antigen are not known but could 

be endothelial cells, macrophages, or other synovial tissue cells.5

No generally accepted and reliable test is available for the clinical diagnosis of metal 

hypersensitivity to the components used in total hip arthroplasty or TKA.5 Dermatologists 

routinely have used a panel of cutaneous patch testing to different metal-salt complexes to 

determine hypersensitivity to a particular metal (Figure 1). An erythematous reaction to the 

allergen can be rated only qualitatively. However, controversy exists over the validity of 

patch testing to determine deep-tissue or joint hypersensitivity to metals.5 In a retrospective, 
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case-controlled study of the sensitivity to metals in TKA components, Granchi et al6 

reported on 94 patients who underwent dermal (back) patch testing to 11 metals and haptens 

for bone cements. In 20 patients who had no knee implant but who were candidates for 

TKA, 15% had positive patch testing to at least one metal hapten. Positive patch testing was 

significantly greater in a group of 27 patients with a stable knee arthroplasty (44%; P = 0.05) 

and in a group of 47 patients with a loose knee arthroplasty (57%; P = 0.001). No predictive 

value of the patch testing was seen in determining the fixation status of the TKA.6 The 

medical history for metal allergy identified by previous skin testing or a questionnaire was 

found to be a risk factor for the loosening of a TKA because failure was four times more 

likely in patients with prior symptoms of metal hypersensitivity.6

Another test for metal hypersensitivity is the in vitro lymphocyte transformation test, in 

which peripheral blood lymphocytes from the patient are challenged with a variety of metal 

salts and the uptake of a radioactive nucleotide is quantified after 6 days.5 The final test is 

the in vitro leukocyte migration inhibition test, which quantifies the migration of cells in the 

presence of a sensitizing metal antigen by one of four methods.4,5 Few data show the utility 

of these in vitro tests for TKA patients, however. In a prospective study of 92 patients 

undergoing TKA in Japan, a modified lymphocyte stimulation test (mLST) was performed 

preoperatively, and 24 patients (26%) had a positive mLST response to at least one tested 

metal.7 The most frequent sensitizer was nickel, followed by chromium, cobalt, and iron.7 

The clinical significance of these findings is unknown. At the present time, no evidence 

supports the routine or widespread preoperative patch or in vitro lymphocyte testing of 

patients for metal hypersensitivity before primary TKA.

Clinical Syndromes Purportedly Related to Metal Hypersensitivity After 

Total Knee Arthroplasty

The association of metal orthopaedic implants with an eczematous dermatitis has been 

known for almost 40 years, with numerous case reports of reactions to stainless steel screws 

and cobalt-chromium alloy implants.4,5 Several reports of persistent localized or systemic 

skin reactions after TKA have appeared in the dermatology literature.8–10 In the largest 

series, Verma et al8 observed 30 patients over 3 years who had an erythematous, papular, 

scaly, and sometimes exudative eczema around the knee area after TKA. Of these patients, 

13 women and 2 men were available for complete evaluation and patch testing. They had a 

mean age of 65 years, with dermatitis commencing 1 to 3 months after TKA. All implants 

were fabricated of a cobalt-chromium alloy femoral component and a titanium alloy tibial 

component. In all cases, the dermatitis was localized to the outer aspect of the knee lateral to 

the anterior midline incision.8 Patch testing showed that only seven patients had a 1+ or 2+ 

reaction to a metal: four to nickel, two to chromium, and one to cobalt. Both men had 

negative patch tests to all tested substances. All patients were treated with topical steroids, 

and the eruption cleared within 2 weeks.8

A prospective study of 92 patients who underwent TKA included 5 patients with eczema. Of 

the five patients, three had a localized eczema that developed in the skin over the knee, and 

two had a form that began in the skin over the knee and then extended over the entire body.7 

Using a mLST, a significant association was seen between chromium sensitivity and the 
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development of eczema. One patient had spontaneous resolution of the eczema, and the 

other four had the condition for >1 year postoperatively. Two of these patients underwent 

revision, one with cobalt-chrome beaded, noncemented components to ceramic revision 

knee components, and the other with a cobalt-chrome cemented unicondylar knee to 

titanium knee components. Both patients had resolution of the dermatitis within 2 months 

after revision.7 No good explanation was offered for the high prevalence of dermatitis after 

primary TKA in this series.

Patients in whom a persistent dermatitis develops, without concurrent knee synovitis or 

component loosening, should be referred to a dermatologist for treatment with topical or 

systemic steroids, although little evidence-based medicine supports this recommendation. 

Revision of the components for severe dermatitis has been reported infrequently.7,11 The 

senior author (P.F.L.) has seen four TKA patients with a mild erythematous pruritic rash in 

the lateral parapatellar region and recommended topical steroids.

Severe Persistent Synovitis After Cobalt-chromium Total Knee Arthroplasty

Persistent painful synovitis and effusion after TKA typically is related to chronic infection, 

instability, loosening, polyethylene wear, or recurrent hemarthrosis. Crystalline arthropathy 

also can cause painful synovitis and effusions after TKA. Over the past several years, 

multiple reports have appeared of severe painful persistent synovitis in patients with cobalt-

chromium TKA components12–16(Tables 1 and 2). These patients are more likely to be 

women than men, with the onset of symptoms extending from 2 months to 2 years after 

primary TKA. The presenting symptoms are persistent pain, swelling, and, usually, stiffness. 

On physical examination, these patients may or may not have lateral knee dermatitis, but all 

have an effusion, synovitis, and some limitation of range of motion. Radiography is 

typically unremarkable. Obviously, this clinical picture is indistinguishable from that of 

chronic or indolent infection of the TKA.12

The minimum workup should include laboratory studies, including C-reactive protein level 

and erythrocyte sedimentation rate, as well as a knee joint aspiration for white blood cell 

count, differential, and aerobic/anaerobic culture. These tests are usually negative for 

infection. The senior authors (P.F.L., J.J.J.) recommend a second knee aspiration for culture 

before excluding infection. Bacterial cultures should be kept for approximately 3 weeks to 

identify potentially slow-growing organisms. The authors do not routinely submit the knee 

fluid for acid-fast bacilli and fungal cultures unless a high clinical suspicion exists for these 

microorganisms. Serum metal levels of cobalt, chromium, and titanium typically are 

elevated in patients with well-functioning unilateral or bilateral TKA;17 therefore, the 

authors do not recommend obtaining serum metal levels if metal hypersensitivity to the knee 

arthroplasty is suspected. Patch testing and in vitro lymphocyte testing have been performed 

in these patients, but as stated, no standard of care exists for the diagnosis of deep-tissue 

metal hypersensitivity associated with the presence of metallic orthopaedic implants. No 

proven nonsurgical treatment is available for metal hypersensitivity suspected to be the 

cause of painful, persistent synovitis and effusion of the TKA. Treatment of symptoms with 

NSAIDs and physical therapy modalities may be attempted, but to our knowledge, no report 

exists of the use of a systemic or intra-articular steroid for this condition.
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The diagnosis of metal hypersensitivity as a cause of painful persistent synovitis and 

effusion of a cobalt-chromium TKA is one of exclusion. A causal association between these 

symptoms and metal allergy still remains unproven. No evidence has shown that patients 

with a known metal allergy have a higher rate of failure or revision of primary TKA than do 

those without such a history. Thus, the decision to recommend and proceed with revision of 

a TKA for severe dermatitis or painful persistent synovitis should be performed with great 

caution and appropriately guarded patient counseling.

Periprosthetic membrane and synovial tissue surrounding cobalt-chromium implants at the 

time of revision for painful persistent synovitis will most often show chronic inflammation, 

with lymphocyte and plasma cell predominance (Figure 2). Most case reports or case series 

describe revision of these well-fixed cobalt-chromium alloy components to a femoral 

component fabricated of zirconium or titanium alloy with a nitride coating. If a cobalt-

chromium alloy tibial component is present, it likely also should be revised to one fabricated 

of titanium alloy. After revision with these components, patients in these reported cases 

generally have had resolution of the systemic or localized eczema and the painful persistent 

synovitis. However, reported follow-up times after these revisions are quite short.

Metal debris generated from stainless steel surgical instruments, particularly saw blades, 

may be an important source of bioavailable nickel. For example, in grade 316L stainless 

steel, the nickel content ranges from 10% to 14%. The presence of stainless steel debris in 

the periprosthetic tissues of patients with implants that are not fabricated from stainless steel 

has been documented.18 This finding confounds the management of patients who provide a 

history of nickel allergy or who have undergone cutaneous or in vitro testing that shows 

hypersensitivity to nickel or chromium.

Summary

Currently, insufficient evidence exists to recommend routine or widespread cutaneous or in 

vitro hypersensitivity testing before routine primary TKA. In addition, no evidence-based 

medicine is available to recommend any type of screening questionnaire related to metal 

hypersensitivity. Only anecdotal information exists to recommend a femoral component of 

zirconium or titanium alloy if a patient volunteers a medical history of severe dermatitis 

after contact with metal jewelry. This issue should be discussed preoperatively with the 

patient. Localized dermatitis of lateral knee skin after TKA typically is treated successfully 

with topical steroids. After exclusion of all other causes of failure, patients with severe 

systemic dermatitis or painful persistent synovitis may be offered revision to zirconium or 

titanium alloy components when nonsurgical methods have failed to improve symptoms. 

However, the evidence base to support revision surgery in this setting is limited to anecdotal 

reports or uncontrolled small case series. Such patients should be informed that the outcome 

of revision surgery for presumed metal allergy is unpredictable and should be considered 

only as a last resort.
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Figure 1. 
Clinical photograph demonstrating cutaneous patch testing on the upper back of a female 

patient who has persistent pain, synovitis, and stiffness after a total knee arthroplasty with an 

implant of a cobalt-chromium alloy. A mild allergic reaction to nickel, consisting of 

erythema and edema, is shown in the upper left box. (Courtesy of Audrey Echt, MD, 

Raleigh, NC.)
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Figure 2. 
High-power photomicrograph (hematoxylin-eosin, magnification ×125) demonstrating a 

membrane adjacent to a femoral component of a cobalt-chromium alloy in a patient with 

painful, persistent synovitis after total knee arthroplasty. Chronic inflammation is present, 

and the predominant cells are lymphocytes (yellow arrow) and plasma cells (blue arrows). 

No multinuclear giant cells and no polyethylene fragments are evident. The synovial 

biopsies showed the same pattern. (Courtesy of Maureen Bauer, MD, Durham, NC.)
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