
METALS AND SKIN: HYPERSENSITIVITY DERMATITIS FROM IMPLANTS AND 
TATTOOS

Original Research Paper

Edith Rangel 
Molina

MD. Residente de Medicina Interna del Hospital General “Dr. Miguel Silva”

Metal-induced hypersensitivity reactions represent an increasingly prevalent clinical concern, 
particularly among patients with medical implants or decorative tattoos. This review examines the 

pathophysiology, clinical presentations, and evidence-based management of these complex dermatological conditions. Key 
diagnostic tools include patch testing and advanced imaging, while treatment strategies range from topical therapies to 
surgical revision in refractory cases. The article highlights the critical need for multidisciplinary collaboration between 
dermatologists, allergists, and surgeons to optimize patient outcomes. Current challenges in diagnosis standardization and 
prevention are discussed, along with emerging research directions focusing on safer biomaterial alternatives.
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Medicine 

INTRODUCTION
Metals present in medical devices and tattoo inks represent a 
growing cause of delayed-type hypersensitivity reactions in 
dermatological practice (1). The increasing prevalence of 
metal-containing implants—from orthopedic prosthetics to 
dental materials—along with the popularity of decorative 
tattoos has led to more frequent cases of metal-induced 
dermatitis. These hypersensitivity reactions occur when metal 
ions act as haptens, binding to skin proteins and triggering a 
T-cell mediated immune response (2). Clinically, this 
manifests as chronic eczematous eruptions, localized to metal 
contact sites or sometimes presenting as systemic reactions.

The diagnosis and management of these conditions pose 
unique challenges, as reactions may appear months or years 
after initial exposure (1). Nickel remains the most common 
culprit, but cobalt, chromium, and mercury in tattoo pigments 
also frequently cause adverse cutaneous responses (2). This 
review examines the immunologic mechanisms, risk factors, 
and current strategies for prevention and treatment of metal-
induced dermatitis in the context of both medical implants 
and decorative tattoos.

Methods
A systematic literature search was conducted across four 
databases (PubMed, Scopus, Web of Science, and Embase) 
using the keywords "metal hypersensitivity," "dermatitis," 
"tattoo reactions," and "medical implants" combined with 
Boolean operators. Articles were screened by title and 
abstract for relevance to metal-induced cutaneous reactions, 
with inclusion criteria focusing on clinical presentation, 
diagnostic methods, and management strategies. After 
removing duplicates and non-relevant studies, 15 high-
quality references published between 2000-2023 were 
selected for this narrative review, prioritizing meta-analyses, 
clinical trials, and consensus guidelines.

Pathophysiology of Metal Hypersensitivity
Metal-induced hypersensitivity reactions represent a 
signicant clinical challenge, primarily mediated through 
delayed-type (Type IV) immune responses. Nickel remains the 
most prevalent sensitizer, accounting for nearly 20% of all 
contact dermatitis cases in industrialized nations (3). 
However,  o ther  meta ls  inc luding chromium and 
cobalt—frequently used in orthopedic implants—along with 
mercury and gold in dental applications, demonstrate similar 
allergenic potential (4). The emergence of tattoo-related 
hypersensitivity has further complicated this landscape, with 
pigments containing iron oxide, cadmium, and chromium 
triggering persistent cutaneous reactions.

Figure. PRISMA.

The immunologic mechanism involves metal ions acting as 
haptens that bind to cutaneous proteins, forming complete 
antigens recognized by Langerhans cells (5). These activated 
antigen-presenting cells migrate to regional lymph nodes, 
priming naïve T-cells and establishing immunologic memory. 
Upon re-exposure, memory T-cells inltrate the skin, releasing 
pro-inammatory cytokines (particularly IL-17 and IFN-�) that 
drive the characteristic eczematous response (3). In tattoos, 
the pathophysiology differs slightly—insoluble metal 
particles persist indenitely in the dermis, potentially leading 
to chronic granulomatous inammation years after initial 
exposure (4).

Notably, the clinical presentation varies by exposure route:
Ÿ Implant-related reactions often manifest as localized 

dermatitis or periprosthetic inammation
Ÿ Tattoo reactions typically show papulonodular or plaque-

like formations within pigmented areas
Ÿ Systemic reactions may occur with signicant metal ion 

release (5)

This complex immunopathology underscores the importance 
of considering metal hypersensitivity in patients with 
persistent dermatitis, particularly those with implants or 
decorative tattoos.
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Clinical Presentations of Metal Hypersensitivity Reactions
The spectrum of clinical manifestations associated with metal 
hypersensitivity varies signicantly depending on the 
exposure route and individual immune response. In implant-
associated cases, patients typically develop eczematous 
eruptions localized to the skin overlying medical devices, 
though generalized dermatitis occurs in approximately 15-
20% of sensitized individuals (6). Orthopedic patients may 
present with chronic peri-implant pain and swelling that 
mimics infection or mechanical loosening, often leading to 
diagnostic delays averaging 12-18 months (7). Less 
commonly, lichenoid or psoriasiform eruptions appear, 
particularly with gold-containing dental restorations, which 
can persist for years after metal exposure (8).

Tattoo-related metal reactions demonstrate even greater 
clinical diversity. Acute allergic contact dermatitis develops 
within days to weeks after tattooing, featuring erythema, 
intense pruritus, and vesiculation predominantly in red- or 
yellow-pigmented areas (9). These pigments frequently 
contain mercury (cinnabar) or cadmium, respectively, which 
behave as potent allergens. More insidious are delayed 
granulomatous reactions, appearing as rm, erythematous 
nodules along tattoo lines months or years later—a pattern 
particularly associated with chromium-containing green 
pigments (6). Pseudolymphomatous reactions present as 
violaceous plaques that histologically mimic cutaneous 
lymphomas, requiring biopsy for accurate diagnosis (7).

Photoaggravated reactions represent a distinct subtype, 
where tattoo pigments (especially yellow cadmium sulde) 
undergo photochemical changes under UV exposure, 
triggering eczematous or lichenoid eruptions exclusively in 
sun-exposed areas (8). This phenomenon accounts for 
approximately 20% of tattoo complications and may rst 
manifest years after initial tattooing (9).

Key Diagnostic Challenges Include:
1. Differentiating metal hypersensitivity from infection in 

implant patients (both may show swelling, warmth, pain)
2. Recognizing that tattoo reactions can remain subclinical 

until triggered by sun exposure or immune activation
3. Appreciating that systemic metal exposure (e.g., from 

dietary sources or joint prostheses) may exacerbate pre-
existing dermatitis

The variability in latency periods—from immediate reactions 
to those developing decades after exposure—necessitates 
thorough patient history including remote implant placements 
and old tattoos (6)(8). Dermatologists should maintain high 
suspicion for metal hypersensitivity when evaluating:
Ÿ Chronic dermatitis unresponsive to conventional therapy
Ÿ Recur ren t  " in fec t ions "  near  implan ts  w i thou t 

microbiological conrmation
Ÿ Inammatory skin changes strictly localized to tattoo 

pigments (7)(9).

Diagnostic Approach to Metal Hypersensitivity
The evaluation of suspected metal hypersensitivity requires a 
multifaceted diagnostic strategy. Patch testing remains the 
gold standard, with the TRUE Test (Thin-layer Rapid Use 
Epicutaneous) detecting approximately 80% of relevant metal 
allergies when supplemented with extended metal panels 
(10). Nickel consistently emerges as the most frequent positive 
allergen, affecting nearly 20% of the general population, 
followed by cobalt (7-8%) and chromium (2-3%) (11). For 
tattoo-related cases, testing should include specic pigment 
components, as standard panels may miss relevant 
sensitizers like cadmium or mercury sulde (12).

Advanced imaging techniques play complementary roles in 
diagnosis. Dermoscopy of tattoo reactions typically reveals 
granulomatous patterns with scaling and structureless 

pigmentation, while histopathology demonstrates 
characteristic ndings: spongiotic dermatitis in acute 
reactions, or dermal metal particle deposits surrounded by 
lymphocytes in chronic cases (10). For implant-associated 
reactions, radiographs and MRI help exclude infection or 
mechanical failure—critical distinctions that dramatically 
alter management (11). Emerging diagnostic tools like 
lymphocyte transformation tests (LTT) show promise for 
implant allergy conrmation, though their clinical utility 
remains investigational due to variable sensitivity (60-80% for 
nickel) (12).

Key Diagnostic Considerations Include:
1. Timing patch testing 4-6 weeks after immunosuppressant 

discontinuation
2. Testing both with and without sodium lauryl sulfate 

irritation to detect weak sensitizers
3. Correlating test results with exposure history, as false 

positives occur with ubiquitous metals like nickel

This comprehensive approach enables differentiation 
between:
Ÿ True metal hypersensitivity (positive tests with clinical 

correlation)
Ÿ Irritant reactions (negative tests with irritant exposure 

history)
Ÿ Comorbid conditions (e.g., infection or autoimmune 

reactions) (10)(11)(12).

Management Strategies for Metal Hypersensitivity Reactions
The treatment of metal-induced hypersensitivity requires a 
tailored approach based on exposure source and reaction 
severity. For general contact dermatitis, strict allergen 
avoidance remains fundamental—patients should use nickel-
free jewelry, replace metal clothing fasteners with plastic 
alternatives, and apply protective coatings to metallic 
surfaces (13). Acute dermatitis responds well to high-potency 
topical corticosteroids (class III-IV) for 2-3 weeks, while 
chronic lesions often require topical calcineurin inhibitors like 
tacrolimus 0.1% ointment to avoid steroid-induced atrophy 
(14). Oral antihistamines (e.g., cetirizine 10mg daily) help 
control pruritus, though their efcacy is limited in pure T-cell 
mediated reactions (15).

Implant-related hypersensitivity poses unique therapeutic 
challenges. Conservative management with topical steroids 
and antihistamines sufces for mild cutaneous reactions, but 
persistent periprosthetic inammation may necessitate 
implant revision (13). Current guidelines recommend titanium 
or ceramic prostheses for metal-sensitive patients, as these 
materials demonstrate the lowest allergenic potential (14). 
Diagnostic certainty is crucial before revision surgery, as 
unnecessary procedures carry substantial risks—lymphocyte 
transformation tests (LTT) can provide supporting evidence 
when patch tests are inconclusive (15).

Tattoo reactions demand specialized interventions:
Ÿ Q-switched lasers (Nd:YAG or ruby) effectively remove 

allergenic pigments but may trigger systemic reactions 
during treatment

Ÿ Intralesional triamcinolone (5-10mg/mL) monthly 
improves granulomatous nodules in 60-70% of cases

Ÿ Surgical excision remains an option for small, 
symptomatic areas (13)

Preventive strategies are equally important:
1. Pre-implant patch testing for high-risk patients (those with 

prior metal reactions or multiple orthopedic devices)
2. Tattoo artist education about mercury/cadmium-free 

pigments
3. Sun protection to prevent photoaggravated reactions in 

tattoos (14)(15)

CONCLUSION
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Metal-induced hypersensitivity reactions represent a growing 
clinical challenge in our increasingly device-dependent and 
tattooed population. These complex dermatological 
conditions require a multidisciplinary approach, combining 
dermatologic expertise for accurate diagnosis through patch 
testing, allergologic insight for immune evaluation, and 
surgical collaboration for implant-related cases. The rising 
prevalence of these reactions underscores the need for better 
preventive strategies, including improved implant materials 
and regulated tattoo ink compositions. Future research 
priorities should focus on standardizing diagnostic protocols 
(particularly for implant allergy) and developing novel 
hypoallergenic biomaterials to reduce sensitization risk.
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