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Systemic contact dermatitis due to corrosion
of titanium-coated nickel and cobalt bone
plate fixation
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Abstract N
Rationale: Corrosion refers to the degradation of a material that occurs following its interaction with other substances in the |
environment. Corrosion of metallic substances into tissues may lead to inflammatory responses such as systemic contact dermatitis
(SCD), a skin condition where an individual who has previously been sensitized to a particular allergen via the cutaneous route will
subsequently react to same allergen via the systemic route. This condition occurs following exposure to allergens such as metals,
medications, and certain food substances. In recent years, the use of metal plates for internal fixation has become increasingly
common in bone fracture repairs.

Patient concerns: A 34-year-old Indonesian male presented with systemic erythema with itching 7 days following a bone plate
fixation as a management for mandibular fracture.

Diagnoses: Physical examination showed pruritic red macules, papules, and scales on almost his entire body, along with facial
swelling. The patch test results revealed a positive reaction to nickel and cobalt. Therefore, the patient was diagnosed with SCD.

Interventions: The patient was treated with topical and systemic corticosteroids as well as bone plate removal.
Outcome: After treatment, the eruption turned brown, the itching was resolved, and there were no facial swelling as well.
Lessons: This case report highlights the need to consider the occurrence of SCD in patients following bone plate fixation.
Abbreviation: SCD = systemic contact dermatitis.

Keywords: cobalt, metal corrosion, nickel, patch test, systemic contact dermatitis

1. Introduction cross-reacting allergen."™ Systemic route of administration
includes uptake of an allergen via cutaneous, transmucosal, oral,
intravenous, intramuscular, and inhalational routes, as well as
implants. These allergens include drugs, food substances, and
metals such as nickel and cobalt."! Metal allergy in patients
following bone plate fixation generally presents as delayed-type
hypersensitivity eczema.'¥! This condition can manifest in several
different ways, including flares at previous patch test sites,
symmetrical intertriginous and flexural exanthema, exfoliative
erythroderma, and widespread dermatitis.'>* Bone plate fixation
Editor- Esaki M. Shankar is generally used to accelerate fracture healing.”! This report will
discuss a case of SCD occurring due to corrosion of titanium-
coated nickel and cobalt bone plate.

Corrosion can be defined as the degradation of a material due to
reaction with its environment. Corrosion includes the process of
destruction and dissolution in saliva. Metal corrosion leads to the
release of metallic ions into the surrounding tissues,!'! causing
inflammatory responses such as systemic contact dermatitis
(SCD), a skin disease occurring in previously sensitized
individuals following systemic re-exposure of the same or
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Figure 1. Bone plate fixation over the left mandible.

on almost his entire body. Facial swelling was also observed,
particularly around the mandibular region (Fig. 2). After 8 weeks,
the patch test was performed and a positive reaction to nickel and
cobalt was found, along with a negative reaction to titanium on
readings at days 2, 3, and 4 (Fig. 3). The patient was then treated
with twice daily topical 0.25% desoximetasone cream and
systemic corticosteroid (dexamethasone 1 mg/kg/day) for a week,
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along with removal of the bone plate fixation. Following
treatment, the lesions turned brown and resolved completely 1
week later. Ethics approval was not required for this paper as it is
a case report. Patient content was obtained to the writing of this
report.

3. Discussion

Allergic contact dermatitis (ACD) is usually triggered by the
external exposure of an allergen to the skin. However, a
systemically administered allergen may occasionally affect the
skin through the circulatory system, leading to SCD,*! which is
defined as the occurrence of dermatitis following a noncutaneous
exposure to an allergen in a person who has previously been
cutaneously sensitized.'®! This condition occurs following
exposure to allergens such as metals, medications, and food
substances.'! Nickel is the most common contact allergen, and
the presence of certain factors such as piercing, occupational
exposure, or history of atopic dermatitis can contribute to the
development of the disease. Furthermore, a younger age is also
associated with the development of nickel contact allergy.!!
The clinical manifestations of SCD can be highly variable, and
although the symptoms are believed to appear exclusively on the

Figure 2. Multiple erythematous macules and papules, as well as facial swelling.
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Figure 3. Patch test result after 96 hours, indicating the presence of erythematous papules following exposure to cobalt (left sided) and nickel (right sided).

skin, general symptoms are also occasionally observed. Clinical
manifestations of this condition may include dermatitis in areas
of previous exposure (flare up of previous dermatitis and positive
patch test sites), dermatitis on previously unaffected skin
(vesicular hand eczema, flexural dermatitis, baboon syndrome,
maculopapular rash, and vasculitis-like lesions), as well as
general symptoms (headache, malaise, arthralgia, diarrhea,
vomiting, and fever).”>*! Baboon syndrome has been used to
refer to SCD manifesting as well-demarcated eruptions on the
buttocks, in the genital area, or as a V-shaped lesion on the inner
thighs with colors ranging from dark violet to pink. Vesicular
hand eczema (pompholyx or dyshidrotic eczema) manifests as
pruritic eruptions on the palms, volar regions, sides of the fingers
of the hand, and occasionally the plantar aspects of the feet, in the
form of deep-seated vesicles with sparse or no erythema.
Recurrent vesicular hand eczema, as well as erythema or a flare
of dermatitis in the elbow and/or knee flexures are also commonly
observed in SCD. Moreover, nonspecific maculopapular rashes
may also often be a part of an SCD reaction.[>°!

The pathogenesis of SCD has been well described as an immune-
mediated, delayed-type hypersensitivity (type IV) reaction involv-
ing sensitization and elicitation phases.?! The induction
(sensitization) phase refers to events following the first contact
with an allergen. Following penetration, allergen is then diffusely
distributed into the skin and reacts with antigen-presenting cells
that present the bound antigen to T lymphocytes. This results in the
production of effector and memory T-cell populations, which are
released into the blood flow.””#1 Once these cells are sensitized, they
return to the skin, ready to act on target cells when the individual is
exposed to the allergen either by oral or systemic routes, leading to
cutaneous manifestations.”””! Common routes of exposure
include oral, intramuscular, intravenous, inhalation, and subcuta-
neous. While SCD has been described as a type IV delayed-type
hypersensitivity, SCD may also involve a type IIl immune response,
as antigen—antibody complexes have been found in the skin and the
blood in such reactions.®!

Novak et al'*®! showed a strong association between filaggrin
mutations and atopic dermatitis (AD) as well as contact

sensitization to nickel.['”! Similarly, another study also reported
a positive association between nickel sensitization and AD.!!
The epidermal barrier impairments in AD is expected to facilitate
the penetration of haptens, thereby enhancing contact sensitiza-
tion.[®! It is necessary to be aware of the systemic reactions that
occur with SCD, which can be chronic and lead to severe
symptoms that are often mistaken for AD.™!

A patch test is the primary tool to determine allergens causing
delayed-type hypersensitivity or type IV reactions,® and is the
gold standard diagnostic tool for the detection of metal
hypersensitivity.*! The recommended sites are the upper back
and outer region of the upper arm. The test is performed by
applying test allergen strips onto the skin under occlusion for 2
days, following which an evaluation is conducted at days 3, 4,
and 7."%12 In this case, the patch test was performed with 5%
nickel sulfate, 1% cobalt chloride, and the bone plate used for the
patient’s mandibular fixation (as is). The diagnosis of SCD is also
supported if a patient shows improvements following avoidance
of exposure to the proven allergen by either oral or other
routes.®)

The 5 base metal alloy systems used in dental bone plate
fixation are stainless steels, nickel-chrome, cobalt—chromium,
titanium, and nickel-titanium alloys.!'3! Metals that have been
previously reported to cause SCD include nickel, mercury, gold,
cobalt, copper, chromium, and zinc.'"* These metals are haptens
that require bonding to protein molecules to form antigenic
complexes to allow recognition by dendritic cells, which leads to
the occurrence of sensitization.'

Nickel exposure may occur following contact with coins,
jewelry, tools, clothing, utensils, nickel-plated objects (mobile
phones and laptops), and food substances. This metal is
manufactured into steel and a variety of alloys containing cobalt,
palladium, iron, titanium, gold, and magnesium."! Canned
foods, cocoa, chocolate, soy, legumes, herring, salmon, shellfish,
cashews, and mackerel are several examples of food substances
with a high nickel content.!"*! Metal surgical devices and
implants are the major causes for iatrogenic SCD to nickel.®!
Sensitization to nickel is also likely to occur with ear and body
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piercings. In recent years, different types of consumer products
have also accounted for nickel allergy, including spectacle frames,
necklaces, metal clothing elements, wrist watches, jeans buttons
among many others."* Cobalt is generally used in making
jewelries, prosthetics, and various everyday objects.'**! Con-
comitant nickel and cobalt allergy has previously been reported
and has proven to occur on the basis of cosensitization.!
Research shows that nickel and cobalt are metal alloys most
commonly used in bone plate fixation.!"3 In the current case, the
composition of the mandibular device was titanium, various
grades of stainless steel (carbon, cuprum, manganese, cobalt,
iron, nickel, and chromium), and anodized aluminum.

The process of destruction and dissolution following
exposure to saliva, along with erosion caused by food, chewing,
and bacterial activity, can lead to corrosion of metallic
substances in the oral environment.!'3! When hypersensitive
elements such as nickel are involved in the leaching process, the
increased release of metallic ion into surrounding tissues may
possibly result in inflammatory tissue responses."'>*'*! Bhola
et al'® stated that the leached ions may induce potentially
osteolytic cytokines into tissues, leading to implant loosening
and causing severe allergic reactions or hypersensitivity. On the
other hand, titanium has a high resistance to corrosion in a
physiological environment and has a low prevalence (0.6%) of
allergy.""”>'81 In this particular case, corrosion of the titanium
plate coating is suspected, which may have exposed the nickel
and cobalt into the surrounding tissues.

Pigatto et al”®! reported 1 case of SCD following oral surgical
implantation of titanium on the maxillary bone. Similarly,
Darlenski et al®! also reported 2 cases of SCD following
implantation of a metal stabilizing device for foot bone and
metacarpal bone fractures.®! This case report contributes to the
body of knowledge by demonstrating the appearance of SCD
symptoms following corrosion of plate coating and exposure of
its constituent metals to the oral environment.

The mainstay treatment of SCD is avoidance of exposure or
contact with the allergen.!'™3! Topical steroids with different
potencies can be applied, depending on the severity of the skin
inflammation. In severe cases, systemic corticosteroids or
immunosuppressants may also be necessary.®! An option for
symptomatic patients with positive patch test results following
implantation or bone plate fixation is removal of the bone plate
and replacement with a nonallergenic alloy.!"!

4. Conclusion

Although uncommon in general dermatological practice, SCD
following bone plate fixation should be suspected and recognized
by clinicians. The use of such devices should be avoided and more
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suitable alternatives are preferred whenever possible. Therefore,
evaluation of patients with metal allergies is crucial before and
after certain medical procedures.
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