Case report

EXTENSIVE DERMATITIS DUE TO
HYPERSENSITIVITY TO ORTHOPEDIC
SYNTHETIC MATERIALS: CASE REPORT

ABSTRACT

Aims: The present case report aims to describe a rare case of hypersensitivity to orthopedic
synthetic materials, an adverse event that developed following surgical intervention for the
correction of an open fracture of the radius and proximal ulha.

Presentation of Case:A 63-year-old woman sustained an open fracture of the right
olecranon, requiring multiple surgeries, including external fixation and osteosynthesis.
Postoperative complications included recurrent infections, cellulitis, acute renal failure, and
persistent chronic dermatitis. A Patch Test identified allergies to cobalt chloride, nickel
sulfate, and formaldehyde resin, potentially linked to the orthopedic implant. Imaging
revealed severe bone rarefaction, non-union of the ulna, and pseudoarthrosis. Despite
ongoing treatment and hardware removal, the patient’s fracture remained unresolved, with
persistent dermatitis and a low-output fistula five months post-injury.
Discussion:Hypersensitivity reactions to metal orthopedic implants, though rare, can cause
cutaneous and extracutaneous symptoms, including eczema, urticaria, and implant
complications. Diagnosis relies on patch testing, leukocyte migration inhibition test (LMIT),
and the lymphocyte transformation test (LTT). Treatment includes allergen removal, local
therapy for mild cases, or systemic corticosteroids for severe symptoms.
Conclusion:Stainless-steel prostheses are widely used in osteosynthesis to enhance
fracture healing and mobility, but their use is associated with hypersensitivity reactions to
metals like nickel, cobalt, and chromium. Despite protective coatings, biomechanical stress
can release metal ions, triggering immune responses and adverse clinical outcomes. This
case highlights hypersensitivity as a potential complication of prosthesis implantation,
emphasizing the need for better diagnostic strategies, preventive measures, and further
research, particularly given the higher prevalence of nickel hypersensitivity in female
patients.
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1. INTRODUCTION

Fractures of the radial head or neck account for 5% of elbow fractures inadults (Barakatet al,
2022). It is important to note that the incidence of fractures in general increases in women
aged 65 years or older due to the higher risk of osteoporosis (Rundgrenet al, 2020). To
prevent certain complications, surgical intervention on the traumatic elbow should be
performed within 24 hours after the initial injury. This procedure is necessary due to the
classification of the elbow as a complex joint and the narrow margin for error when dealing
with traumatic injuries to the proximal ulna and radius (Rafi & Tiwari, 2022).




In this context, external fixation using instruments made of stainless-steel alloy, composed of
chromium, nickel, cobalt, and molybdenum, represents the orthopedic synthetic material
commonly used in Brazil today, particularly as an emergency countermeasure. However, it is
not the best option for elderly patients as it relies on ligamentotaxis and cannot achieve
anatomic reduction of specific fragments (Meddaet al, 2021). Nonetheless, external fixation
is valuable for its rapid initiation of osteosynthesis (Chhabra&Yildirim, 2021).

In summary, the ideal treatment approach depends on individual characteristics, and the
choice of a fixation method must be thoroughly evaluated by the surgeon, taking patient-
related variations into account. In this regard, different forms of external fixation provide
adequate stabilization, as well as satisfactory radiological and functional outcomes for
managing fractures of the radius or ulna of varying severity (Ermutluet al, 2020).

One of the adverse reactions with low incidence is an allergic reaction to the. metallic
composition of the fixator, whether internal or external. This allergic reaction, specifically
allergic contact dermatitis (ACD), is a type IV hypersensitivity response;.accounting for 20%
of contact dermatoses. ACD is diagnosed with a gold-standard patch test'to confirm the
diagnosis in patients with persistent symptoms. Acute ACD typically. presents'as eczematous
erythema, or vesicular dermatitis. Although ACD may manifest as a, localized and well-
demarcated skin rash, most commonly on the hands or face, it can also be more widespread
(Murphy et al, 2023).

The present case report aims to describe a rare case of hypersensitivity to orthopedic
synthetic materials, an adverse event that developed following surgical intervention for the
correction of an open fracture of the radius and proximal ulna.

2. PRESENTATION OF CASE

The patient, a 63-year-old woman, had no history of osteoporosis before being admitted to a
hospital unit for surgical treatment of an open fracture of the right olecranon. The initial
intervention involved the placement of an external fixator, which was followed by the
development of inflammatory signs.and suspected cellulitis. Subsequently, the fixator was
removed, leading to the progression of diffuse and pruritic dermatitis.

After suffering a fall'in early:2021, which resulted in an open fracture of the right olecranon,
the patient underwent.surgery for the placement of an external fixator and osteosynthesis of
the distal third of ‘the ‘right ulna. However, three days after the operation, she developed
edema, hyperemia, localized warmth, and suspected erysipelas and cellulitis. After five days,
clinical improvement was observed, and she was discharged from the hospital with a
prescription:for antibiotics and analgesics.

However, four days after discharge, the patient experienced a worsening of symptoms with
purulent discharge, leading to readmission due to cellulitis and purulent secretion. Two days
later, surgery was performed to remove the fixator and apply a right axillary splint, with a
prescription for Ciprofloxacin and Clindamycin. Fifteen days later, osteosynthesis surgery
was planned but canceled due to leukocytosis, followed by a prescription for Augmentin
{Slavaliny(amoxicillin / clavulanate)and hospital discharge.

Subsequently, the patient was admitted for surgery to fix the olecranon with a plate and
Kirschner wire and was discharged two days later. During a follow-up consultation,
postoperative pain and serous discharge from the surgical wound were observed, leading to
a prescription of Ciprofloxacin for an additional seven days. The persistence of serous



discharge from the Kirschner wires resulted in their removal, with the prescription for
Ciprofloxacin maintained.

Afterwards, an infection was detected in the operative site, requiring rehospitalization and
evaluation by internal medicine due to suspected drug-induced dermatitis. Vancomycin and
Meropenem were prescribed, and surgical mechanical lavage were performed. Following
assessment by an infectious disease specialist, the patient developed acute renal failure.
The elbow plate was removed, and shortly thereafter, the patient exhibited intense pruritus
disseminated across the body. The patient was discharged from orthopedics and nephrology
but remained under investigation by internal medicine regarding drug-induced dermatitis,
acute renal failure, and infection, with a prescription for Prednisone for five days.

After the detection of osteomyelitis and erythematous desquamative lesions, the patient was
admitted to the ICU and started treatment with Piperacillin/tazobactam (Tazocin) for a
pulmonary infection. She developed an allergic reaction, which was treated with Hydroxyzine
while maintaining Hydrocortisone and an antihistamine. A subsequent, hospitalization was
required to remove the orthopedic synthetic material from the elbow, with ‘a diagnosis of
periplate infection and pseudoarthrosis. Three months after the=gperation, the patient still
presents with a low-output fistula and chronic dermatitis' that has not responded to
dermatological treatment to date. An X-ray examination revealed signs of bone resorption in
the humerus, radius, and ulna, as well as non-union of the fracture in the ulna.

Given the persistence of extensive chronic dermatitis, a standardized Patch Test was
performed using the PATCHKIT STANDARD NEW GENERATIONS with the Finn Chambers
technique from FDA ALLERGENIC. The test revealed positive reactions to Cobalt Chloride,
with a possible association with vitamin B12, and'to Nickel Sulfate. Positive reactions to the
toluenesulfonamide/formaldehyde resin were also identified. The test report highlighted that,
due to the extensive dermatitis, the results might:have been affected, and it considered the
possibility that the allergy was related to the implant of a metallic prosthesis. It
recommended the removal or replacement of the prosthesis with one that does not contain
chromium and/or nickel. Five months after the operation, the fracture site showed no signs of
infection but presented with severe bone rarefaction and bone loss.



Figure 1 - Apparance of the patient's dermatitis
3. DISCUSSION

The implantation of orthopedic devicessis a,common strategy in various surgical correction
treatments (Thomas et al, 2024). However, despite being uncommon, there is growing
concern about hypersensitivity reactions to implants (HRI), particularly to metals such as
nickel, cobalt, and chromium -present ‘in-these devices. This can occur because such
materials are exposed to fluids, ‘biological tissues, and mechanical stresses, making them
susceptible to corrosion and ion release, which triggers an immune response that can be
characterized as an adverse event (Zemelka-Wiacek, 2022).

In the case of the;patient described in this report, an external fixator was initially used to
correct the fracture in the right upper limb. Subsequently, a plate and implantable pins were
used for osteosynthesis, all of which were orthopedic materials made of stainless steel (a
metallic alloy commaonly used in orthopedic implants due to its chromium content, which
provides greater resistance to corrosion, but also includes other components such as nickel,
cobalt, and“molybdenum) (Tapscott&Wottowa, 2024). However, despite the high purity of
stainless steel, its inherent passive protective layer, and plasma spray coating, friction can
still. cause. the steel to release soluble products into the body (Wozniak et al, 2021).
According to studies, this may induce the expression of intercellular adhesion molecule-1
(ICAM-1) and cytokine activation, influencing the local environment and, in rarer cases,
triggering hypersensitivity in patients, as observed in this case (Toro et al, 2020).

The incidence and prevalence of metal allergies to implanted implants can be influenced by
various factors. However, they are difficult to determine, as the literature lacks prospective
longitudinal studies with clear objective criteria and large cross-sectional studies addressing
these questions (Pacheco, 2019). Nonetheless, some relevant findings have been
demonstrated in studies, such as the greater sensitivity and development of hypersensitivity
to nickel in female patients (a factor also observed in the present case, where the patient



was reported to have nickel hypersensitivity), while male patients exhibit greater sensitivity to
cobalt (Silverberg et al, 2024).

Hypersensitivity reactions to implants (HRIS) are generally classified as delayed-type
allergies mediated by T Ilymphocytes (type IV reaction), characterized by increased
inflammasome activation induced by metal ions or particles and heightened cytokine (IL-1B)
formation (Atwater & Reeder, 2020). Such symptoms and factors characteristic of type IV
hypersensitivity reactions were observed in the patient described in this report. Although
some studies propose prior exposure to metals at high concentrations as a diagnostic
hypothesis for HRI, suggesting sensitization of dendritic cells that could predispose the
patient to ACD (Sebastidoet al, 2020), this was not reported by our patient, and this theory
has yet to be proven. Therefore, the most widely accepted hypothesis “is. that the
predisposition to metal hypersensitivity is multifactorial.

The primary clinical symptoms of hypersensitivity to metals include localized cutaneous
reactions or systemic allergic dermatitis of an eczematous nature, which.may oceur over the
implanted material. These symptoms can also present as urticaria, blistering eruptions,
erythema multiforme, and vasculitis. Additionally, extracutaneous:complications associated
with orthopedic implants, such as pain and swelling at the implant site;zaseptic inflammation,
and prosthetic loosening, are common (Gaillard-Campbell & Gross, 2024).

From a laboratory perspective, the most standardized. diagnostic tools are the skin patch
test, the leukocyte migration inhibition test (LMIT), and the lymphocyte transformation test
(LTT), which are the most widely used tests for metal hypersensitivity (Dordunooet al, 2020).
The patch test is considered the gold standard for.diagnosing metal hypersensitivity and is
more commonly used in clinical settings due to its simplicity compared to in vitro tests. The
LMIT assesses leukocyte migration inhibition, whereas the LTT evaluates the proliferation of
lymphocytes activated by metal ions: Although.the LTT is the preferred test, its clinical
application is significantly constrained by its high cost and the need for a specialized
laboratory (Li & Li, 2021).

For treatment, allergen removal is consistently the most effective approach for all types of
hypersensitivity. However, if the patient presents with only mild eczema or less severe
dermatitis, local dermatological.treatment is generally preferred. When systemic allergic
symptoms occur, the prescription of oral prednisolone is also indicated (Ramcharanet al,
2023).

4. CONCLUSION

The fixation:of a stainless-steel prosthesis as a therapeutic solution aimed at improving
osteosynthesis and the patient's mobility is contradicted by the potential for hypersensitivity
reactions to implants (HRI) made of metals such as nickel, cobalt, and chromium. Although
composed of high-purity stainless steel and coated with plasma spray to inhibit particle
oxidation, the release of soluble products into the body is inevitable due to the constant and
uninterrupted exposure to the individual's biomechanics.

The literature lacks longitudinal studies that classify the adverse reactions caused by these
metallic materials in a way that addresses complications arising from implants used in
surgical situations. Therefore, this case report seeks to highlight the occurrence of
hypersensitivity to metals as an adverse effect of prosthesis implantation and its possible
clinical outcomes. It also aims to explore new evidence bases that contribute to the
diagnosis and reduce the incidence of this complication in future cases, such as the finding
of a higher prevalence of nickel hypersensitivity in female patients.



Definitions, Acronyms, Abbreviations

ACD: allergic contact dermatitis

ICU: Intensive Care Unit

HRI: hypersensitivity reactions to implants
LMIT: leukocyte migration inhibition test

LTT: lymphocyte transformation test
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