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Abstract

Chronic urticaria is a common skin disorder caused by the immune system, mainly due to the activation
and degranulation of mast cells in the skin. The patch test is regarded as the gold standard for
identifying contact allergens. However, current studies do not specifically examine the relationship
between implant-related allergens and chronic urticaria. This research seeks to investigate the role that
allergens from implants play in the onset of chronic urticaria. We compared implant-related patch test
results from 176 chronic urticaria patients, 926 eczema patients, and 409 acute urticaria patients,
analyzing positive rates, sex ratios, and allergen distribution. This study found that 141 of the 176
patients with chronic urticaria (80.1%) had positive reactions, which is significantly higher than the
positive rates in the acute urticaria group (69.9%) and the eczema group (68.8%). In both the eczema
and the acute urticaria groups, male patients were more prevalent. However, there was no significant
gender difference observed in the chronic urticaria group. Among all the patients studied, titanium(IV)
oxalate hydrate, cobalt(ll) chloride hexahydrate, and nickel(ll) sulfate hexahydrate showed relatively high
positive reaction rates. Notably, in patients with chronic urticaria, only nickel(ll) sulfate hexahydrate had
a significantly higher positive reaction rate in females than in males. Implant-related patch testing is
essential for identifying allergens in patients with chronic urticaria, especially when compared to acute
urticaria and eczema. In many cases, implant-related patch testing helps identify the causes of chronic
urticaria.

Introduction

Urticaria is a common and varied inflammatory skin condition that affects about 20% of people
worldwide at some point in their lives[11]. It is characterized by the presence of wheals, angioedema, or
both[18]. Wheals are superficial, swollen plaques on the skin, often surrounded by bright red patches[9],
and they are typically accompanied by intense itching or a burning sensation[22]. They usually form
within minutes, last for a few hours, and generally resolve within 24 hours[20]. In contrast, angioedema
appears as vague swelling that affects the deeper dermis, subcutaneous tissue, or mucosa. It is typically
skin-colored or slightly reddish, develops slowly, and can last for several days[2]. Based on symptom
duration, urticaria is classified into acute and chronic forms. Acute urticaria lasts less than six weeks,
whereas chronic urticaria persists continuously or intermittently for more than six weeks|7].

Current research indicates that acute urticaria is mainly caused by allergens that trigger type |
hypersensitivity reactions. These allergens include infections, airborne substances, medications, foods,
and insect bites[17]. In contrast, chronic urticaria primarily results from the activation of mast cells in the
skin and their release of inflammatory substances. This activation results in the release of several
inflammatory mediators, including histamine, cytokines, prostaglandins, and leukotrienes. These
mediators cause dermal edema, vasodilation, stimulation of sensory nerves, and infiltration of immune
cells[5, 13]. Eczema is a common, chronic, recurrent, and inflammatory skin disease in dermatology. Its
main features include symptoms such as papules, erythema, itching, epidermal desquamation, and
vesicles[19]. The onset and progression of eczema involve a complex process influenced by multiple
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factors. Although the exact pathogenesis is not yet fully understood, current research suggests that its
development is associated with an imbalance between T lymphocyte subpopulations and abnormal
cytokine secretion[14].

Since its introduction in 1895, the patch test has become the most trusted method for detecting contact
allergens[21]. Previous studies have shown that patch testing plays a significant role in chronic urticaria.
They emphasize that contact sensitization is one of its underlying causes[1, 8]. However, traditional
patch test reagents have mostly focused on small molecules, neglecting metals and commonly used
implants found in daily life, such as those used in dentistry and orthopedics. In this study, we focused on
implants as the main patch test reagents and incorporated eczema and acute urticaria as control
groups. The aim of this study was to explore the effectiveness of implant-based patch testing in patients
with chronic urticaria.

Methods
Patient Enroliment and Study Design

We conducted a retrospective case-control study on all patients who underwent implant-based patch
testing from March 2024 to December 2024. We collected epidemiological and demographic data, such
as gender and disease type, for analysis.

The study included patients diagnosed with eczema, urticaria, or chronic urticaria based on their disease
type. The study excluded the following patients: 1. Patients who took systemic corticosteroids,
immunosuppressants, or immune-modifying drugs in the last two weeks; 2. Those who applied topical
glucocorticoids to the test area within the last week; 3. Those whose test area was exposed to ultraviolet
radiation in the last week; 4. Pregnant or breastfeeding patients; and 5. Patients with skin lesions in the
test area that could affect the test results.

Patch Test

The implant-related patch test was conducted with the IMP-1000 kit, which includes 40 implant
materials from Chemotechnique Diagnostics AB in Sweden. The patch test chambers were made of
cellulose to prevent potential interactions with certain metal allergens. A trained technician applied the
test to the patient's back. After 48 hours, patients were instructed to remove the patches, and a
professional technician evaluated the results 72 to 120 hours later. Results were interpreted based on
the standards from the International Contact Dermatitis Research Group: "-" indicates negative, "t"
indicates doubtfully positive, "+" indicates positive, "++" indicates strong positive, and "+++" indicates
very strongly positive. Only results rated "+" or higher were deemed positive for further analysis.

Statistical Analysis
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Patients were categorized into three groups: acute urticaria, chronic urticaria, and eczema. The acute
urticaria and eczema groups acted as control groups for comparison with the chronic urticaria group.
The X2 test compared the positive rates of implant-related allergens among different genders and
groups. A P-value of less than 0.05 was deemed statistically significant.

Results

The study involved 176 chronic urticaria patients (80 males and 96 females), 409 acute urticaria patients
(255 males and 154 females), and 924 eczema patients (577 males and 347 females) who underwent
implant patch testing. Of the 1,509 patients included in the study, 1,063 were found to be allergic to at
least one implant material. This resulted in an overall positive rate of 70.4%. Among chronic urticaria
patients, 141 (80.1%) were allergic to at least one implant, and there was no significant difference in
allergy rates between male and female patients. In contrast, the positive rates for acute urticaria and
eczema patients were 69.9% and 68.8%, respectively, indicating a significantly higher number of male
patients compared to female patients (see Table 1). Additionally, further comparison showed that the
positive rate for chronic urticaria was significantly higher than those for acute urticaria (x?=6.477, P =
0.011) and eczema (x2=9.073, P = 0.003).

Table 1
Gender Comparison Among Different Diseases
Disease Type Positive Cases Male Patients Female Patients x? Value P Value
Chronic Urticaria 141 59 82 3.728 >0.05
Acute Urticaria 286 162 124 13.180 P <0.001
Eczema 636 371 265 14.716 P<0.001

Among the 924 eczema patients, 34 different allergens were identified. Titanium dioxide was the most
common allergen, affecting 489 patients, followed by cobalt(ll) chloride hexahydrate (148 patients),
nickel(ll) sulfate hexahydrate (112 patients), sodium tetrachloropalladate (97 patients), and ferric
chloride (85 patients). Among the 409 acute urticaria patients, 24 different allergens were detected.
Titanium dioxide was the most common allergen, affecting 222 patients, followed by cobalt(ll) chloride
hexahydrate (72 patients), nickel(ll) sulfate hexahydrate (60 patients), palladium(ll) chloride (46
patients), and sodium tetrachloropalladate (42 patients). Detailed results can be found in Fig. 1A and
Fig. 1B, which illustrates the allergens identified in both patient groups.

In a study of 176 patients with chronic urticaria, we identified 21 distinct positive results. The top ten
results can be seen in Fig. 2. Titanium(IV) oxalate hydrate had the highest positive rate, affecting 115
patients, followed by cobalt(Il) chloride hexahydrate (38 patients), nickel(ll) sulfate hexahydrate (27
patients), palladium(ll) chloride (17 patients), and ferric chloride (13 patients). Notably, female patients
were significantly more affected than male patients in the nickel(ll) sulfate hexahydrate group (P < 0.05),
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while no significant gender differences were noted for the other allergens. These findings are
summarized in Table 2.

Table 2
Positive Cases and Gender Distribution in Patch Test Results for Chronic Urticaria Patients
Allergen Positive Cases Male Female X2 P
(n) (n) (n) Value Value
Titanium(IV) oxalate hydrate 115 50 65 0.523 0.470
Cobalt(Il) chloride 38 19 19 0.404 0.525
hexahydrate
Nickel(ll) sulfate hexahydrate 27 6 21 6.943 0.008
Palladium(ll) chloride 17 5 12 1.953 0.162
Ferric chloride 13 7 6 0.399 0.528

We further analyzed the positive reaction rates to major implant allergens across the three patient
groups and performed direct comparisons (Table 3). The sensitization rate to titanium(IV) oxalate
hydrate was significantly higher in chronic urticaria patients than in both the acute urticaria group(P =
0.013) and the eczema group (P = 0.002). In contrast, sodium tetrachloropalladate(ll) hydrate (P = 0.023
vs. acute urticaria; P = 0.014 vs. eczema)and stannous chloride (P =0.012 vs. eczema)showed
significantly lower positive rates in the chronic urticaria group compared to the two control groups. For
other common allergens, such as cobalt(ll) chloride hexahydrate and nickel(ll) sulfate hexahydrate, no
significant differences in positive rates were observed among the three groups.
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Table 3

Comparison of Positive Patch Test Reactions to Major Allergens Across Patient Cohorts

Allergen Chronic Acute Eczema  x2Value/P X2 Value/P
Urticaria Urticaria ( value value
n=
(n=176) (n=409) 924) (Chronic vs (Chronic vs
Acute) Eczema)
Titanium(IV)oxalate 115 222 489 6.166/0.013* 9.209/0.002*
hydrate (65.3%) (54.3%) (52.9%)
Cobalt(Il)chloride 38 72 148 1.281/0.258 3.269/0.071
hexahydrate (21.6%) (17.6%) (16.0%)
Nickel(Il)sulfate 27 60 112 0.44/0.834 1.388/0.239
hexahydrate (15.3%) (14.7%) (12.1%)
Palladium(ll)chloride 17 (9.7%) 46 81 0.323/0.570 0.154/0.703
(11.2%) (8.8%)
Ferric chloride 13(7.4%) 42 85 1.200/0.273 0.599/0.439
(10.3%) (9.2%)
Copper(Il)sulfate 9 (5.1%) 22 (5.4%) 54 0.017/0.895 0.146/0.702
pentahydrate (5.8%)
Aluminium(lilchloride 8 (4.5%) 10 (2.4%) 22 1.820/0.177  2.611/0.106
hexahydrate (2.4%)
Sodium 8 (4.5%) 42 97 5.157/0.023* 6.067/0.014*
tetrachloropalladate(ll) (10.3%) (10.5%)
hydrate
Mercury(ll)chloride 7 (4.0%) 18 (4.4%) (31 ) 0.054/0.816 0.172/0.697
3.4%
Stannous chloride 4 (2.3%) 24 (5.9%) ?8 ) 3.490/0.062 6.253/0.012*
7.4%
*indicates significant difference (p < 0.05)

Discussion

The mechanism underlying the clinical symptoms of chronic urticaria is mainly caused by the activation
of skin mast cells and the release of histamines and cytokines[4]. Furthermore, mast cell activation is
not solely dependent on IgE-mediated type | hypersensitivity, as studies have demonstrated that mast

cells possess multiple activation receptors[15]. When patients are exposed to implants, these materials
act as haptens that are recognized by the immune system and presented to T cells. In certain individuals,
this process may not manifest as contact dermatitis. Instead, the activated T cells produce specific
histamine-releasing factors (HRFs), which subsequently bind to mast cells, inducing degranulation and
the release of histamine and other inflammatory mediators, ultimately leading to a type IV, T cell-
mediated chronic urticaria[10].
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Chronic urticaria involves recurring rashes that last for hours and cause severe itching. In most cases,
symptoms occur daily and can persist for years. Approximately 1% of the global population is affected
by chronic urticaria, and this prevalence is increasing[12]. Recent research reveals that more than 20% of
chronic urticaria patients miss at least one hour of work weekly. Additionally, their productivity is
reduced by 27%[16]. Treating chronic urticaria demands considerable financial resources, burdening both
patients and healthcare systems.

Historically, detecting allergens in chronic urticaria mainly depended on serum IgE testing and skin prick
tests, while the role of contact allergens was often overlooked. With over 4,300 allergens present in our
environment[6], testing each one individually is impractical. Thus, it is essential to identify the specific
allergens that require testing.

In previous studies, Boonk conducted patch tests on 162 chronic urticaria patients using common
allergens, and only 22% tested positive[3]. Similarly, Guerra et al. reported that only 41% of 121 chronic
urticaria patients showed positive results for common contact allergens in patch testing[8]. In contrast,
this study focused on implant-related allergens. We discovered a strikingly high positive rate of 80.1% in
the chronic urticaria group. Furthermore, the distinct sensitization pattern observed for titanium(IV)
oxalate hydrate confirms the unique diagnostic value of implant allergen screening in determining the
etiology of chronic urticaria. These findings suggest that clinicians should consider implant patch
testing an essential component of allergen detection in chronic urticaria patients.

The five most common allergens for patients with chronic urticaria are titanium(IV) oxalate hydrate,
cobalt(ll) chloride hexahydrate, nickel(ll) sulfate hexahydrate, palladium(ll) chloride, and ferric chloride.
Titanium(IV) oxalate hydrate is commonly found in electroplated steel plates, adhesives, and titanium
alloys used in dentistry. Cobalt(ll) chloride hexahydrate frequently appears in glass, porcelain pigments,
and dental alloy materials. Nickel(ll) sulfate hexahydrate is utilized in various alloy products, including
watches, door handles, faucets, and detergents. Palladium(ll) chloride serves as a catalyst in jewelry
production, while ferric chloride is widely used in wastewater treatment. Regarding gender differences,
nickel(ll) sulfate hexahydrate showed a significantly higher incidence of positive reactions in female
patients, with ear piercing being established as the primary causative factor for this disparity.

This study has several limitations that should be acknowledged. First, due to its retrospective nature, we
were unable to systematically collect data regarding the presence of corresponding implants in patients
with positive patch test reactions or their exposure status (current or past). This limitation precludes our
ability to assess the relevance of positive implant allergens to chronic urticaria at an individual level.

These findings highlight the necessity of detailed documentation of patients' implant exposure history in
future investigations to further validate the association between implant allergens and chronic urticaria.

Conclusion

Our findings highlight the importance of implant-related allergen screening in chronic urticaria, especially
when compared to acute urticaria and eczema. Avoiding contact with certain metals may help alleviate
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chronic urticaria, thereby establishing a theoretical basis for personalized clinical prevention and
treatment.
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Figure 1

Fig. TA Top 10 Implant Allergens in Patch Test Results for Eczema Patients
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Figure 2

Fig. 1B Top 10 Implant Allergens in Patch Test Results for Acute Urticaria Patients
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Figure 3

Fig. 2 Patch test reactivity to implantallergens in patients with chronic urticaria
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