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Abstract

Introduction and objective

Gel nail allergies have become a growing concern in recent years, as individuals experience
adverse immune reactions to the chemicals present in gel nail products. The popularity of gel
nails, known for their long-lasting and durable finish compared to traditional nail polishes,
has increased in the beauty industry. However, specific constituents, particularly acrylate
compounds used in gel nail formulations, can trigger allergic responses in susceptible
individuals.

Abbreviated description of the state of knowledge

Findings from the reviewed articles indicate that allergic reactions to acrylates in gel nail
products can manifest in various ways, including contact dermatitis, dermatoses, and general
allergic responses. Nail technicians, due to their frequent exposure to gel nail products and
other potential allergens, are particularly vulnerable to occupational hazards associated with
acrylate sensitization. These insights highlight the need for preventive measures to protect the
health and well-being of nail technicians and promote a safer working environment.

Summary

This literature review addresses the emerging issue of gel nail allergies and provides valuable
information regarding the prevalence and characteristics of allergic reactions to acrylates. The
article underscores the significance of increasing awareness, implementing preventive
measures, and effectively managing gel nail allergies. By doing so, the beauty industry can
ensure a safer approach to gel nail applications, benefitting both nail technicians and

consumers alike.

Keywords: Gel nail allergies, Allergic contact dermatitis, Acrylates, Occupational hazards,

Nail technicians, Gel nail products

1. Introduction

Allergic reactions can occur when an individual's immune system negatively responds to

foreign substances present in the environment [1] . In recent years, allergic reactions to
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acrylates and their derivatives found in gel nail polishes and nail adhesives have become a

concerning issue.

Gel nails have gained popularity in manicures due to their long-lasting and durable finish
compared to traditional nail polish [2]. Acrylates, such as methacrylates and cyanoacrylates,
are essential components that create the strong and durable bond responsible for the extended
longevity of gel nails. However, individuals with sensitivities may experience various allergic
reactions when exposed to these chemicals, including allergic contact dermatitis, various

dermatoses, and general allergic reactions [1,3—7].

Nail technicians are particularly susceptible to occupational hazards due to their daily
exposure to various chemicals and tools used in nail cosmetic procedures [8]. Their profession
puts them at risk of developing allergic reactions and skin conditions due to frequent contact

with gel nail products and other potential allergens.

As gel nails continue to be a popular choice among consumers, it is crucial to raise awareness
about the potential risks associated with acrylate allergies and the importance of proper
protective measures for nail technicians to minimize the occurrence of allergic reactions and

promote a safer work environment.

2. Aim of the study

The aim of this scientific study is to investigate gel nail allergies and occupational risk of
beauticians in the field of nail technics. The study aims to identify the common symptoms and
manifestations of gel nail allergies, with a specific focus on adverse immune responses
triggered by acrylate compounds present in gel nail formulations. Additionally, the study
seeks to explore preventative measures to mitigate the occurrence of allergic reactions and

enhance the safety and awareness surrounding gel nail applications in the beauty industry.

3. Materials and methods
Search Strategy: A comprehensive literature search was conducted to identify relevant articles
on gel nail allergies. Electronic databases, including PubMed and Google Scholar, were

searched using a combination of keywords gel nail allergies, allergic contact dermatitis,

acrylates, occupational hazards, nail technicians, gel nail products.
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Inclusion and Exclusion Criteria: Articles were included if they focused on gel nail allergies,
allergic reactions to acrylates in gel nail products, and related topics. Studies that examined
allergic contact dermatitis, skin reactions, and occupational hazards among nail technicians
were also considered. Articles that were not available in English, Polish, French and lacked

relevant data were excluded from the review.

Data Extraction: The selected articles were carefully reviewed, and relevant data were
extracted. Information on study design, sample size, study population, methods of allergen
testing, identified allergens, symptoms of gel nail allergies, and preventive measures were

recorded.

Data Analysis: The extracted data were analyzed to identify common themes, trends, and
patterns related to gel nail allergies. Key findings from each study were summarized and
compared to determine the prevalence and characteristics of gel nail allergies and associated

risk factors.

Quality Assessment: The quality of each included study was assessed using established
criteria, such as study design, sample representativeness, and data analysis methods. Studies

with higher methodological rigor were given more weight in the review.

Synthesis of Findings: The findings from the reviewed articles were synthesized to provide a
comprehensive overview of the prevalence, symptoms, and risk factors associated with gel
nail allergies. Key insights and knowledge gaps were highlighted to guide future research and

recommendations for preventive measures.

4. Discussion

4.1. Cosmetic Nail Products

Nail cosmetic products encompass a wide range of items used to enhance the appearance and
health of nails [1] . These products are popular among both professional nail salons and
individuals who do their manicures and pedicures at home. Artificial nails are widely used to
enhance the length, strength, and appearance of natural nails. There are several types of

artificial nails, each with its unique characteristics and application methods [2,9].

4.1.1. Nail polish. Nail polish is the most well-known and widely used nail cosmetic product

[2,9]. It comes in various colors and finishes, allowing individuals to express their style and
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creativity. Nail polish typically consists of a combination of film-forming agents, such as

alkyl esters and glycol esters, pigments, solvents, and plasticizers [10].

There are different types of nail polishes, such as regular nail polish, gel polish, and hybrid
polishes like shellac [2,7,9,10]

4.1.2. A base coat is a clear or slightly tinted layer applied before the colored nail polish [10].
It helps create a smooth surface for the polish to adhere to, prevents staining of the natural
nails, and enhances the longevity of the manicure. The bases contain more resin in order to
increase the adhesion of the nail polish and more fixing lacquers supplemented with UV-

agents to increase the resistance and protect the layer.

4.1.3. The top coat is applied on top of the colored nail polish to add shine, protect the
manicure, and extend its wear [2]. Some top coats are quick-drying and provide a glossy

finish, while others may have a matte or gel-like appearance.

4.1.4. Nail polish remover is used to take off old nail polish [2]. It usually contains acetone or
non-acetone solvents, with acetone being more effective in removing stubborn nail polish but

potentially more drying to the nails and skin.

4.1.5. Acrylic nails are one of the most popular and enduring types of artificial nails [2,8,10].
They are created by mixing a liquid monomer such as methyl-, ethyl- or isobutyl methacrylate
monomer with a polymethyl or ethyl methacrylate powdered polymer to form a thick,
malleable paste. Nail technicians then apply the paste onto the natural nail or a nail form (a
mold) to shape and extend the nails. Acrylic nails harden when exposed to air, creating a
durable and long-lasting artificial extension. They can be customized with various nail polish

colors or nail art designs.

4.1.6. Gel nails are another popular option for artificial nails [2,8,9]. They are made from
(meth)acrylates, which are applied over the natural nail or used to sculpt extensions. The gel
is then cured or hardened using a UV or LED light. Gel nails provide a natural-looking finish
with a glossy appearance. There are two main types of gel nails: hard gel, which offers added

strength, and soft gel, which is more flexible and suitable for natural nail overlays.

4.1.7. Shellac nails are a hybrid nail product that combines the characteristics of gel nails and

traditional nail polish [2,7]. It is a brand-specific product that involves applying a base coat,
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colored polish, and a top coat, all of which are cured under a UV or LED light. Shellac nails
offer a chip-resistant and glossy finish, lasting longer than regular nail polish but not as long-

lasting as traditional gel nails or acrylics.

4.1.9. Press-on nails are pre-made artificial nails that come with adhesive glue already applied
to the nail [7,9,10]. The surface of the nails is sanded. After disinfection, a cyano-acrylate
glue fixes the fabric to the nail. This method is often used to repair damaged nails or add
strength to weak nails. Once applied, the material is coated with resin or gel to create a

smooth and polished surface.

4.2 Associated Allergens

Nail cosmetic procedures can lead to allergic reactions or skin irritation due to the presence of
certain allergens and irritants [11] . The British Association of Dermatologists has issued
warnings regarding the dangers of chemicals found in nail cosmetics. The retrospective
analysis of patch testing results conducted on individuals diagnosed with contact dermatitis
(CD) due to nail cosmetic ingredients revealed the most frequently occurring positive

reactions to specific chemicals [3].

4.2.1 Acrylates are chemicals found in gel nail products, acrylic nails, and some nail
adhesives. Hydroxyethyl Methacrylates (HEMA), Methyl Methacrylate and Ethyl Acrylate
are commonly used in these products and resulted to be the most allergenic in the study
(56.6%, 27.8% and 25.2%, respectively) [3] . Some individuals may develop contact
dermatitis or allergic reactions to these chemicals, especially if they come into prolonged or

repeated contact with the skin and are cross-reactive with one another [12].

An EECDRG (European Environmental Contact Dermatitis Research Group) study revealed
136 cases of allergic contact dermatitis (ACD) caused by nail acrylates, diagnosed through
targeted testing [4] . This accounted for approximately 67% of all cases of (meth)acrylate
allergy observed between the years 2013 and 2015. The study identified the main allergens
responsible for these reactions, with 2-hydroxyethyl methacrylate (2-HEMA) showing a
positivity rate of 91.9%, followed by hydroxypropyl methacrylate with 83.2% positivity, and
ethylene glycol dimethacrylate at 69.2% positivity.

The monomer commonly used in nail cosmetic procedures is typically a methacrylate

monomer. Initially, methyl methacrylate (MMA) was frequently employed in these products.

62



However, due to the occurrence of severe cases of contact dermatitis associated with MMA
exposure, its use has been restricted in the United States and Europe [13]. To address safety
concerns, regulations were implemented in the United States, which led to the prohibition of
products with 100% MMA monomer. Additionally, in Europe, many products containing over

90% MMA monomer were recalled preventing potential adverse health effects [14].

4.2.2 Formaldehyde is a preservative and hardening agent found in some nail hardeners and
nail polishes [15]. It can cause skin irritation and allergic reactions, and long-term exposure
may pose health risks. There has been a decline in sensitization to tosylamide/formaldehyde
resin, a common ingredient found in "classical" nail polish, while the incidence of

(meth)acrylate-related allergic contact dermatitis (ACD) has been on the rise [16].

3.2.3 Parabens are preservatives used in some nail products to extend their shelf life [17].
They have been linked to skin irritation and may cause allergic reactions in sensitive

individuals. They are very weak allergens with a sensitization prevalence of arounf 1% or less.

4.3.  Allergic Contact Dermatitis

The most studied adverse effect of methacrylate monomers in the gel polish is allergic contact
dermatitis (ACD) [18]. Recently, the incidence of allergic contact dermatitis associated with
nail cosmetics has increased among beauticians and customers, particularly with the rising

popularity of photo-bonded acrylic gel nails[19].

ACD caused by (meth)acrylates is commonly observed in specific occupational groups,
including beauticians such as nail technicians, dental personnel (dentists and technicians), and
employees working in industries involved in fiberglass, printing, glue, or paint manufacturing
[1] . These professionals are at an increased risk of developing allergic reactions to
(meth)acrylates due to their frequent and direct exposure to products containing these

compounds in their work environments.

Gatica-Ortega et al. (2017) presented a picture of a typical patient with ACD caused by
methacrylates in artificial nails as a young, non-atopic woman, who works as a nail technician
and suffers from hand and face dermatisis [18]. They used MOAHFLA index, which is the
acronym for male, occupational dermatitis, atopic dermatitis, hand dermatitis, leg dermatitis,
face dermatitis, and age >40 years. Among the 1.82% patients with ACD of 2353 studied, the

most frequently positive allergens were HPMA (positive reactions observed in almost all
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patients except one), HEMA, and THFMA. Only one patient had negative patch test results
for both HPMA and HEMA. Patch testing with both HPMA and THFMA would have ensured

that no patients with (meth)acrylate allergies were missed.

Interestingly, these three allergens, HPMA, HEMA, and THFMA, were also the most
identified (meth)acrylate compounds listed on the labels of the products used by the patients.
This correlation between positive patch test results and the presence of these allergens in the
products suggests the importance of identifying and labeling these compounds accurately to

aid in diagnosing and managing allergic contact dermatitis caused by (meth)acrylates.

The risk of developing allergic contact dermatitis to nail cosmetics is higher in individuals
who have previously been sensitized to these allergens. Sensitization can occur through
repeated or prolonged exposure to these chemicals, leading the body's immune system to
recognize them as harmful substances and trigger an allergic reaction upon subsequent

exposure [20]. The nail technicians are under the highest risk of allergies.

The retrospective study conducted by the European Environmental Contact Dermatitis
Research Group (EECDRG) revealed significant insights into acrylate-induced allergic
contact dermatitis (ACD) [4].

Authors showed that an overwhelming 67% of ACD cases attributed to acrylates were caused
by materials used in nail stylization. Among the affected individuals, 43% were exposed as
consumers using nail cosmetic products, while 56% were exposed occupationally, primarily

referring to nail technicians who handle these products regularly.

A notable finding from the study was that 65% of the cases of occupational ACD were
identified within the first year of starting work. This indicates a high sensitizing potency of
acrylate chemicals, as the allergic reactions were detected relatively early in the occupational
exposure. It highlights the importance of recognizing the risks associated with acrylate
exposure in the workplace and the need for preventative measures to protect the health of

professionals working in nail stylization.

Symptoms of allergic contact dermatitis may include redness, itching, swelling, and blistering
around the nail area or on the skin exposed to the nail products [4,21]. In severe cases, the
reaction may spread to other parts of the body that encountered the allergen, leading to

widespread dermatitis.
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4.5.1. Diagnosis

Patch testing is considered the gold standard in confirming the diagnosis of allergy to
acrylates [1]. During the procedure, small amounts of potential allergens, including acrylate
compounds, are applied to patches that are then placed on the patient's back. The patches are
left in place for a specific time, usually around 48 hours. After this period, the patches are

removed, and the skin is carefully examined for any signs of allergic reactions.

If a patient is allergic to acrylates, the patch test will reveal a positive reaction in the form of
redness, swelling, or rash at the site of exposure to the acrylate allergen. This positive result
confirms the diagnosis of acrylate allergy and helps the healthcare provider to identify the

specific acrylate compounds to which the patient is sensitive.

Acrylate allergies can sometimes be polyvalent, meaning patients may exhibit positive patch
test reactions to multiple acrylate compounds even if they have not been directly exposed to
all those substances individually [20]. This phenomenon is often attributed to cross-reactions

between different acrylic monomers and concomitant allergies.

4.4.  Additional Risk

Allergies to gel nail chemicals are more likely to occur if gel polish isn't accurately or
sufficiently cured under a UV or LED lamp during the manicure, leading to skin sensitization
[2]. The British Association of Dermatologists has urged caution with at-home gel nail kits, as

improper curing and exposure to acrylates can cause allergic reactions [22—-24].

Acrylates are not only present in nail cosmetics but have a wide application in various
medical purposes, such as dental ligatures, soft contact lenses, endoprostheses, hearing aids

and medical devices for diabetes patients [25-28].

As a result, individuals who have previously developed allergic contact dermatitis (ACD) to
acrylates from artificial nails may experience allergic reactions upon re-exposure to acrylates
in these other materials. Moreover, cross-reactions with other acrylic monomers may occur,

leading to additional allergic responses [20].

For individuals with ACD to acrylates in artificial nails, it is essential to exercise caution

when using other products that contain acrylates. However, it has been reported that those
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who are not allergic to ethyl cyanoacrylate, which is present in all nail glues, can safely use
silk wrap nails as an alternative [5]. This option provides a potentially safer choice for nail
enhancements without the risk of triggering allergic reactions caused by acrylates in artificial

nails.

4.5.  Adverse effects of artificial nails

4.5.1. Localized paronychia

Paronychia is a common condition characterized by inflammation of the skin around the nails,
usually affecting the fingers more than the toes [7] . It can be caused by various factors,

including bacterial or fungal infections, trauma, or irritants.

When it comes to gel nails, paronychia can sometimes occur as a result of improper nail
preparation, application, or maintenance [6] . If the natural nail surface is not adequately
cleaned, sanitized, and dehydrated before gel application, bacteria and fungi may thrive,
leading to an infection around the nail. If the gel product is not applied evenly or if there are
air pockets or gaps between the gel and the natural nail, it can create a space where bacteria or
fungi can accumulate. Frequent and prolonged use of gel nails without sufficient breaks can
weaken the natural nail and make it more susceptible to infections. If the gel nails are not

removed properly, the nail bed may be damaged, leaving it vulnerable to infection.

4.5.2. Nail dystrophy

Nail dystrophy and pseudo-psoriatic nails have been observed in individuals who wear acrylic
nails [29]. The clinical features of this condition, such as onycholysis (nail detachment from
the nail bed) and severe subungual hyperkeratosis (excessive thickening of the nail bed), can
closely resemble those seen in psoriatic nails. This resemblance has led to misdiagnoses and
incorrect treatments, with some cases being treated with topical or intralesional
corticosteroids or even immunosuppressants, especially if there is coincident joint pain. The
authors have observed that the origin of pseudo-psoriatic nails was prior to the removal of
acrylic nails. Patch testing in these patients revealed positive reactions to methylmethacrylate,

indicating that sensitization to acrylates may be responsible for this clinical phenotype.

Heller’s canaliform dystrophy is a longitudinal, median channel or temporary crack, splitting

the free edge of the nail [10]. The lesion usually is localized on the thumbs. The origin is
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usually traumatic removal of firmly attached artificial nails, triggering the phenomenon of
Koebnerization. Partial transverse occur more likely than total section of the distal end of the

nail.

4.5.3. Onycholysis

Onycholysis is a condition where the nail plate separates or lifts from the nail bed, leading to
a visible gap between the two [2]. This separation occurs at the distal or lateral edges of the
nail and can progress proximally. Onycholysis can be caused by various factors, including

trauma, fungal infections, psoriasis, thyroid disorders, and the use of certain medications.

When it comes to gel nails, onycholysis can be a potential concern if the gel nail application is

not done correctly or if proper aftercare is not followed [7].

Gel nails are a type of artificial nail enhancement that involves the application of a gel-based
product to the natural nail, which is then cured under a UV or LED lamp to harden and create
a durable and glossy finish. Improper gel nail application or excessive filing during the
process can damage the nail plate and cause onycholysis. If the gel product is not applied
evenly or if air is trapped between the gel and the natural nail, it can lead to lifting and

separation of the gel layer from the nail bed.

4.5.4. Worn down nails

Worn-down nail syndrome is characterized by a triangular area of significant nail thinning,
with the base located at the free edge of the nail [30] . The main reason is chemical or
mechanical trauma. Dermoscopy of affected nails may reveal pinpoint hemorrhages and
dilated capillaries. Recently, Wu et al. identified a new cause of worn-down nail syndrome

resulting from trauma caused by nail filing to remove acrylic nails [30].

Treatment for this condition primarily involves discontinuing the behavior responsible for the
repetitive trauma to the nail plate. By avoiding further nail filing and minimizing any

additional damage to the nail, the condition can improve and the nail may gradually recover.

4.6.  Skin lesions associated with UV nail lamps

Skin lesions induced by UV nail lamps have been a subject of concern in the beauty and nail

salon industry [31]. UV nail lamps are used in gel nail applications to cure and harden the gel
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polish, providing a long-lasting and glossy finish. However, there have been reports of
potential skin damage associated with the use of these lamps [32]. The main concern is the
exposure to UV radiation emitted by these lamps. UV radiation can cause various skin issues,

including photodamage, skin cancer risk and allergic reactions [33].

4.6.1. Photodamage: Prolonged exposure to UV radiation from nail lamps can lead to

photodamage, which includes premature aging of the skin, wrinkles, and age spots [34].

4.6.2. Skin Cancer Risk: UV radiation is a known risk factor for skin cancer, including
squamous cell carcinoma and melanoma. Three cases of squamous cell carcinoma (SCC)
have been reported in association with UV nail lamp exposure [33,35]. In these cases, there
was a considerable delay between UV exposure and the diagnosis of SCC, ranging from 11 to
15 years. Frequent and prolonged exposure to UV rays from nail lamps may increase the risk
of developing skin cancer, especially in individuals with a history of sun sensitivity or

previous skin cancer.

4.6.3. Allergic Reactions: Some individuals may experience allergic reactions to UV radiation,

leading to redness, itching, and swelling around the nails and surrounding skin [36].

4.7.  Occupational Hazard

In the past, the most common exposures to (meth)acrylates were associated with various
manufacturing industries, including printing, painting, coating, metallurgical industries, and
dentistry [1,25,28,37] . These compounds were found in floor waxes, floor coatings, and

surface treatments of leather, textiles, and paper products.

Occupational allergies to (meth)acrylates have been frequently observed among dental
personnel since 1990s [1,25]. Dental staff are exposed to numerous materials that can act as
potential contact allergens, such as uncured plastic resins, particularly acrylic monomers like
acrylates, methacrylates, urethane acrylates, and epoxy acrylates. These substances are
commonly used in dentistry for prostheses, dentin bonding materials, and glass ionomers

[25,38].

Nail technicians face several occupational hazards due to their daily exposure to various
chemicals and tools used in nail cosmetic procedures. Studies have shown that nail

technicians may be more susceptible to sensitization compared to customers [8]. Sensitization
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to compounds found in nail polishes, gels, acrylics, and adhesives can occur through

accidental skin contact or long-term ambient exposure [20,25,38].

The typical features of methacrylate allergy are allergic contact dermatitis, skin irritation,
respiratory issues. When filing and shaping nails, fine dust and fumes can be generated, which
technicians can inhale. Air quality in nail salons has been analyzed, and it has been found that
volatile organic compounds, like formaldehyde and (meth)acrylates, can exceed
recommended exposure limits [39]. In certain cases, acrylates can cause involvement of the
face and eyelids when airborne particles of these substances encounter the skin. Additionally,
allergens can be transported through contaminated tools or hands, leading to skin reactions on

the face and eyelids [18,24].

Respiratory hypersensitivity can be triggered by acrylates, resulting in symptoms such as
wheezing, asthma, or rhinoconjunctivitis [40]. Inhaling acrylate particles or fumes can irritate
the respiratory system, leading to respiratory allergies and discomfort in affected individuals.
Neurocognitive and neurosensory deficits have also been observed, possibly due to exposure

to neurotoxic substances like methacrylates [41].

4.8.  Occupational prevention

To mitigate occupational hazards, it is essential for nail technicians and salon owners to take
appropriate measures, such as increased ventilation, regular air content analysis, and careful

inspection of nail product ingredients [8,39,42].

Nail technicians should wear gloves made of nitrile or neoprene to protect their skin from
chemical exposure. Morgado et al. (2019) recommended a specific protocol for the use of
nitrile gloves in situations involving exposure to methacrylates [43] . According to their
suggestion, technicians should use nitrile gloves for a maximum of 30 minutes during a
procedure, and if the procedure is not completed, they should change their gloves. They
observed that during prolonged exposure to (meth)acrylates, these chemical compounds have
the potential to diffuse from the nail gel. This diffusion may lead to an increased risk of
developing dermatitis or other allergic reactions on the skin, particularly in those who are

sensitive or prone to (meth)acrylate allergies.

Masks and goggles can also help reduce inhalation of dust and fumes [21]. Salons should

have proper ventilation systems to minimize exposure to airborne particles and fumes. Nail
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technicians should receive training on proper handling of chemicals, equipment, and hygiene
practices to reduce the risk of accidents and exposure. Good hygiene practices should be

maintained, including regular handwashing and disinfection of tools and work surfaces.

To reduce the risk of skin lesions induced by UV nail lamps, nail salons and users can
consider using LED lamps, wearing UV-protective gloves, limiting exposure time, applying
SPF creams and controlling skin regularly [44,45] . LED lamps emit less UV radiation
compared to traditional UV nail lamps, making them a safer option for gel nail applications.
Nail technicians and clients can wear special UV-protective gloves during gel nail
applications to shield the hands and skin from UV exposure. Reducing the exposure time
under the UV lamp during gel nail applications can help minimize the risk of UV-related skin
damage. Applying sunscreen with broad-spectrum protection to the hands and surrounding
skin before gel nail applications can provide additional protection against UV radiation [45].
Individuals who frequently undergo gel nail treatments should be vigilant about monitoring
their skin for any changes and seek medical attention if they notice any unusual skin lesions

or signs of damage.

5. Conclusions

Gel nail allergies present a significant concern in the beauty industry, considering the
increasing popularity of gel nails and the potential for adverse immune responses to acrylate
compounds. This study has shed light on the common symptoms and manifestations of gel
nail allergies, with a focus on allergic contact dermatitis. The implementation of preventative
measures, such as patch testing and using hypoallergenic alternatives, is crucial to ensure

safer and more informed gel nail applications.

Furthermore, limiting prolonged exposure to gel nail products and UV nail lamps can
contribute to enhancing the safety and awareness surrounding gel nail applications. By
adopting these practices, nail technicians and clients can enjoy gel nails without
compromising nail health and overall well-being. Continued research and awareness are
essential to improve the safety and efficiency of gel nail procedures, ultimately benefiting

both the beauty industry and consumers.
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