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ABSTRACT: Nail cosmetics are used by millions of people worldwide who desire smooth, lustrous
nails. The nail cosmetic industry continues to expand to meet increasing consumer demand. In 2011
alone, consumers spent $6.6 billion on nail salon services. Although nail cosmetics are relatively safe,
poor application techniques can promote disease, deformity, and allergic and irritant contact derma-
titis. The foundation for managing nail cosmetic problems is prevention through education. Familiarity
with the procedures and materials used in the nail cosmetic industry is necessary in order to recom-
mend safe nail care strategies.
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Introduction

For many, well-groomed, glossy nails are a symbol
of health and youth and are greatly desired (1). The
significance of nail beautification is deep-seated,
often ingrained subconsciously at a young age, and
while nail cosmetics have been traditionally
reserved for women, the market for male mani-
cures is rapidly expanding (2). In 2011, US consum-
ers spent $6.6 billion on nail salon services alone,
excluding the myriad of consumer products avail-
able in drug stores and department stores (1,3–5).

Many people rely on nail cosmetics to disguise
and conceal unsightly nail abnormalities (6,7).
Lacquer-based nail enamels and ridge fillers may
help smooth longitudinal ridging associated with
aging. Manifestations of psoriatic nail disease
such as nail pitting, onychorrhexis, splinter hem-
orrhages, salmon patches, and onycholysis can be
disguised with lacquer (5–7). Nail shape abnor-
malities such as brachyonychia can be hidden
with artificial nail enhancements (6,7). Persons
aiming to break bad habits such as nail biting or

cuticle picking can employ nail overlays as a
helpful deterrent (6,7).

In addition, nail cosmetics can be utilized in the
management of brittle, soft, and/or splitting nails
(6,7). Brittle nails arise when the water content of
the nail plate falls from roughly 18 to 16% water
content (2,8). Nail lacquers and moisturizers may
help maintain nail hydration by sealing in moisture
that would alternatively evaporate (2,6). Nail lac-
quers, hardeners, gels, shellacs, and elongators can
serve to physically thicken and strengthen and
protect soft, weak, or otherwise fragile nails by pro-
viding an external, durable shell (5–7).

Although there are no figures that estimate the
number of women who suffer from allergic and
infectious complications of nail cosmetics, the rates
appear to be no higher than those associated with
hair salon allergic and infectious problems (1,6). Of
those persons who do suffer complications, many
find that their physicians simply recommend that
they stop using nail cosmetics altogether (9). Nail
cosmetics are relatively safe – millions of people
worldwide use nail cosmetics with absolutely no
adverse effects (6–9). Advising patients to discon-
tinue using all nail cosmetics is often unnecessary
and could alienate many patients (9). Rather, phy-
sicians should study the techniques and materials
used in the nail industry in order to help their
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patients safely use nailproducts by recommending
preferred nail care strategies and materials and
alternatives for any offending agents (9).

Basic steps of a nail manicure and
pedicure and medical suggestions

The nail manicure is the process by which finger-
nails are cleaned, shaped, and sometimes aug-
mented by the application of a nail lacquer or other
nail enhancement (9). The pedicure is analogous
to the manicure, but involves toenails and the
smoothing or filing of any calluses on the plantar
surface of the foot (9). The ideal nail shape is dic-
tated by shifting trends (2). Currently, the ideal nail
possesses a central, delicate arc without any sharp
corners medially or laterally, so as to create the illu-
sion of a long, slender finger (2). However, this ideal
shape predisposes persons to hang nails, nail plate
fractures, and ingrown nails (2,10). Rather, nails
should be shaped with a very slight curve with
corners left untouched (2).

A manicure consists of a number of sequential
steps (9). First, the nails are soaked in warm, soapy
water to remove any debris and to soften them in
order to prevent cracking, splitting, and distal hori-
zontal layering (onychoschizia) when clipping
(FIG. 1) (2). Brittle nails in particular are very sus-
ceptible to damage when clipped without prior
soaking (2,8). The nails are then trimmed and filed
to the ideal shape (4,8). Next, the cuticles are soft-
ened by either applying a chemical cuticle remover
or soaking in warm water (8,9). Once soft and mal-
leable, the cuticles are pushed proximally and/or
clipped away with a metal implement (8,9). The
surface of the nail plate is then sometimes filed to
improve adhesion of nail lacquer or other nail

enhancement, or alternatively, when the final step
(which is often the case for men), the nails are
buffed to a shine (8,11).

Several suggestions exist to improve the current
basic technique. Distal nail plate filing is preferred
over clipping, because the latter can sometimes
cause cracking and layering (2). When clipping is
necessary, the nails should first be softened by
soaking, and the cutting implement should be held
perpendicular to the nail plate to prevent onycho-
schizia (2,8). For this very reason, filing should also
be performed at a perpendicular angle (2,8).

Many manicurists prefer to remove the cuticles
as they could potentially complicate the even
application of nail lacquer and predispose nail
lacquers, gels, and shellacs to chipping. However,
the cuticle serves a very important purpose – to
seal the proximal nail fold to the nail plate and
thereby protect the proximal portion of the nail
unit from infection with bacteria and/or yeast
(2,9). Hence, the cuticles are best left alone. In
cases where persons insist that their cuticles must
be at least partially eliminated as they extend too
far distally if left untouched, recommend that
only the most distal portion of each cuticle be
removed by first soaking the cuticles in water and
then gently rubbing over them with a wash cloth
daily.

Chemical cuticle removers commonly contain
one of the following active ingredients: 2–5%
sodium hydroxide, 2–5% potassium hydroxide, tri-
sodium phosphate, tetrasodium pyrophosphate,
or 3–5% of quaternary ammonium compounds in
combination with urea. However, these products
are not recommended as they can cause nail plate
softening and are a common cause of irritant
contact dermatitis, especially when left on for pro-
longed periods of time (2,8). When an allergic
contact dermatitis (ACD) to a chemical cuticle
remover is suspected, open patch testing using a
2% aqueous concentration can be performed (2).

The use of an adhesive primer is usually all that
is necessary to improve nail enhancement adhe-
sion, and filing is often unnecessary. However,
when persons insist that filing must be performed
to improve nail enhancement adhesion, assure
them that filing only 5% of the nail plate, or roughly
5 of its 100 cell layers, is more than sufficient to
enhance the adhesion of nail products (8). Addi-
tionally, recommend that use of heavy grit abra-
sives with less than 180 grit and electric files be
avoided, alternatively using safer, smoother abra-
sive files with over 180 grit instead (12). Persons
should be informed that longitudinal ridges do not
represent areas of increased plate thickness and

FIG. 1. Onychoschizia.
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thus should not be filed flat as this can result
in severe local plate thinning and subsequent
splitting.

Additional steps of a nail manicure
or pedicure and dermatologic
considerations

Nail lacquer

Nail salons typically apply a series of coats of nail
lacquer allowing sufficient time for drying between
each coat (11). First, one to two base coats are
applied to further enhance adhesion of the colored
nail lacquer to the roughened nail plate (11). Then,
two coats of colored nail lacquer, followed by one
to two top coats are applied (11). The top coat(s)
serve(s) to improve the chip-resistant characteris-
tics of the colored nail lacquer (11).

Nail lacquers are composed of four to six types of
ingredients: resins, solvents, plasticizers, colorants,
thixotropic agents, and color stabilizers (11). In
general, two types of resins are used in various con-
centrations depending on the desired effect of the
lacquer (2,11). Basecoat formulas typically contain
higher concentrations of soft, flexible resins in
order to enhance adhesion, whereas top coat
formulas usually possess higher percentages of
hard, glossy resins to give the finished nail its
desired appearance (11). Pliable resins include
tosylamide/formaldehyde resin (also labeled as
toluenesulfonamide-formaldehyde resin), polyvi-
nyl butyral, and several other polyester resins
(2,11). Hard glossy resins include nitrocellulose,
methacrylate polymers, and vinyl polymers (2,11).

Solvents serve to dissolve resins, suspend colo-
rants, and evaporate at a certain speed so that the
lacquer is distributed as a smooth film atop the nail
plate (11). The most commonly used solvents
include ethyl acetate, n-butyl acetate, and isopro-
pyl alcohol (2,11). In order to achieve an optimum
drying speed, multiple solvents are often blended
in a nail lacquer (11).

Plasticizers are added to lacquer to improve
resin flexibility and chip resistance. Frequently
used plasticizers include camphor, triphenyl phos-
phate, trimethyl pentanyl diisobutyrate, acetyl
tributyl citrate, ethyl tosylamide, and sucrose ben-
zoate (2,11). Dibutyl phthalate was a popular plas-
ticizer in the past, but following a 2004 European
Union ban despite authoritative literature regard-
ing its safety in nail lacquer, the compound is no
longer widely used (11,12).

Colorants are primarily utilized in their “lake”
forms, meaning that their organic forms have
been co-precipitated or absorbed into inorganic,
insoluble forms such as oxides, silicilates, or sul-
fates of various metals (2,11). Shimmer effects are
typically created by incorporating powdered alu-
minum, titanium dioxide-coated mica flakes,
guanine from fish scales, and/or bismuth oxychlo-
ride for iridescence (2,11). Newly advertised mag-
netic nail lacquers contain iron powder. Prior to
solvent evaporation of the applied magnetic nail
lacquer, a magnet in the cap of the lacquer con-
tainer can be held over the nail, causing the iron
powder in the formulation to gravitate toward the
magnet and form a desired pattern. Any polishes
containing magnetic materials must be removed
prior to magnetic resonance imaging.

Thixotropic agents are added to colored nail lac-
quers for flow control and colorant dispersion and
are not needed in colorless lacquers (11). Most
thixotropic agents are clay derivatives with stear-
alkonium hectorite and stearalkonium bentonite
being most commonly used (11). Some colored lac-
quers and top coat lacquers, contain color stabiliz-
ers such as benzophenone-1 and etocrylene, to
safeguard against ultraviolet (UV)-induced color
fading, but not UV-induced cancers (11,13).

Nail lacquers are associated with a variety of
adverse effects. ACD can arise following skin
contact with wet or dry enamel (2,14). The most
common allergen in nail lacquer is tosylamide/
formaldehyde resin, which is responsible for 4% of
positive patch test results according to the North
American Contact Dermatitis Group (2). ACD sec-
ondary to products applied to the nail typically
presents with erythema and peeling of the proxi-
mal nail folds, finger tips, and/or eyelids (FIG. 2)

FIG. 2. Allergic contact dermatitis secondary to nail cosmet-
ics characterized by erythema and peeling of the skin sur-
rounding the nails.
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(2). Some nail lacquer containers may contain
metallic beads composed of nickel to aid in
product dispersion prior to application and can
trigger nickel sensitivity (2). Individuals with sus-
pected sensitization to a particular nail lacquer can
be tested by applying lacquer to the skin in dried
form only, as volatile solvents can cause irritant
reactions if not allowed to evaporate. An allergy
to tosylamide/formaldehyde resin can be tested
alone in 10% petrolatum (2).

Yellow staining of the nail plate commonly
occurs following about 7 days of continued wear of
a nail lacquer (FIG. 3) (2,6,15,16). Deep red nail lac-
quers with D&C Reds no. 6, 7, 34, and FD&C Yellow
no. 5 Lake are frequent culprits (2,15). Fortunately,
nail staining typically fades without treatment
about 14 days after the lacquer has been removed
(2). However, if the enamel has been left on for a
prolonged period of time, the colorants can deeply
penetrate the nail plate and continuously leach
out. Hence, in many cases of prolonged nail
lacquer use, nail staining may only resolve after the
discolored nail has grown out (15).

Long-term use of nail lacquer also commonly
causes portions of the nail plate to become white
and friable, a physical finding termed as keratin
granulations by Baran (FIG. 4) (6,16,17). Keratin
granulations can be easily mistaken for white
superficial onychomycosis, a condition that can
usually be ruled out by performing a KOH prepara-
tion (16). However, keratin granulations can pre-
dispose the dorsal nail plate to subsequent fungal
invasion and susceptible persons should take nec-
essary precautions.

Plastic tips

Preformed plastic tips are a popular home nail
elongation method that is available in press-on

and pre-glued forms as well as in forms that require
the application of glue (6). Following the steps of a
basic manicure, an antiseptic dehydrator (often
isopropyl alcohol) is applied using a cotton-tipped
orangewood stick (6). An adhesive glue, such as
cyanoacrylate glue, is then spread over the dorsal
surface of the nail plate, and a plastic tip is placed
atop the nail plate and held for 5–10 seconds to
ensure adequate adhesion (6). Each tip is then
shaped and the desired finish applied (6).

The sensitizing potential of cyanoacrylate glues,
namely methyl 2-cyanoacrylate and ethyl 2-
cyanoacrylate, is unclear. Few cases of ACD and
irritant and allergic respiratory disease (asthma,
rhinitis, etc.) have been reported in the literature
relative to the wide industrial and household use of
the cyanoacrylates, which are incorporated into a
number of commonly used instant glues (18). Addi-
tionally, a number of the existing case reports did
not test reactions to pure methyl 2-cyanoacrylate or
ethyl 2-cyanoacrylate, but rather tested reactions to
glues that also contained other possible allergenic
or irritant components (18).

Although plastic tips and other artificial nail
extensions can reinforce and cover brittle nails,
they are not as flexible as natural nail plates and
are more likely to become onycholytic following
a mechanical trauma, especially when the nails
extend beyond the digital tips (8,9). In turn, ony-
cholytic nails are susceptible to secondary infec-
tion with microorganisms such as Candida and
Pseudomonas (8,9). Hence, persons who prefer to
wear artificial nails should be encouraged to main-
tain their nails at a length that does not extend
beyond the tips of their digits (9).

Nail wraps and “no-light” gels

Nail wraps are a less popular nail enhancement
technique, accounting for only about 1% of the
worldwide market (19). In professional salons, fol-
lowing the steps of a basic manicure, nail wraps

FIG. 3. Yellow nail staining secondary to nail lacquer.

FIG. 4. Keratin granulations secondary to nail lacquer.
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with linen, silk, or fiberglass are applied to
dehydrated natural nails or plastic tips using
a cyanoacrylate glue for adhesion (6,9). The
cyanoacrylate monomers are applied directly from
the container’s nozzle without the aid of a brush
and cure upon exposure to nail plate moisture (19).
The curing process can be hastened to completion
within 5–10 seconds by solvents, such as dimethyl
tolyamine, or other tertiary aromatic amines,
which are either applied with a dropper, sprayed
on, or impregnated into the woven fabric (19).
Once dry, additional glue is placed over the surface
of the wrap for protection and allowed to dry (6,9).
In the final step, the nails are paired to a desired
shape (6,9). Nail wrap home kits frequently contain
wraps composed of vinyl with an adhesive backing
that is sometimes activated by a heat source such
as a simple hair dryer (FIG. 5A–C). A variation on
the nail wrap, termed “no-light gels,” consists of
cyanoacrylate monomers that are thickened with
polymers such as polymethyl methacrylate and
applied without a reinforcing fabric (19).

Acrylics

Acrylics, or liquid and powder systems, are very
durable and chip-resistant and can be applied atop
natural or artificial nails at home as well as in the
nail salon. When placing acrylics directly onto the

natural nail plate, the surface is dehydrated (often
with isopropyl alcohol), and adhesion-promoting
primers containing proprietary mixtures of
hydroxylated monomers or oligomers, carboxylic
acids, etc. are applied (19). A brush is then dipped
into a liquid monomer, being careful to remove any
excess, and drawn through a polymer powder so
that a small bead forms at the end of the brush (19).
The bead is applied directly to the natural nail plate
or to an overlying plastic nail tip, and the process
is repeated (19). Typically three to six beads are
smoothed into shape with the brush per nail plate
(19). Pink powders are usually applied over the
portion of the nail plate that overlies the nail bed,
and white powders over the free edge of the nail
plate (19).

The majority of monomer liquids are composed
of a mixture of 60–95% ethyl methacrylate, 3–5%
other di- or tri-functional methacrylate monomers
for cross-linking and improved durability, 0.75–
1.25% catalyst (such as dimethyl tolyamine), and
UV stabilizers, flexibilizing plasticizers, and reac-
tion inhibitors (19). The polymer powder is com-
posed of 50–80-mm beads of methyl and/or ethyl
methacrylate polymer that are coated with 1–2%
benzoyl peroxide, the polymerization initiator (19).
The powder mixture also contains other additives
such as colorants, and opacifiers like titanium
dioxide (19).

A B

C

FIG. 5. (A) Nail wrap home kit; (B) Nail wraps enclosed in the kit. (C) Applied nail wraps.
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Once mixed, acrylic slurry begins polymerizing
immediately and hardens within 2–3 minutes (19).
Within 5–10 minutes, over 95% of polymerization
occurs, but the process is not fully complete for
24–48 hours (19). Occasionally, hydroquinone, or
methyl ether hydroquinone, or pyrogallol is added
to slow down the polymerization reaction (19).
After the acrylic slurry has hardened, the nail is
arched, shaped using a hand or electric file, and
then either buffed to a high shine or painted with
nail lacquer (19).

A gap develops typically between the nail folds
and the proximal portion of the acrylic nail as the
natural nail plate grows, making it necessary to fill
in the gap with more acrylic product about every 2
weeks (2). Filling in the gap requires a series of steps.
Initially, the nail lacquer is removed, the nails are
cleaned, and the acrylics are filed to one-third of
their original thickness to remove the old arches
that have grown too far distally. Primer is then
spread over each nail plate with a gap, and acrylic
slurry is reapplied in such a way as to rebalance each
nail arch (2). In the final steps, proximal ridges are
filed down, and nail lacquer is reapplied (2).

Historically, liquid and powder systems com-
monly contained methyl methacrylate monomer
(MMA), a potent sensitizer and cause of prolonged
paresthesias characterized by burning, tingling,
and slight numbness (2,19,20). By the early 1970s,
the Food and Drug Association chose to remove all
market products containing 100% MMA and to
restrict the use of less concentrated monomer for-
mulations (20). However, some nail salons still use
illegal concentrations of MMA because it is rela-
tively inexpensive when compared with preferred
alternatives (9,19). Unfortunately, other methacry-
lates can be sensitizing in their uncured forms too,
so skin contact should be avoided (2). In individu-
als with suspected sensitization, patch testing
can be conducted using MMA in 10% olive oil, or
methacrylate acid esters in 1 and 5% olive oil and
petrolatum (2).

Primers containing methacrylic acid (MAA)
were also used frequently in the past, but are less
popular now following reports of it causing skin,
oral, and eye corrosion in unsupervised children
(19,21). Nail primers that contain MAA are usually
labeled “For Professional Use Only,” but are often
sold to consumers in retail stores (20). However,
per Consumer Product Safety Commission regula-
tion, and established in accordance with the
Poison Prevention Packaging Act, all liquid house-
hold products containing more than 5% MAA,
weight to volume, in a single retail package are
required to be in child-resistant packaging (20).

Sculptured nails

Nail sculpting is a nail elongation method that uti-
lizes liquid and powder systems (2,19). Nonstick,
Mylar© or Teflon© coated paper is adhered under-
neath the free edge of the natural nail and is used as
a template to which acrylic slurry is applied, and
then shaped and filed (19). Sculpted nails are
custom-made, and the application process is very
involved requiring about 2 hours to sculpt 10 fin-
gernails, but well-applied sculpted nails should fit
perfectly and are hard to differentiate from natural
nails (2).

Sculpted nails generally require more mainte-
nance than natural fingernails as the acrylic
loosens from the natural nail, especially along the
edges, over time making a passageway for infection
(2). Loose edges must be clipped regularly, and new
acrylics need to be applied about every 3 weeks (2).

Photobonded nails

Photobonded nails are the least popular method
used for nail elongation (2). Acrylic nails formed
on a natural nail plate are cured by a magnesium
light in 1–2 minutes (2). Reported adverse events
include photo-onycholysis and paresthesias (2).

UV-cured traditional nail gels

Gel nails are a very popular nail enhancement that
can be applied over the natural nail, tip overlays,
or short extensions at home and in the nail salon
(3). Gels, like acrylics, are very durable and chip-
resistant, but also offer the advantage of improved
curing speed. Gels photocure within 1–3 minutes
upon exposure to a low-intensity light that pre-
dominately emits UVA rays, whereas acrylics gen-
erally take between 24 and 48 hours to cure (FIG. 6)
(19). Gel nails are bottled just like traditional nail
lacquers, but are composed of 75–95% urethane

FIG. 6. Four-bulb ultraviolet nail lamp.
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acrylate oligomers and durability improving, cross-
linking monomers, 1–4% polymerization photoini-
tiators, and 0.75–1.25% catalysts such as dimethyl
tolyamine (19).

The gel application process involves a series of
steps following routine nail prep. Initially, a dehy-
drator is applied to the nail surface followed by a
coat of primer gel that is cured under UVA light.
Three coats of gel are then sequentially applied and
cured. Photocuring must be performed after the
application of each coat of gel because UVA rays
cannot penetrate more than a few millimeters
into the gel (19). Arching is performed during the
application of the second and third coats. In the
final steps, the gels are cleansed, final shaping is
performed, and sometimes a top gel gloss coat is
applied and cured.

As with acrylics, gels must be rebalanced
roughly every 2 weeks because of natural nail plate
growth and the development of a gap between the
nail folds and the proximal portion of the gelled
nail (19). Rebalancing requires a series of steps and
can take between 30 and 90 minutes to complete.
First, the nails are cleaned, trimmed, and shaped,
and the gels are filed to one-third the original thick-
ness in order to remove the old arches (19). The
new proximal nail plate is then prepped, primed,
and cured (19). Two coats of gel are then applied,
each with photocuring following application (19).
Arching is performed during the second applica-
tion (19). Finishing is performed as during the
initial session (19).

Several concerns over the safety of UV nail
lamps used for photocuring arose following an
observational article published in 2009 that
described the cases of two healthy, middle-aged
women with Fitzpatrick skin type III and no per-
sonal or family history of skin cancer who each
developed a nonmelanoma skin cancer on the
dorsum of one of their hands following several
exposures to UV nail lights (13). Interestingly, one
patient reported little recreational UV exposure,
and had no signs of solar damage on her face or on
the rest of the body, but had a 15-year history of
twice monthly UV nail light exposures and devel-
oped a squamous cell carcinoma in situ (without
human papillomavirus) on the dorsomedial aspect
of her right index finger (13). However, the second
case was far less convincing as it concerned a
woman with a history of several actinic keratoses
on her face and arms and approximately eight UV
nail light exposures over a 1-year span who devel-
oped a non-human papillomavirus-related squa-
mous cell carcinoma on the dorsum of her right
hand (13).

As a response to this article, Schoon, Bryson,
and McConnell, three leading scientists in the nail
industry, conducted an experiment to quantify UV
emissions from standard UVA nail lamps (22). The
study was performed through an independent sci-
entific testing laboratory that specializes in devel-
oping and testing illumination devices (22). It was
determined that standard UVA nail lamps contain-
ing two or four 9-W bulbs, when used once every
2 weeks for 10 minutes per hand, exposes persons
to the equivalent of spending an extra 1.5–2.7
minutes in sunlight each day when considering
UVA exposure, and 17–26 seconds each day when
considering UVB exposure (22).

Current dermatologic recommendations for
persons who regularly utilize UV nail lamps
include wearing sunscreen and placing a small
piece of white cloth over the hands when placing
them in the UV nail lamp. Additionally, the eyes
should be shielded from light emitted from the
UV nail light, as it can potentially damage the
lutein pigment in the back of the eye and result in
macular degeneration (2). Appropriate eye protec-
tion is especially important for manicurists who
are exposed to the UV light on a daily basis (2).
Moreover, UV light can cause onycholysis in
patients taking photosensitizing medications such
as doxycycline (2).

UV-cured shellacs

A variant of the nail gels, shellacs, or UV-curable
nail lacquers, were developed to better satisfy con-
sumer demand for rapidly drying, highly durable
nail lacquer (2,11). Shellacs resist chipping and are
designed to be worn atop natural nails for 4–6
weeks after which time they can be removed by
simply soaking in acetone (2).

Shellacs possess the same pigments that are
used in traditional nail lacquers, but use a base
containing polymerization photoinitiators, and
UV-curable methacrylate or acrylate oligomers and
monomers rather than the standard solvent/resin
base (11). The application process for shellacs
involves a series of six coating steps (two coats of
base polymer, two coats of pigmented polymer,
and finally two clear coats), each of which is fol-
lowed by exposure to low-intensity UVA light for
1–3 minutes to photocure the polymer (2,11).
Light-emitting diode-curing shellacs possess dif-
ferent photoinitiators than traditional gel formula-
tions that respond to a narrower spectrum of UVA
rays emitted by a light-emitting diode lamp (23).

Patients may develop an ACD to uncured meth-
acrylate or acrylate oligomers and monomers, and
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great care should be taken to prevent sensitization
by avoiding skin contact (2). Fortunately, once
these compounds are completely photocured, they
are no longer allergenic (2).

Nail lacquer removers

As previously highlighted, when nail lacquer dries
no polymerization takes place, but rather, resin is
deposited onto the nail plate as solvent evaporates
(11). Hence, nail lacquer can be removed by redis-
solving the resin in a strong solvent such as
acetone, ethyl acetate, methyl ethyl ketone, butyl
acetate, or alcohol (11). Although UV-cured shel-
lacs are polymerized, they still contain fewer cross-
links than other nail enhancements and are able to
be removed by soaking in acetone (11). Ethyl
acetate does not damage acrylic overlays and is
favored when removing nail lacquer from artificial
nail enhancements (11). However, California has
banned the use of ethyl acetate, as well as methyl
ethyl ketone, and other nail lacquer removers that
do not comply with their air quality regulations
(11). Nail lacquer is typically removed by applying a
solvent to a cotton ball or tissue and wiping the
dorsal nail to remove any unwanted lacquer (11).

Nail lacquer removers have a dehydrating effect
and can exacerbate brittle nails and should be used
sparingly (2,6). In addition, solvents that come into
contact with surrounding skin can cause irritation
through their drying and defatting effects (11). In
order to counteract the drying effects of solvents,
conditioning nail enamel removers that contain
fatty materials such as lanolin, castor oil, cetyl
alcohol, cetyl palmitate, or other oils have been
designed to retard water evaporation through their
occlusive moisturizing effects (2,11). However, the
added conditioners are minimally effective when
compared with the dehydrating effects of the
strong solvents (2). In addition, removers that
contain botanicals and fragrances can also cause
ACD (11). Individuals with suspected sensitization
can be open patch tested at a concentration of 10%
dissolved in olive oil (2).

Other nail products

There are a subset of nail lacquers marketed as
“nail treatment products” that contain added
ingredients intended to produce some therapeutic
benefit such as decreased nail breakage, increased
nail growth, and fungal infection prevention (2).
Lacquers marketed as nail strengtheners may

contain iron or calcium, and those marketed as nail
growth enhancers may contain fibered material,
such as silk proteins, but the theory behind each
is the same – to support the nail plate, making it
less subject to breakage (2,24). The active ingredi-
ents in most over-the-counter antifungal nail solu-
tions include clotrimazole 1%, tolnaftate 1%,
undecylenic acid 25%, and benzalkonium chloride
0.1%. The solutions are to be applied on top of or
beneath the nail plate (2).

Some lacquers marketed as nail hardeners,
contain a chemical cross-linking agent, such as
formalin, dimethyl urea, or glyoxal, that reduces
nail plate flexibility and can actually exacerbate
brittleness and cause yellowing of the nails (11). If
nail hardeners are used they should be cycled,
alternating between a nail hardener and a non-
hardening basecoat weekly or biweekly (11). The
most common allergen in nail hardener, like nail
lacquer, is tosylamide/formaldehyde resin (2). His-
torically, nail hardeners contained 10% or more
free formaldehyde in solution (2). The Food and
Drug Association later recalled these products fol-
lowing reports of ACD, onycholysis, subungual
hyperkeratosis, subungual hemorrhage, and bluish
nail plate discoloration, but products containing
free formaldehyde in concentrations of 1–2% are
still permitted (2,25).

Nail moisturizers may help patients with dry
brittle nails, and usually come in cream or lotion
form (2). A well-formulated nail moisturizer should
contain an occlusive, such as petrolatum, mineral
oil, or lanolin, a humectant such as glycerin, pro-
pylene glycol, or proteins, and either alpha hydroxy
acid, lactic acid, or urea to increase the water-
binding capacity of the nail plate (2). No evidence
currently exists to support claims that topical
biotin, gelatin, calcium, iron, botanical extracts,
and biological extracts are effective in treating
nail dehydration (2). However, recent studies do
support the use of oral biotin supplementation for
the treatment of brittle nails (2).

Nail salon sanitation considerations

In some nail salons, implements such as nail files
and clippers are used on more than one client
without appropriate disinfection or sterilization,
putting persons at risk for infection (1,6,26). More-
over, it is impossible to sterilize nonmetal nail files
and filing blocks (1,6). Pathogens that are com-
monly spread from client to client by way of nail
cosmetic implements include Staphylococcus,
Streptococcus, fungi, and viral warts (1,6,26). In
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addition, inadequately disinfected whirlpool foot
bath filters can support the growth of atypical
mycobacteria, such as Mycobacterium fortuitum
(1,9). Pedicure-related atypical mycobacterial
infections typically present as lower-extremity
furunculosis (FIG. 7). Such infections may progress
and several unfortunate pedicure clients have died
as a result (1,9).

The many reports of mycobacterial infections
have resulted in legislation to protect nail salon
consumers (1). But with hundreds of thousands of
licensed nail manicurists working in the United
States, it is nearly impossible for state inspectors to
ensure that all are abiding by appropriate sanita-
tion practices (1,6). Hence, manicurist education
is currently the primary means of improving nail
salon safety (19). Currently, states vary significantly
on the number of hours of education required for
state licensure (from 120 to 750 hours), and on
whether continuing education requirements are
necessary to maintain licensure (1,6,19). Physi-
cians should encourage their patients to furnish
their own instruments and supplies for nail salon
manicures/pedicures, visit only reputable nail
salons, and always be on high alert for poor sterile
technique (1,6,19). Although solvent-based water-
free nail lacquers contain no preservatives, they
can be safely used on multiple clients as they do
not support microbial growth. Water is required for
microbial survival (11).

Nail salon workplace safety

Nail salons must follow National Institute for Occu-
pational Safety and Health, and Occupational
Safety and Health Administration guidelines and
possess material safety data sheets on all materials
used (6,27). However, some nail technicians work

long hours in poorly ventilated salons and are con-
stantly being exposed to organic vapors, such as
butyl acetate, toluene, and ethyl methacrylate, and
acrylic dusts (6). Occupational exposure to nail
salon chemicals is a reported cause of asthma (6). A
study by Hiipakka et al. found that throat irritation
was potential work-related side effect (6,28).
LoSasso et al. examined the cognitive and neurop-
sychological effects of work-related exposures to
neurotoxic organic solvents and methacrylate
chemicals and found that nail technicians per-
formed more poorly than controls on tests evaluat-
ing attention and processing speeds, but performed
as well as controls on tests evaluating memory, fine
motor coordination, and depression (6,29). LoSasso
et al. concluded that exposure to low-level neuro-
toxicants commonly used in nail salons could result
in mild cognitive and neurosensory changes similar
to those observed in workers exposed to solvents in
other settings (6,29).

Manicurists are also at risk for developing aller-
gic and irritant dermatitides and should be careful
to: avoid any nail cosmetic to skin contact, wash
their hands thoroughly before touching the face or
eye area, and avoid contact with dusts and filings
that could contain small amounts of incompletely
cured monomer (19).

Health care workers and
artificial nails

Health care workers should be warned that artifi-
cial nail enhancements can harbor pathogens such
as Candida, Klebsiella, and Pseudomonas that have
caused numerous patient infections (6). The Asso-
ciation of Operating Nurses has recommended
that surgical personnel keep their nails short and
unadorned (6). Although no universal mandate
exists, most hospitals maintain policies regarding
nail cosmetics in the operating room setting (6).

Conclusion

The nail cosmetic industry continues to expand to
meet increasing consumer demand. For many, nail
cosmetics represent a form of personal expression
and beauty. For others, nail cosmetics offer a way
to camouflage embarrassing and/or unsightly
nail abnormalities, and protect weak, brittle, or soft
nails from trauma. Although relatively safe, nail
cosmetics can promote disease, deformity, and
allergic and irritant contact dermatitis. Hence

FIG. 7. Lower-extremity furunculosis due to an atypical
mycobacterial infection following a pedicure.
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knowledge of the techniques and materials used in
the nail cosmetic industry is necessary in order to
recommend safe nail care strategies to patients and
recognize cosmetic causes of nail disease.
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