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Introduction

Hair loss is a complex problem that causes great concern and
emotional distress. The incorrect use of topical hair loss treat-
mentsmaycontributetocolor fadingandpoorhairmanageability
that may lead to patients’ dissatisfaction and loss to follow-up.
Appropriateeducationabout thecorrectuseofhair careproducts
and grooming is essential to help patients’ adhere to alopecia
treatment and posttransplantation hair care recommendations.
Thisarticleaimstoprovideanoverviewofhaircosmetics toequip
medical professionals better to advise alopecia patients on
achieving the best possible hair and scalp health.

Hair Structure

The Cuticle
Hair fibers contain a thick protective, chemically resistant
cover called a cuticle. It consists of flat overlapping scale-like

structures that surround the central fiber core with the
function of protecting the cortex from external environmen-
tal damage. The human cuticle is around 6 to 8 layers thick
and consists of keratin protein, structural lipids, and high
sulfur keratin-associated proteins (KAP).1 Caucasians and
Asians havemore layers than individuals of African descent.2

The 18-methyl eicosanoic (18-MEA) acid is located at the
cuticle-cuticle cell (CMC), attached to ultrahigh sulfur pro-
tein. The 18-MEA is responsible for hair hydrophobicity
which is important to hair manageability, integrity, and
protein protection.3 The loss of 18-MEA caused by alkaline
chemical treatments, such as dying and hair straightening is
the most common cause of hair damage.3–5

The Cortex
The cortex accounts for the majority of the hair fiber mass
(75%) and plays a significant role in determining intrinsic
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Abstract Medical professionals that treat patients with alopecia usually lack knowledge about
hair cosmetics. Trichologists focus on hair cycling and growth problems and not on the
hair shaft integrity. This may lead to abandon of the use of the prescribed treatment,
such as topical minoxidil or to inadequate traumatic grooming habits that may
jeopardize hair follicle health. Shampoos, hair dyes, and hair-straightening products
may alter hair fiber structure, remove lipids, and elude protein. Hair procedures such as
hair dying and straightening have side effects and health concerns, especially for
pregnant women or sensitive hair and scalp patients. Hair breakage, follicle traction,
frizz, contact dermatitis, and mutagenicity are possible side effects of hair cosmetics
misuse. The proper use of hair care products may help to increase patients’ adherence
to alopecia treatments and avoid health problems related to inadequate application of
hair cosmetics and procedures.
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strength. There is less cysteine in the cortex than in the
cuticle. The α-helix is held coiled by chemical forces such as
ionic forces, hydrogen bonds, Van der Waal forces, and
disulfide bonds. The helical structure is responsible for
elasticity and hair strength.6–8

Hair Care and Products

Shampoos
Shampoos are products that primarily aim to clean the scalp.
Shampoos are often composed of 10 to 30 ingredients,
including cleansing agents, also known as surfactants
(►Table 1), conditioning agents, pH adjusters, fragrances,
and other additives.9–12

Sulfate free, cowash, and no poo are recently introduced
concepts of hair washing, targeting sensitive hair regimens
as well as hair of African descent.2

Cowashing refers to washing the hair with a nonionic
surfactant. It is thought to gently cleanse the hair and scalp
while maintaining moisture.11 Sulfate-free (low-poo) and
cowash products prevent the excessive removal of the natu-
ral lubrication of the hair shaft and excess water loss, but
they do so via different mechanisms.13 While the cowash
uses nonionic surfactants, such as cetyl alcohol, low poo is
the same as sulfate-free shampoo and uses amphoteric
surfactants such as cocobetaine or quaternary ammonium
salts.14 An exclusively cowashing routine needs a clarifying
(sulfate) shampoo every 15 days to avoid buildup.

The “no poo” technique refers to washing the hair with
baking soda, apple vinegar, or just water.14,15 This technique
does not provide a proper cleansing of the scalp and there are
currently no reports of its efficacy.

Extremely damaged hair or sensitive, dry post–hair-implan-
tation scalp may also benefit from the hair routine previously
detailed, especially the sulfate-free shampoos (►Fig. 1).

Antidandruff Shampoos
Alopecia conditions may be associated with scalp bacterial
and fungal dysbiosis and a medicated shampoo with keto-

conazole, salicylic acid, climbazole, or coaltar may help to
maintain a healthy scalp microbiome9,16,17 and treat seb-
orrheic dermatitis.10 As most dermatologist-prescribed
shampoos have a pH higher than baseline scalp (5.5) and
hair shaft pH (3.67),18 patients commonly complain of hair
stiffening or drying when using them. If the prescription of
an alkaline shampoo is necessary, the application of a
low pH conditioner after shampooing may restore the net
electrical charge and minimize frizz, stiffness, and dull-
ness18 (►Fig. 2).

Conditioning Agents
The application of hair conditioners aims to reduce hair
weathering and damage by lowering interfiber friction,
reducing combing forces, neutralizing the negative charge
of the hair fiber, and restoring hydrophobicity. Examples of
conditioning agents include polymers, oils, hydrolyzed ami-
no acids, and cationic molecules6,19–21 (►Fig. 3).

Table 1 Classification of surfactant and hair types

Classification of the surfactants

Charge Ingredients Product type Hair type

Anionic Ammonium lauryl sulfate, sodium laureth
sulfate, sodium lauryl sarcosinate, sodium
myreth sulfate, sodium pareth sulfate,
sodium stearte, sodium lauryl sulfate,α-olefin
sulfonate, ammonium laureth sulfate

Sulfate shampoo and
clarifying shampoo

Oily hair, Asian hair

Cationic Trimethylalkylammonium chlorides and the
chlorides or bromides of benzalkonium and
alkylpyridinium ions

Used in combination with
other surfactants as an
antistatic agent

All types of hair

Nonionic Fatty alcohols, cetyl alcohol, stearyl alcohol,
cetostearyl alcohol, and oleyl alcohol

Cowash African hair; severely
damaged hair

Amphotheric Alkyl iminopropionates and (amido) betaines
and cocobetaine

Sulfate-free shampoo Chemical treated hair;
infants

Fig. 1 Recommended routine for damaged hair or sensitive scalp.

Fig. 2 Suggested hair care regimen for sensitive hair with and
without dandruff.
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Hydrolyzed Proteins
Hydrolyzed amino acids are protein-derived substances that
result in temporary increase in hair strength and hydropho-
bicity.6,9,22–24 Hydrolyzed amino acids are derived from
animal or vegetable sources and are efficient hair restorers
and natural moisturizers.

Protein hydrolysates consist of positively charged amino
acids with low molecular weight, usually under 1,000 Da.
These proteins are capable of reaching the deep cortex,
neutralizing the negatively charged net on the entire fiber,
and promoting surface coating.25,26 The incorporation of
hydrolyzed amino acids is more efficient with heat, leading
to a more stable and complete deposition at the cuticle cell
membrane complex.23

Oils
Vegetable oils have long been used to improve hair lubrica-
tion and manageability.6,27 A recent study investigating the
effect of mineral oil, sunflower oil, and coconut oil on
preventing hair damage concluded that coconut oil was the
only oil that reduced protein loss for both damaged and
undamaged hair, when used as a pre- and postwash agent.
Coconut oil contains lauric acid, which has a high affinity for
hair proteins, and a lowmolecular weight, allowing the oil to
penetrate to the cortex.28,29 Another common oil in hair
formulations is castor oil that is extracted from the seeds of
the Ricinus communis plant. The oil is rich in ricinolein, a
monounsaturated fatty acid that allows it to act as moistur-
izer. Argan oil has a high tocopherol and polyphenol content
as well as a high antioxidant capacity; however, its use as
Moroccan oil for hair conditioning lacks scientific data.6,30

Silicone-free products use vegetable oils instead of silicones,
with a minor hair smoothing effect.

The application of virgin oil directly to hair requires
caution as it may trigger a hair matting condition of un-
known mechanism known as plica polonica.31,32

Silicones
Silicones are heat-resistant hybrid polymers derived from
silicon dioxide present in beach sand.6 Silicones are used in
shampoos and conditioners and they differ on deposition
and solubility inwater.19 These compounds can increase hair
body, protect the hair shaft from chemical and environmen-
tal damage, and improve hair hydrophobicity and shine.

Some silicones have positively charged polar sites to better
attach to the negatively charged hair surface and enhance
deposition on chemically treated hair.33

Water-insoluble silicones cannot be combined with cow-
ash products due to their great deposition under the scales,
resulting in accumulation of residues that impair hair
manageability11

Silicone oils protect the hair by coating the shaft with
easily-to-spread thin films. Silicones are globally referred to
as thermoactive heat protectors and there is scientific evi-
dence to confirm this statement.34

Deep Conditioners and Leave-on Products
Protein hydrolysates, silicones, vegetable oils, and cationic sur-
factants are frequently found in deep conditioners and leave-on
products.Deepconditioners areusually lefton thehair for at least
10minutes and may include the additional application of heat
withahairdryerorhot towel.35Theaddedheathelps to lift cuticle
scales and causes swelling of the hair shaft, allowing deeper
penetration of conditioning agents9,34,36–38

Hair Cosmetics and Topical Minoxidil
Though hair stiffness is a common complaint among patients
using topical minoxidil, data about minimizing this cosmetic
effect are lacking. The stiffening is possibly due to extraction
of cuticle free lipids by the alcohol in minoxidil or by the
deposition of the formula components themselves under the
cuticle scales.

In this author’s experience, the application of leave-on
products rich in vegetable oils and/or soluble silicones
directly to the hair fiber surface prior to the use of topical
minoxidil may provide a physical barrier that prevents the
absorption of the topical agents by thefiber. The combination
of both products can be easily shampooed off each morning.
The combination of topical minoxidil with cowash and dry
shampoos may increase residue deposition.

Oral minoxidil is a possible substitute for topical minoxi-
dil; however, additional studies are needed to ensure its
benefit, safety, and efficacy.17,38

Hair Dyes
Many patients with alopecia have a desire to dye their hair.21

Hair dyes can be classified as temporary, semipermanent,
demipermanent, or permanent.20

Fig. 3 The main groups of conditioning agents and their site of action, according to the molecular weight.
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Temporary dyes arewater-solublehigh-molecular-weight
products available as gels,mousses, and sprays that are easily
removed by shampooing. Because they do not penetrate the
cuticle layer they are safer for sensitive hair.20,37

Semipermanent dyes are low-molecular-weight products
that do not require any oxidation for their coloring action.
They last for around eight washes and are minimally dam-
aging to the hair shaft. Of note, they can only darken the hair
to up to 3 shades.20,37

Demipermanent hair dyes are similar to semipermanent
dyes as they do not contain ammonia or ethanolamine, but
have a low concentration of hydrogen peroxide (2%). These
products usually remain present for 10 to 12 shampoos.6

Permanent dyes are the most effective for coloring gray
hair.37 Permanent dyes cannot be washed out by shampoos
or topical minoxidil, but slowly fade fromweather oxidation.
The permanent dyeing is an oxidation reaction that allows
the pigments to get inside the cortex and add color to each
hair shaft. The oxidation reaction requires the combination
of para dyes, including paraphenylenediamine (PPD), para-
toluenediamine, and paraaminophenol, known as the pri-
mary intermediaries, with hydrogen peroxide.20 PPD is
responsible for pale shades and aminophenol is responsible
for dark shades.

To overcome the cuticle and reach the cortex, the product
must have an alkaline pH able to open the scales. Most often,
the permanent dyes use ammonia or ethanolamine to in-
crease the pH. Both substances remove the natural cuticle
lipid, 18-metil eicosanoic acid, which confers hydrophobic-
ity to thefiber. Therefore, although permanent dye provides a
desired long-lasting effect, it also causes more hair damage
compared with nonpermanent dyes.6,37

Hair Bleaching
The primary purpose of bleaching human hair is to lighten
the natural color of the hair. The bleaching process occurs in
the pH range of 8 to 10 and needs ammonia or ethanolamine
and hydrogen peroxide to occur. This process causes signifi-
cant damage to hair.

The lighter the shade of hair, the higher the levels of
ammonia and hydrogen peroxide needed. Bleaching is also
required for permanent hair dyes, even when only small
color increment changes are desired. The process of bleach-
ing removes the 18-MEA and the hydrophobic surface barri-
er, lowering the isoelectric point of hair. Chemical bleaches
weaken the cell membrane complex and oxidize cysteine
residues, effectively dissolving proteins in regions rich in
cysteine and leading to cuticle scale lifting as well as protein
loss.20,37

Patients with alopecia or sensitive hair should be coun-
seled to avoid bleaching.17,22

Hair Straightening
The hair keratinmolecule is held together byweak forces like
hydrogen bonds, strong forces like disulfide bonds, and Van
der Waals forces.35 Each cysteine amino acid is connected to
another cysteine of the neighboring keratin molecule form-
ing a disulfide bond (S-S).39 Ammonium thioglycolate can

break disulfide bonds (S-S) of the cysteine amino acid in the
keratin molecule, separating the two strands of keratin and
weakening the hair. The hair is then rebounded to a straight
shape by firmly pressing it with a flat-iron. To stop the
reaction, a lotion containing hydrogen peroxide is added to
the hair to reconstitute the S-S.

Hydroxide relaxers act differently, though also at the same
S-S of the cysteine residue. They break S-S by removing one
atom of sulfur from the S-S, thereby converting it into a
lanthionine bond in a process called lanthionization.6,39 Side
effects of chemical relaxers are protein loss and decreased
hydrophobicity6,40 (►Figs. 4 and 5).

Formaldehyde is a chemically organic product, most used
in the cosmetic industry in a concentration of 0.2% as a
preservative and 5% as a nail hardener with no hair smooth-
ing effect.6,37 Although forbidden by global health agencies,
application of high levels of formaldehyde is a popular hair
smoothing procedure known as the Brazilian keratin treat-
ment (BKT).41 In BKT products, the formaldehyde binds to
the keratin molecule at the water-hydrogen-broken-bridge
sites, promoting crosslinking of the molecules. The proce-
dure provides smoothing of the cuticles, shine, and frizz
control. It is distinct from the chemical relaxers discussed
earlier and is compatible with highlighted hair.42 Newer
products that contain formaldehyde releasers, such as meth-
ylene glycol and glyoxylic acid, are still not authorized by
global health agencies. The formaldehyde releasers are acti-
vated by heat, usually from a flat iron, which causes dehy-
dration of the molecule and formation of formaldehyde,

Fig. 4 Postthioglycolate hair loss.

Fig. 5 Dermoscopy showing hair shaft flattening and twisting after
the use of thioglacolate. The hair fiber is curved at a 90° angle.
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glyoxylic acid, and glyoxiloyl carbocysteine.43 The flat iron is
applied at a temperature of 230° 15 to 20 times on the same
hair strand and may cause protein loss and hair degradation
if the hair is already damaged.34

Hair Cosmetic Adverse Reactions
Lucca et al44 described that 27% of adverse reactions related
to cosmetics are due specifically to hair cosmetics. Hair
sprays and hair coloring products are associated with lung
damage,while shampoos are related to hair frizz and dryness
with no scalp symptoms reported.44 Malkani et al concluded
that long-term use of hairstyling procedures is related to hair
damage, but not to hair loss.44 Shetty at al reported that
women who underwent repeated chemical hair relaxing
were more prone to present with frizzy hair, dandruff,
thinning and weakening of the hair, hair loss, greying of
hair, and split ends.45

There is a concern regarding the relationship between the
use of hair coloring and hair straightening and a higher riskof
malignancy.14 Personal use of hair dyeswas associatedwith a
nonstatistically significant risk of leukemia.46 The authors
found that increased risk was associatedwith the use of dark
shade hair pigments for 15 years or more, as well as with
cigarette smoking.41 Takkouche et al did not find any associ-
ation between breast cancer and the use of hair dyes, but
Gere et al reported an 18.8% increased risk of future devel-
opment of breast cancer among hair dye users. The authors
suggest a maximum concentration of 2% of PPD, as recom-
mended by the Scientific Committee on Consumer Safety of
the European Commission.41,42Contact dermatitis is another
possible side effect of the hair dyes47 and PPD is the most
common contact sensitizer.48,49 Alternative hair-dye prod-
uctsmaycontain paratoluenediamine sulfate (PTDS) as a PPD
substitute (PPD-free products). Only around 57% of patients
allergic to PPD are able to tolerate PTDS.50

Kraeling et al reported that lawsone could be absorbed
through the skin with mutagenic concerns and should be
avoided during pregnancy and lactation.51

In 2010, aromatic amines and organic dyes were evaluat-
ed by the International Agency of Research on Cancer (IARC).
They concluded that there is a higher carcinogenic risk to
hairdressers, but not to personal users.52

Parabens, phthalates, and toluene are considered possible
endocrine-disrupting chemicals associated with precocious
puberty, higher risk of breast cancer, and obesity. Therefore,
the use of hair dyes in children or pregnant women is not
recommended.53

Cases of neonatal medulloblastoma and cardiac malfor-
mations were also associated with the use of maternal hair
dyes.54–56 A Brazilian study, in 2013, associated the develop-
ment of early-age leukemia to exposure to hair dyes and hair-
straightening cosmetics by the pregnant women.57

Formaldehyde is a possible carcinogenic substance that
can cause contact dermatitis, eye irritation, pain, tearing,
blurred vision, and asphyxiation.34 Long-term inhalation can
cause respiratory tract and central nervous system malig-
nancies.6 Gavazzoni et al reported the development of ecze-
ma-like psoriasiform lesions, located on the scalp of BKT

users, suggesting a drug reaction phenomenon possibly from
formaldehyde absorption.24

Post–Hair Transplantation Recommendations
After hair transplantation, it is essential to follow the sur-
geon’s postoperative instructions to promote the fastest
healing possible. Recommendations for washing the hair
for the first time may vary from 2 to 4 days after surgery
and may include instructions to avoid direct exposure of the
scalp to pressurized water. Following hair transplantation,
regular use of the proper shampoomay result in reduction of
scabbing and erythema. After the swelling and redness of the
acute postoperative phase have subsided, the patient should
be prepared to initiate a new routine of hair care. During
washing, the use of sulfate-free shampoos with caution is
recommended. The frequency of shampooing can be daily or
every other day, depending on scalp oil content and amount
of sweating. Schweiger et al described and encourage the use
of a mild surfactant shampooing regimen.26

Traction alopecia is a possible complication of a long-term
use of inflammatory hair grooming habits such as braids,
extensions, dreadlocks, ballerinas’ buns, and religious prac-
tices, such as those in Sikhism. It is recommended that newly
transplanted hair be handled with extreme care, avoiding
traction and excess of rubbing while washing and combing
(►Table 2).

Conclusions

Among the available hair relaxers, thioglycolate is the best
option as it minimizes protein loss. Hairdryers and flat irons
should be used with care as far as possible from the scalp
skin. Hair stiffness caused by the use of topical lotions, such
as minoxidil, can be mitigated if applied directly to the scalp
and in combination with a leave-on product containing
soluble silicones and vegetable oils. If the hair becomes
dull with excessive residue, a clarifying shampoo should be
used every 15 days. It is important that clinicians educate

Table 2 Recommended routine for post hair transplant

Post hair transplant care

• The use of sulfate-free shampoo is recommended.
• Avoid direct exposure of the scalp to pressurized water

and do gently apply shampoo and conditioner.
• Prefer nonpermanent hair dyes.
• Avoid BKT or hair-straightening procedure.
• Avoid hair bleaching.
• For sebderm (dandruff) treatment, use low-pH sulfate-free
shampoo associated with antifungal agent.

• Before applying topical minoxidil, protect the hair shaft
with leave-on product containing vegetable oils, soluble
silicones, and hydrolyzed amino acids.

• Shampoo every day or every other day.
• Use deep cleansing shampoo every 15 days.
• Virgin vegetable oils should not be applied directly to the
scalp.

• Hair dryers and hot iron should be avoided at the site of
the transplant or applied with caution.
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hair-transplant patients about the safe hair care routine that
will follow the surgery. In the authors’ experience, a safe
routine consists of daily shampooing with sulfate-free prod-
ucts, followed by conditioning rinsing creams rich in hydro-
lyzed amino acids, vegetable oils, and water-soluble
silicones. If dying the new hair is necessary, we recommend
the use of nonpermanent dyes. Bleaching, hair relaxers, and
BKT should be avoided. Traction grooming habits should be
avoided at the site of the transplantation.

Conflict of Interest
None declared.
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