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ABSTRACT

Damage caused by chemical, physical, and thermal procedures can disrupt the natural morphological
characteristics of the hair, causing the strands to become dry, dull, weak, and brittle. The objective of this
article was to update dermatologists on the methods available for assessing hair shaft damage. The main
laboratory (microscopy, tensile strength, structural assessment, physical and mechanical properties) and
outpatient (diagnostic tests and patient history) diagnostic methods for evaluating the quality of the hair
shaft are presented.

Keywords: Hair; Dermatology; Keratins.

RESUMO

Os danos causados por procedimentos quimicos, fisicos e térmicos podem atrapalhar as caracteristicas morfolégicas
naturais do cabelo e levar a uma ma condigdo, fazendo com que os fios fiquem secos, sem brilho, fracos e quebradigos.
O objetivo deste artigo ¢é atualizar o dermatologista quanto das formas de avaliagdo disponiveis para compreensao dos
danos da haste capilar. Foram apresentadas as principais metodologias diagnésticas laboratoriais (microscopia, tragdo a
ruptura, avaliagdo estrutural, propriedades fisicas e mecanicas) e ambulatoriais (provas diagnosticas e anamnese) para
avaliagao da qualidade da haste capilar.

Palavras-chave: Cabelo; Dermatologia; Queratinas.
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INTRODUCTION

The study of hair has been one of the most impacted
by advances in diagnostic techniques in Dermatology over the
last 20 years. A deeper understanding of alterations to the scalp
and hair shaft has led to major developments in diagnosis and
therapeutic approaches. New entities have been recognized and
reclassified with dermoscopy and the new histological cross-sec-
tions applied to scalp.' Hair has multiple functions, mainly physi-
cal protection, thermal insulation, camouflage, sebum dispersion,
and sensory perception. It affects quality of life, attractiveness,
and self-esteem in contemporary human society.?

This review aims to update dermatologists on labora-
tory and outpatient diagnostic methodologies for the hair sha-
ft. Evaluating the microscopic, dermoscopic, biochemical, and
molecular characteristics of hair fibers allows for a better un-
derstanding of the biological processes related to the aging pro-
cess, disorders of hair shaft keratinization, external damage from
chemical treatments, and the ability to recover from aesthetic
treatments.”

Hair structure

The hair fiber is extremely resistant and has three main
morphological constituents: cuticle, cortex, and in some cases,
medulla (Figure 1). Overlapping flat, scale-like structures sur-
round the central core of the fiber, such as a thick, chemically
resistant protective layer called cuticle. The cuticle prevents the
cortex from external environmental damage.*

The protection of hair shaft against environmental and
chemical damage begins with the adherence and organization of
the cuticular cells. A thick, chemically resistant protective layer is
responsible for the shine, resistance, and combability of hair shaft.
The human cuticle has around six to eight layers and is made up
especially of keratinized cells (80%), structural lipids, and prote-
ins associated with keratin with a high Sulphur content.” The
greater the alignment and integrity of the cuticles, the better the
softness, shine, and frizz characteristics. Cuticle cells are classified
into the epicuticle, which is more external and hydrophobic,
followed by the exocuticle, which has the greatest mass (55%),

and the endocuticle, which has the capacity to absorb water.>
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The cortex accounts for most of the hair fiber’s mass
(75%) and plays a significant role in determining the fiber’s in-
trinsic strength and mechanical resistance. The a-helix proteins
in the cortex are held together by chemical bonds such as ionic
bonds, hydrogen bonds,Van der Waal bonds, and disulfide brid-
ges. In this region are the melanin granules which provide the
color properties of the hair.” The cuticular membrane complex
(CMCQ), responsible for cohesion between cortical and medul-
lary cells, is rich in 18-methyl eicosanoic acid (18-MEA), pro-
viding hair with hydrophobicity and lubrication with reduced
friction between the hair fibers.®” A reduction in this lipid is
related to hair fiber degradation and protein loss.

More internally, and not always present, is the medulla,
a cellular vacuole located in the central part of the hair fiber.
Several studies correlate the presence of the medulla with an
increase in capillary diameter. Structurally, medullary cells are

cortical cells together with melanosomes.”'

Hair analysis

The hair fiber is produced by the hair follicle and any
change in the follicle can have repercussions on its structure and
quality.'! In routine outpatient evaluation, hair shafts can under-
go external and internal changes due to various factors (Table 1).

Hair fibers can be assessed by various clinical and labora-
tory methods. Clinical methods have a diagnostic purpose in the
treatment of hair shaft alterations, allowing for outpatient der-
matological evaluation. They allow the evaluation of hair shaft
complaints due to internal and external factors. They are perfor-
med in the routine dermatological examination, which includes
anamnesis, physical examination (pull test), dermoscopy, and the
rapid protein loss test (also considered a laboratory test).'

Laboratory methods can identify damage and the res-
ponse to cosmetic products in the hair fiber and can be conduc-
ted on both strands of hair and standardized strands. Cosmetic
industry uses these methods as parameters for product develop-
ment, as they allow physical and chemical characteristics of the
hair shaft to be assessed and external damage caused by external
agents to be graded.”' They include various forms of micros-

FIGURE 1: Follicle
structure and its
components
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Table 1. External and internal factors inducing stem changes

External factors

Internal factors

*  Weathering:
ultraviolet radiation, salt and water immersion, exposure to
cleaning products, exposure to pollution and smoking.

e Thermal damage:
hair dryer, hair straightener, curling irons and rotating
brushes.

*  Physical damage:
combing, special styling traction, rotating brushes.

*  Chemical damage: dyes, bleaches, perms, and straighteners.

e Inflammatory diseases of the scalp: psoriasis and seborrheic
dermatitis.

e Inflammatory diseases of the hair follicle: alopecia areata,
lichen planus pilaris, and folliculitis decalvans.

e Use of chemotherapy drugs, acitretin, valproate.

»  Systemic metabolic and deficiency diseases.

*  Smoking.

*  Nutritional deficiencies: trace elements, proteins, and
nutrients.

copy, combined with optical coherence tomography, which vi-
sually assess the structure of the hair shaft. Spectroscopy techni-
ques, assessment of protein loss, and tryptophan quantification
evaluate the stem from a structural point of view. Color and
gloss assessment, thermogravimetric analysis, measurement of
mechanical strength (traction), combability and elasticity assess
the physical properties of the stem.*!*!5

Outpatient methods

Clinically, the hair shaft can be assessed by exploring the
macroscopic properties via clinical examination, from the root
to the distal end. The longer the hair, the greater the exposure to
external damage. A number of factors are involved in the deve-
lopment of hair shaft alterations. Correct diagnosis can be com-
plex and requires a detailed clinical history, especially focused on
routine hygiene care, chemical treatments, use of heat sources
for drying, and daily environmental exposures. Epidemiological
characteristics, such as age and sex, should be considered in this
assessment.

The anamnesis should address the onset, duration, and
nature of the complaint; personal and family history, use of
inappropriate cosmetics, medications (chemotherapy, retinoids,
among others) and protein-restricted diets. During the exami-
nation, other hairy areas should be assessed, such as eyebrows and
body hair, which can show alterations in systemic diseases and
hair shaft abnormalities. Examination of the nails can help diag-

nose neuroectodermal dystrophies and inflammatory alopecia.'

Diagnostic tests

‘When excessive hair loss is identified by counting the
hairs shed daily, the collected hairs can be analyzed under a mi-
croscope and classified according to diameter, indicating possible
damage to the fiber.!""

The tug test is a simple technique used to assess hair fra-
gility. Some hair strands are held, and a traction force is applied
to the end of the hair shaft with the other hand. Breakage of the
hair shaft during the test indicates fragile hair and abnormalities
in the hair shaft.'>"”

Growth rates can be measured by scraping a small area
of the scalp, which acts as a growth window. Expected growth
is around 0.3 cm in a week, or an average of 1.0 cm per month.
Growth rates vary between races: African hair has the slowest
growth rate (0.9 cm/month), Caucasian hair grows at a rate of
around 1.2 cm per month and Asian hair outperforms the other
types, with a growth rate of 1.3 cm per month."™

The use of dermoscopy on the scalp has been incor-
porated into daily practice due to its practicality and potential
to minimize the need for invasive examinations. It is useful in
various diseases, from pediculosis and hair shaft anomalies to
differentiating scarring and nonscarring alopecia. It can be per-
formed using a traditional dermatoscope with polarized light, a
videodermatoscope with polarized light or in association with
computerized hair analysis.'®"

The traditional 10x dermatoscope is used in routine der-
matology; however, the findings of this modality are limited in
the study of the hair shaft. Dermoscopic examination of the hair
shaft can be performed with or without gel application at mag-
nifications of up to 300x. Trichoscopy without immersion has
proven useful for analyzing distal characteristics such as fractures
and other disorders of the hair shaft, such as trichorrhexis no-
dosa.'®"

Alterations to the hair shaft can be evidenced by the tri-
chogram. This technique easily assesses the proportion of vellus
and terminal hairs and capillary density, and is useful for monito-
ring and evaluating patients’ therapeutic response.'®!"”

It is crucial to detect the first change in the protein in
order to avoid more drastic changes in the hair’s properties.
Suggesting its protection would also ensure that the hair’s phy-
sical properties, such as resistance and elasticity, are preserved
against daily harmful exposure.?’

A new methodology available is the rapid protein loss
test, which uses a chromogenic reagent to quantify total protein.
It is based on a conversion of ions that provide the result based
on a colorimetric scale according to the amount of protein ex-
tracted from the patient’s hair in just 25 minutes.”"** This test
has been adopted as a valuable technique by dermatologists and
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trichologists in the evaluation of the hair shaft, creating new pos-
sibilities for the doctor, allowing a solid and complete diagnosis
of the hair shaft,?"** and directing to more specific and effective
treatments.

All these clinical assessments can be complemented by
laboratory evaluations, histopathological studies of the hair shafts
and scalp biopsies for a general assessment of the patient’s hair
system.

Laboratory evaluation

Currently, several laboratory techniques can be used to
assess the quality and condition of the hair fiber. Microscopy
combined with optical coherence tomography allows the struc-
ture of the hair shaft to be studied visually. Spectroscopy and
protein evaluation methods assess the shaft from a structural
point of view. Studies of color, gloss, thermogravimetric analy-
sis and measurement of mechanical strength (tensile strength),
combability and elasticity allow a correlation to be established
with the physical properties of the stem.>'*!>

Routine external damage to the shaft can affect its me-
chanical and structural properties by weakening the hair fiber.”
Cumulative exposure to these factors leads to keratin denatura-
tion, degradation of cortex components, rearrangement of disul-
fide bonds and reduced resistance due to loss of cortical protein,
thus resulting in alterations in laboratory tests."

Microscopic and tomography examinations are subjecti-
ve but have advantages such as the use of hair strands and stan-

dardization of tests. Table 2 shows the characteristics and objecti-
ves of the microscopic tests available in laboratories to assess hair
fibers and related damage.

Structural assessment

The structure of the hair shaft is mainly made up of pro-
teins, providing resistance to the fiber. In the cortex, they make
up 80% of the protein mass of the hair shaft. Spectroscopic and
protein loss assessment methods allow structural correlation with
the hair shaft.>'"> Currently, several methods have been suggested
for quantifying hair protein; however, no method is considered
universal. Spectroscopic methods are based on the absorption
and emission of electromagnetic radiation on molecules, which
occurs due to the movement of electrons between their energy
levels.® Spectrophotometric methods are described in table 3
and their main objective is to assess hair shaft damage due to
chemical treatments and physical wear. The technique is used
to investigate the mechanism that promotes a reduction in the
tensile strength of human hair after the use of chemical treat-
ments that modify the shape of the strand, such as wavy hair that
has undergone treatments known as perming; the chronological
alterations of the keratin in the fiber of virgin hair with the pro-
cesses of aging; the influence of chemical treatments that pro-
mote reduction, heating and oxidation in the keratin of the hair;
and the structure of the virgin white hair shaft (hair graying) that
has been subjected to the permanent straightening process.>”*
It can be applied in hair research when it is necessary to analy-

TABLE 2. Microscopic and tomography methods used in capillary assessment
Method

Visualization

End

Conventional microscopy

Surface magnification (20 to 70x).
Associated with polarized light, it makes it
easier to see structural alterations.®

Damage to the cuticle of the hair fiber.
Allows assessment of fiber thickness and
occasional observation of the medulla.’

Scanning electron microscopy
(SEM)

Surface of the fiber by scanning it at 250
to 5,000x with focused electron beams.'>*

Topography and composition of the
sample surface. Accumulation of particles
in the fiber’s outer layers and
incorporation of cosmetic actives.
Structural and morphological changes
to the fiber.”

Transmission electron microscopy
(TEM)

Transmission of electron beams in
ultrafine samples. Interaction of the sam-
ple’s constituents as it passes through it.*

Fine structures and morphological
changes in hair fibers.?

Atomic force microscopy (AFM)

Surface scanning of the sample
with atomic resolution.”

Fiber tension and particle deposition,
structural and morphological changes
in the fiber.'"?

Optical coherence tomography
(OCT)

High resolution of internal structures
per section.®>-

Internal microstructures of the rod and
changes in the morphology and
structure of the damaged fiber.>**
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Table 3. Spectrophotometric methods and their characteristics

Method

Characteristics of the technique

Objectives

Infrared (IR)

Absorption of infrared radiation (700 and 50,000
nm) of the electromagnetic spectrum.®

To evaluate physical properties and changes
in hair fiber structure and morphology.’

Raman High-resolution photonic technique with direct Chemical and morphological data of the
measurement of energy through the oscillation of  fiber.To evaluate indirectly the tensile
photon emission.” strength of the hair and the loss of

protein from the shaft.”*%
Photoluminescence Absorption of light by photoexcitation. Electrons Photodegradation damage. Degradation of

in different structural states are excited in different

ways.?’

internal hair structures by solar radiation and
the effects of photoprotective cosmetics.”

Diffuse reflectance
coefficient of the sample.'?

Energy reflectance and absorption and scattering

To evaluate shine and color of the hair fiber,

virgin or altered by hair products. >'*!

TABLE 4: Methods based on the loss of proteins and amino acids, their characteristics and limitations

Method

Characteristics of the technique

Limitations to the results

Reaction to reduce a protein previously

Lowry "

cavitation, forming a blue solution.

treated with copper in an alkaline medium.
Copper binds to the amino acids released by

Interference from lipids, surfactants,
ammonium sulphate and ethanol.
Ammonium thioglycolate and
thioglycolic acid, in an alkaline medium,
alter the reaction.

Bond between high molecular weight protein

Bradford *°

by heating.

and Coomassie dye, released

The quality of the dye can interfere with
the reaction: absorptivity and degree of
purity of the dye.

Not recommended for low molecular
weight proteins.

The amino acids released from the hair are

BCA ™

reduced by cavitation with the copper ion,
forming a colorimetric reaction.

Reducing agents (residues in the hair)
may generate inadequate results.

Alkaline digestion with degradation of the

Quantifying tryptophan *'

acid tryptophan.

protein structure and release of the amino

Useful test for assessing wear and tear
from ultraviolet radiation, but not very
sensitive to other wear and tear.

Protein fractions are isolated by migration

Protein electrophoresis *

molecular weight.

in the gel according to electrical charge and

Despite its low cost, technical difficulties
can lead to nonspecific results.

ze physical properties, such as moisturizing action, changes in
the structure and morphology of the hair fiber promoted by
treatments such as bleaching and hair pigmentation.'*'® Another
application of the technique is the study of the effects of solar
radiation on the degradation of internal hair structures or the
efficiency of using photoprotective hair cosmetics.?

Exposure of the hair fiber to physical or chemical aggres-

sion makes it susceptible to a large number of structural changes,

including its protein composition. With the loss of cortical mass,
aesthetic changes occur, such as porosity, frizz, and reduced resis-
tance. Protein loss can be assessed by various quantitative tests of
amino acids and proteins extracted from the hair.">*2

The success or failure of protein quantification depends
on the quality of the analytical process used to characterize the
samples. Table 4 shows the main methods for quantifying hair
fiber proteins and amino acids (Figure 2).
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Table 5: Physical and mechanical property analysis methods for hair fibers

Methods

Characteristics of the technique

Objectives

It evaluates the physical properties of the sample

in a controlled program of temperature and time

Thermal analysis

obtained using thermogravimetry, exploratory

under specific conditions. Differentiations can be

To identify the presence and quantify the

benefits of thermal hair protectors.?*

calorimetry, or thermomechanics.*

It identifies crystalline structures present in the

X-ray diffraction

sample and can distinguish between various

To identify structural changes occurring
in fibers due to wear.”

components.**

Combability and friction

It assesses fiber resistance to friction.?

To define fiber quality and cuticle
organization.
To evaluate softness, shine, and frizz.>

Tensile strength

It quantifies the elastic and plastic properties of
the fiber by means of an exerted tensile strength.*

To observe the strength of the hair fibers.
To indicate the condition of the cuticular

and cortical cells.?”'*1>

Brightness

It observes the direction of the dissipated light.>

To identify the quality and organization
of the cuticular cells.?®

A & B OH o,
c 510 min » - 5
{ £ Incubada & v L4
a7°C Ly 0
i . " 5 o +Co? o Complexo
Proteina + Coomassie azul brilhante D Proteina -Cu (T)
o
" = Coomassie - Complexo A "
proteico N Complexe proteico proteico “y—— | Folin-Ciocalten
: OH
a. Ensaio de Bradford b. Ensaio de Lowry
c’ i ol oy
: &
et i
= Cu®' - Complexo o+ Molécula
Proteina Cu(l) IBCA

FIGURE 2: Characteristics of

Complexo 7 2BCA-Cu
Ao protein loss tests.
a) Bradford;
b) Lowry;
¢. Ensaio de BCA c) BCA
Physical and mechanical properties CONCLUSION

The mechanical strength of the hair fiber can be assessed
using methods based on its elastic and plastic properties, using a
tension force. The plasticity of the hair fiber allows it to extend
by about 2% of its original length. As the load exerted on the
fiber continues, the plastic phase begins, and the hair stretches
approximately 25 to 30% of its length before breaking.** Table 5
summarizes the methods of physical analysis of the hair fiber.

This article presents the main hair fiber assessment te-
chniques that the cosmetics industry and research centers use,
which are still not very accessible or well known in the derma-
tological field.

Currently, new technologies have been highlighted in
the outpatient dermatology field, complementing the assessment
and diagnosis of hair health, allowing for a better understanding
of disorders and damage to the hair shaft, leading to more speci-
fic and effective treatments. ®
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