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ABSTRACT

Objective: The aim of this paper is to review the current status and recent progress of the application of novel non-invasive testing
technologies in the diagnosis, treatment, and care of scalp hair diseases in recent years, and to discuss their contribution to the
improvement of scalp hair health management.

Methods: Through a literature review, the principles and current status of application of technologies such as trichoscopy,
microbiological testing, scalp skin physiological function testing, hair physiological index testing, and hair product patch testing,
and their specific roles in the management of scalp hair diseases were systematically sorted out.

Results: Trichoscopic intelligent analysis technology can quantitatively assess the hair growth status and provide an objective

assessment of the efficacy of hair diseases; microbiological testing provides a laboratory reference for the rapid diagnosis of
scalp diseases and clinical use of medication; scalp skin physiological function testing and hair physiological index testing are
essential for a comprehensive assessment of the scalp environment and hair health. The patch test can effectively detect allergenic
substances, which can help to safely select topical drugs and hair care products, avoid medical risks, and facilitate safety evaluation.
Conclusion: Novel non-invasive testing techniques provide powerful technical support for accurate diagnosis, personalized
treatment, and safe care of scalp hair diseases, and show a broad application prospect. Future research should focus on improving
the accuracy and detection efficiency of these techniques to meet the growing demand for scalp hair health management and to

promote the development of this field in a more scientific and refined direction.

1 | Introduction

With the development of society and people’s health awareness,
the health of hair and scalp is getting more and more attention.
Hair health is closely related to physical, mental, scalp, and hair
follicle health, and the detection of scalp and hair physiological
indicators has important clinical and scientific research value.

Common scalp diseases include seborrheic dermatitis, scalp
furuncle, psoriasis, alopecia folliculitis, sensitive scalp, and so
forth. Hair diseases mainly include non-scarring alopecia such
as androgenetic alopecia, resting hair, and pemphigus vulgaris,
as well as scarring alopecia such as lichen planus, discoid lupus
erythematosus, and scleroderma [1]. In addition to relying on his-
tory tracing, clinical examination, and clinical trials, the diagnosis
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of scalp hair disorders is commonly made by non-invasive testing
techniques such as dermatological imaging techniques, microbio-
logical testing, scalp, and hair physiological assays, as well as scalp
hair pathology guided by dermatological imaging techniques.

To retrieve research advances in non-invasive testing techniques
for hair disorders, we searched relevant literature from PubMed.
We used the following search terms in conjunction with practical
clinical scenarios: (“Scalp Diseases” OR “Hair Diseases”) AND
(“Trichoscopy” OR “Fungal microscopy” OR “Skin physiological
function tests” OR “Hair physiological indices” OR “Patch test”).
Only Journal articles written in English and published between
January 1,1984 and July 31, 2024 were included. The subjects were
limited to Medicine and Health and we retrieved 84 articles. The
limited number of studies on the theme is mainly due to a number
of factors. On the one hand, it is difficult to obtain hair samples,
and there are many challenges in microstructural research, as
well as differences in samples at different stages of the growth
cycle, and high technical thresholds for research on cellular and
molecular changes at the microscopic level [2, 3]; on the other
hand, there are limited research resources, and funding tends to
be directed toward research on major diseases such as cancer
and cardiovascular diseases, so there is insufficient funding for
research on hair physiology, and there is a scarcity of specialized
talents in the field, so it is necessary to attract multidisciplinary
talents. In addition, the limitation of clinical application value,
the lack of attention to the correlation between hair problems and
diseases in the past, as well as the limited means of treatment
for hair-related diseases, the difficulty of accurately evaluating
their effects, and the ineffectiveness of therapeutic feedback have
hindered the in-depth development of research on detection
techniques for hair physiology and the growth of its volume [4, 5].

This review focused on scalp hair disorders, specializing in their
diagnostic and follow-up methods. With the development of the
field, there is an increasing variety of testing methods. We aim to
systematize these methods, including diagnostic pathways such
as physical tests and biochemical analyses, as well as follow-up
methods for assessing the condition and efficacy of the disease,
in order to provide guidance for clinical and research purposes,
and to present the current status and trends in the field.

2 | Dermatological Image Detection and Digital
Image Analysis

2.1 | Clinical Application of Trichoscopy in Hair
Diseases

Photography of hair/scalp is an important part of photo-
documenting a patient with involvement in these areas. It poses
its own difficulties and special posing and light requirements.
Today, it is complemented with trichoscopy images (a method
of hair and scalp evaluation that uses dermoscopic images for
diagnosing hair and scalp diseases). Hair/scalp photography is
essential for monitoring alopecia treatments [6]. Trichoscopy,
serving as a non-invasive and efficient auxiliary diagnostic tool,
provides information on the microstructure of the skin surface
at the follicular unit’s orifice, hair shaft morphology, hair root
shape, perifollicular microvasculature, and the condition of the
skin in the hair-bearing area [7]. This method is a commonly

used and straightforward diagnostic technique for hair disorders.
Trichoscopy allows for the observation of various features in
hair diseases, such as variations in hair shaft diameter, follicular
units, hair density, as well as perifollicular signs, enabling
differentiation among various types of alopecia and staging
of the condition. Trichoscopy can also be used to determine
the proportion of hairs in the anagen and telogen phases by
cutting hairs to a length of 1 mm and photographing them
under standard conditions, and repeating the process 1 week
later [8]. Characteristic dermoscopic features of androgenetic
alopecia include hair diameter diversity greater than 20%, brown
perifollicular pigmentation, and a decrease in the anagen/telogen
ratio. During the active phase of alopecia areata, yellow dots,
black dots, broken hairs, and exclamation mark hairs are
observed. These typical dermoscopic features are valuable for the
early diagnosis, differential diagnosis, staging, biopsy guidance,
treatment evaluation, and prognosis of scalp and hair diseases.
Trichoscopy also shows significant advantages in differentiating
common scalp conditions, such as the vascular patterns in scalp
psoriasis and seborrheic dermatitis, providing strong support for
differential diagnosis [9]. Hair microscopy can be used to detect
hair structure, and hair examination can accurately differentiate
conditions such as trichorrhexis nodosa and pili annulati [10].
Regular dermoscopic monitoring of fixed target points allows
for a standardized assessment of treatment efficacy and provides
objective data for adjusting treatment plans. For example, Penha
et al. regularly monitored terminal hair density on the frontal
and vertex regions of the scalp in male patients with andro-
genetic alopecia, comparing the dynamic changes before and
after treatment in the same area of hair loss to assess treatment
effectiveness and they found that the percentile increase of
terminal hair density in the vertex area, oral minoxidil therapy
demonstrated superiority over topical minoxidil [11]. Overall,
the clinical application of trichoscopy significantly enhances
diagnostic and treatment capabilities for scalp and hair diseases.

2.2 | Digital Image Analysis for Hair

With the advancements in computer technology, digital imaging,
and artificial intelligence, modern hair microscopy integrates
digital imaging photography, computer technology, and
computer-aided diagnostic systems to quantitatively assess
and identify the area and characteristics of local target lesions,
offering objective and quantifiable evaluation scores. In the
frontier of hair digital image analysis, leading domestic and
international companies have integrated hair analysis software
into dermoscopic systems, capable of automated analysis of
hair parameters. For example, with the FotoFinder dermoscopy
TrichoScale software for hair growth analysis capable of
analyzing three primary indices under standard hair shaving con-
ditions: hair diameter, number, and density. Additionally, it can
analyze terminal/vellus hair indices, follicular units, and empty
follicles/yellow dots from various perspectives to assess hair
growth conditions (Figure 1). It can be viewed as a modification of
the classical trichogram. It combines standard epiluminescence
microscopy with automatic digital image analysis for the
measurement of human hair. The software quantifies the number
of hairs and the anagen-telogen ratio within one operation. The
use of TrichoScale initially involves shaving a scalp area (approx.
1.8 cm?). After 3 days, hairs in the shaven area are dyed and a
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FIGURE 1 | Evaluation of hair growth by FotoFinder dermoscopy Trichoscale.

digital photograph is taken at 20-fold magnification and saved.
The TrichoScale software works on the basis that telogen hairs
do not grow and uses this as a basis for calculation of the
anagen-telogen ratio [12]. In the international market, there
are other devices such as Canfield that have a similar function
of automatically recognizing and measuring the relevant
parameters of the hair. Domestically, companies with mature
digital evaluation in the hair field, can use artificial intelligence
automatic calculation functions to evaluate the aforementioned
indicators and perform customized target area measurements
based on demand. These technologies can manually mark yellow
dots, white dots, or black dots to achieve quantification of hair
image data.

Objective records with standardized trichoscopy have become
an important component of efficacy trials of hair loss. However,
Van Neste et al. found that such detailed measurement was
developed separately from the global assessment of scalp hair in
the clinic, and they proposed the first calibrated scoring methods
used in clinical dermatology—the new Scalp Coverage Score
(SCS) method and the Hair Mass Index (HMI) abacus, which, in
combination with measurements of hair productivity, can take
advantage of known calibrated test images and standardized
labels, paving the way for future of artificial intelligence and deep
learning research [13, 14]. Although hair digital evaluation is not
yet standardized in China, it provides important references for the
diagnosis and treatment of hair diseases and hair transplantation,
aiding clinical diagnosis, treatment evaluation, and hair research.
In the future, with continuous progress in image intelligent
analysis technology and research, the diagnosis and management
of scalp and hair diseases will become more efficient and precise.

3 | Scalp Microbiota Testing

The scalp and its appendages form a unique ecosystem, where
interactions between fungi and bacteria are essential for main-

taining microbial balance and scalp health [15]. The most
abundant fungi on the healthy adult scalp are the Malassezia
species, including Malassezia restricta and Malassezia globosa,
while the most abundant bacteria belong to the Propionibac-
terium and Staphylococcus genera [16]. Positive Malassezia is a
cause of dandruff and seborrheic dermatitis [17], and accurate
fungal detection methods are relied upon clinically, including
fluorescence staining, KOH wet mount, and fungal culture [18].
Fluorescence staining is widely used in the diagnosis of scalp
fungal infections due to its rapidity, sensitivity, and specificity
[19]. It allows for the observation of the presence of fungal
spores or hyphae on the scalp and the measurement of fungal
quantification, providing laboratory reference for rapid diag-
nosis and clinical medication indications. Fungal culture is
the gold standard for diagnosing fungal infections, identifying
the causative organisms through culture. Fungal testing com-
bined with antimicrobial susceptibility testing can determine
the pathogen’s sensitivity to drugs, offering strong guidance for
clinical treatment.

Traditional bacterial assays usually use a few empirical solid
and liquid media in combination with Gram staining tests
to directly observe the physiological behaviors and phenotypic
characteristics of different bacteria in specific media and in
combination with bacterial cultures as the gold standard for the
identification of bacterial genera [20, 21]. Recent developments
in microbiome technology have led to deeper research into scalp
microbial communities. Studies have found that the relative
abundance of Staphylococcus and Malassezia restricta increases
in areas with dandruff, and bacteria are more closely related to
dandruff than fungi [22]. Scalp microbiological testing is also
significant in the diagnosis and prognosis of other scalp disorders,
which are often accompanied by microbiological imbalance. Lin
et al. found that the presence of Malassezia and Aspergillus
was both found to be potential fungal biomarkers for SD, while
Staphylococcus and Pseudomonas were found to be potential
bacterial biomarkers [23]. Won et al. found that the higher

30f9



proportion of Corynebacterium species and the lower proportion
of Staphylococcus caprae among the Staphylococcus species were
noticed in severe alopecia areata patients compared to healthy
control or mild alopecia areata [24]. Choi et al. identified that
increased diversity of the scalp microbiome and the relative abun-
dance of Pseudomonas are associated with the severity of scalp
psoriasis [25]. In bacterial-associated diseases, Ho et al. found that
Propionibacterium acnes were associated with the expression
of immune-responsive genes in hair follicles and it may be
involved in the pathogenesis of AGA and follicular atrophy [26].
As well as balding folliculitis, a primary scarring alopecia with an
unclear pathogenesis, cotton swab sampling and culture usually
cultures Staphylococcus aureus, and antimicrobial treatments
have a temporary favorable effect in most cases, so that there
is a widespread belief in a link between the bacterium and the
development of the disease [27].

In the 21st century, high-throughput sequencing technologies
have rapidly enabled the discovery of more than 80% of previ-
ously unculturable bacterial species through sequencing, thus
rapidly replacing traditional culture methods. High-throughput
sequencing can be used to reveal features such as composition,
distribution, and metabolic function of skin flora and explore the
correlation between flora and disease, but there is a limitation of
insufficient sequencing depth [28]. High-throughput sequencing
can be used to reveal features such as composition, distribution,
and metabolic function of skin flora and explore the correlation
between flora and disease, but there is a limitation of insufficient
sequencing depth. In contrast, the detailed classification and
specific function of the unknown flora discovered by bacterial
colony culture genomics can tap the diversity of skin flora in
physiological state, and at the same time promote the study
of skin commensal bacterial species and strain level in disease
state, which shows a good prospect in the field of dermatological
research [29].

4 | Skin Physiological Function Testing of Scalp

The ecology of the scalp is closely related to hair health. A healthy
scalp has moderate sebum secretion, no dandruff, lesions, itching,
or odor, and the hair is evenly colored and glossy [7]. Similar
to facial skin, the scalp can exhibit erythema and scaling due
to impaired barrier function, accompanied by symptoms such
as stinging, itching, greasiness, and folliculitis. As age increases,
internal moisture and nutrients on the scalp gradually diminish,
and the skin barrier function declines, leading to symptoms like
dryness and flaking associated with scalp aging. Therefore, testing
scalp skin physiological functions helps to comprehensively
assess scalp health and guide the diagnosis and treatment of scalp
diseases. Currently, testing methods specifically for scalp skin
physiological functions are scarce. Scalp physiological indicators
are not yet mature because of the challenges of obtaining data
from the scalp. Due to the complex anatomical structure of the
scalp, its high hair density, hair follicles deep into the dermis,
and dense distribution, which makes it difficult for many testing
instruments to directly contact the surface of the scalp for
accurate measurement. Factors such as the high sebaceous gland
secretion of the scalp [30], the thickness and elasticity of the
scalp skin, and the relative position of the scalp and the skull
also increase the complexity of data acquisition, making the scalp

even more difficult to fix the detection probe and ensure the
consistency of the depth and range of detection.

Based on research on facial skin aging and the characteristics of
scalp skin, skin physiological function tests used in dermatolog-
ical treatment can be applied to the detection and diagnosis of
scalp skin.

4.1 | Skin Physiological Indicator Detection
Technology

Indicators for skin physiological function testing mainly include
transepidermal water loss (TEWL), stratum corneum hydration
(SCH)), skin hydration levels, skin sebum, epidermal pH, and
skin elasticity.

TEWL is the amount of condensed water that diffuses through
a fixed area of stratum corneum to the surface of the skin per
unit of time, and is the primary indicator for assessing the degree
of skin barrier damage. It is measured using a probe that is
placed in contact with the skin surface and contains sensors
that detect changes in water vapor density [31]. TEWL values
increase when the skin barrier is damaged by physical, chemical,
or pathological factors [32]. SCH is an important parameter for
evaluating the severity and outcome of diseases related to water
loss, with its detection principle based on dielectric constants
to calculate the water content of the skin’s epidermis. Three
electrical parameters are mainly used to reflect SCH indirectly,
including capacitance, conductance, and resistance. When the
stratum corneum’s water content is below 10%, it can lead
to weakened skin barrier function [33]. Measurement of skin
hydration is one of the indicators of skin condition, and it is one of
the main factors affecting the degree and rate of skin absorption.
In recent years, various electronic devices have been developed
to measure it more objectively. These include the Corneometer
(Courage+Khazaka, Cologne, Germany), which measures skin
capacitance, and the DermalLab Combo hydration probe (HP;
Cortex Technology, Hadsund, Denmark), which uses the skin
conductance for the evaluation [34]. Skin sebum prevents water
loss and resists aging. The most commonly used detection method
is the lipid tape method, in which a tape coated with an adhesive
material is applied to the skin, and when oil is encountered, the
light transmittance of the tape is increased, and then the sebum
secretion can be quantitatively determined by an image analysis
program. The epidermal pH is important for maintaining skin
barrier function, and single-glass rod measurement circuits are
by far the most common method of measuring skin surface pH.
Skin elasticity reflects the degree of skin aging. The principle
of measuring skin elasticity is based on suction and stretching,
creating a vacuum on the skin surface to draw the skin into
a specific testing probe. A non-contact optical testing system
measures the depth of the skin drawn into the probe, with
software analysis determining the skin’s elastic properties.

4.2 | Association of Abnormal Physiological
Indicators With Disease

When TEWL increases, the stratum corneum’s water content
decreases, skin hydration is weakened, sebum content is too high
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TABLE 1 | Skin diseases associated with impaired skin barrier.
Indicator Variations Related skin diseases
TEWL High Atopic dermatitis, ichthyosis, psoriasis, eczema, contact dermatitis, and so forth.
SCH Low
Skin hydration Low Itchy, peeling, cracked skin, premature aging, barrier dysfunction, and atopic dermatitis.
Skin sebum High Acne, rosacea, seborrheic dermatitis, and so forth.
Low Psoriasis, atopic dermatitis, ichthyosis, and so forth.
epidermal pH High Dry, itchy, senile, and inflammatory skin diseases.

or too low, epidermal pH is too acidic or alkaline, and the scalp
skin becomes lax or thin, it indicates impaired scalp skin barrier
function and aging. When the skin barrier is defective, it can lead
to a series of symptoms such as dryness, flaking, itching, and so
forth, and in serious cases, it can cause a variety of skin diseases
(Table 1). In clinical treatment, scalp skin physiological indicators
can be tested to assess scalp health and monitor the changes
in indicators before and after treatment to observe medication
effects, guiding treatment plan adjustments and providing a
scientific basis for the diagnosis and treatment of scalp diseases.
Therefore, scalp physiological function testing has important
application value in the diagnosis, treatment, and care of scalp
diseases, with broad prospects for application.

5 | Physiological Indicator Testing of Hair

Hair, composed mainly of keratin, has unique mechanical prop-
erties and structural characteristics. Healthy hair appears smooth
and shiny, without scalp flakes or dandruff, has appropriate
thickness, moderate softness and hardness, good elasticity and
resilience, is dark and dense, and does not exhibit abnormal hair
loss [35]. Hair growth and physicochemical properties vary with
race, gender, age, and can also be influenced by mental state,
nutritional factors, scalp function, systemic diseases, and other
intrinsic factors. Additionally, hair dyeing, bleaching, perming,
UV exposure, and excessive washing can change the hair’s
physicochemical properties. When hair ages, it can show signs
such as split ends, lack of gloss, dryness, thinning, and breakage
[36]. The appearance of hair can reflect its internal physical and
chemical properties, so physiological and pathological testing of
hair can explain the external changes in hair under different
disease states, providing a reference for hair care and personalized
treatment plans.

Common physiological testing content of hair includes mor-
phological features (such as color, thickness, curl, and quality),
physical properties (such as elasticity, extensibility, and strength),
and chemical composition (such as proteins, lipids, moisture,
minerals, and trace elements). Research has shown that hair
performance is closely related to its moisture retention, gloss,
elasticity, and strength [37, 38]. Hair diseases are diverse and
include but are not limited to hair loss, graying, and hair shaft
abnormalities, often accompanied by changes in hair structure
and function, and their pathological manifestations are varied
and complex [39, 40]. Hair physiological indicator testing can
comprehensively evaluate hair performance and explain the
molecular mechanisms behind hair damage, aging, and graying.

5.1 | Microscopic Observation of Hair Shaft

The microscope is a valuable non-destructive analytical tech-
nique for observing the microstructure of hair (Figure 2). Through
optical microscopy, one can observe whether the hair’s pigment
distribution is even and whether the appearance is smooth,
including the presence of nodes. However, optical microscopy
has limited resolution for many subtle structures, and elec-
tron microscopy can provide higher-resolution images of hair
microstructure. Scanning electron microscopy can obtain high-
resolution images of the hair’s outer surface (with a resolution of
about 10 nm) [41], observing the morphology and spacing of the
hair cuticle and cortex, including the number and size of cuticle
loss, cuticle edge integrity, and cortex erosion. Although scanning
electron microscopy can also observe the hair cross-section to
determine protein loss and melanin deficiency [42], it still cannot
fully observe the internal microstructure of the hair. Transmission
electron microscopy can compensate for this by providing ultra-
high-resolution structures (about 0.2 nm resolution) of hair
cross-section images after secondary sampling and staining [41],
such as the electron-dense A-layer, outer and inner keratin layers
observed under transmission electron microscopy [43].

5.2 | Mechanical Property Testing of Hair Shaft

Hair’s mechanical properties include strength, extensibility, and
elasticity, which are important standards for assessing hair
health. Due to the complexity of hair material, its mechanical
properties require multiple indicators and different testing meth-
ods for systematic characterization [37]. The common indicators
for assessing hair’s mechanical properties are tensile properties,
often tested using a single-fiber tensile tester to obtain a hair
stretching curve, with parameters such as breaking strength,
Young’s modulus, and elongation rate used for evaluation. The
higher the tensile strength value, the less likely the hair is to
break. Hair’s extensibility is proportional to its tensile resistance,
while hair elasticity refers to the ability to return to its original
state after being stretched without breaking. Poor elasticity makes
hair prone to dryness and frizz. Hair’s mechanical properties
depend on the structure of hair and the molecular arrangement
of hair keratin. In the chemical bonds and non-covalent bonds of
hair fibers, hydrogen bonds, and disulfide bonds play a crucial
role in maintaining tensile properties, and the content and
changes in keratin’s secondary structure are closely related to
changes in mechanical properties. For example, perming changes
the hair’s internal keratin secondary structure, transforming
the a-helix into random coils, reducing tensile properties [44].
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FIGURE 2 | Microscopic images of healthy black hair in light microscopy (left) and scanning electron microscopy (right).

Therefore, hair’s mechanical properties can also reflect changes
in its chemical structure.

5.3 | Spectroscopic Characterization Techniques
Spectroscopic characterization techniques are important for ana-
lyzing the types and valence states of elements in hair, molecular
structures and configurations, and chemical bond interactions
within materials. They provide molecular-level explanations
and scientific basis for the development of modern hair care
products [45]. Currently, common spectroscopic characteriza-
tion techniques for hair include infrared spectroscopy, Raman
spectroscopy, x-ray photoelectron spectroscopy, and x-ray fluores-
cence spectroscopy. Infrared spectroscopy is the most common
characterization method, where various chemical bonds in hair
can absorb infrared light and produce absorption peaks. Based
on characteristic peaks in the spectrum, different groups such as
peptide bonds, amino groups, methyl groups, methylene groups,
and other functional groups in hair can be identified and used for
quantitative analysis of lipids and keratin. Since hair’s infrared
characterization is unaffected by melanin and requires no special
sample preparation, infrared spectroscopy is the most convenient
method among hair spectroscopic characterization techniques.
Some functional groups, such as disulfide bonds, which are not
prominent in infrared signals, can produce absorption peaks
in Raman spectroscopy, compensating for infrared spectroscopy
limitations and being commonly used in hair spectroscopic
characterization. x-ray photoelectron spectroscopy can accurately
quantify surface elements in hair, mainly simple elements such as
C, O, N, S; x-ray fluorescence spectroscopy has a deeper detection
depth than the former, commonly used to analyze heavy elements
above Na [45].

The combined application of these spectroscopic techniques is an
important means to study the internal structure and molecular
changes of hair. However, currently, hair physiological indicator
testing is mostly used in hair care and hair product development,
and it is relatively rare in clinical treatment. In the future, hair
physiological indicator testing will become more diversified and
precise. On the one hand, it is necessary to delve into the molec-
ular structure and function of hair, revealing the pathogenesis
of hair diseases; on the other hand, it is essential to develop
more efficient and convenient testing technologies for differential
research on hair disease states and physiological states, revealing

the essence of therapeutic effects. Additionally, interdisciplinary
collaboration should be strengthened to apply research findings
in hair physiology and pathology to clinical practice, contributing
more to the hair health industry.

6 | Patch Testing

Patch testing, also known as skin patch testing, is a diagnostic
method to determine the presence of an allergic reaction by apply-
ing suspected allergenic substances to the skin and observing the
skin’s reaction after a certain period. This method is widely used
to diagnose various allergic skin diseases and is the gold standard
for diagnosing allergic contact dermatitis, effectively identifying
contact allergens [46]. Allergic contact dermatitis is very common
worldwide and has garnered global attention. Data indicates that
at least 1%-3% of women are allergic to cosmetics, and allergic
contact dermatitis is very common, affecting one in five people
[47]. Since allergic contact dermatitis has a latency period and
specificity, and most patients are unaware of their allergens,
allergens can be easily overlooked in product use and prone to
recurrence. Identifying the cause through patch testing is an
effective way to prevent allergic contact dermatitis. For instance,
the American Contact Dermatitis Society proposed the clinical
practice model of thin-layer rapid-use epicutaneous testing in
2010, which can test an average of 62 allergens for subjects and is
popular among dermatologists and allergists [48]. It has formed a
commercial model and is being promoted nationwide [49].

The scalp is a common site for contact allergies, with contact
allergens including hair care products, medications, and scalp
contact medical devices. The most common allergens in hair
care products include fragrances, preservatives, hair dyes, and
surfactants, and so on. Isothiazolinone preservatives, widely
used in cosmetics and household detergents, can cause contact
dermatitis despite their low toxicity and have become one of the
main allergens in European countries [50]. P-phenylenediamine
in hair dyes is a common allergen, accounting for 35.8% of allergic
reactions caused by hair care products [51]. In medications,
commonly used topical drugs such as minoxidil solution can
cause local scalp itching, increased dandruff, or dermatitis.
Rungsima et al. found that Minoxidil itself was identified as
the primary allergen in 74.7% of the 99 patients with patch-
test-confirmed ACD to minoxidil-based topical treatments, with
propylene glycol being the next most common allergen at 17.1%.
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Other allergens identified included estradiol, butylene glycol,
methylchloroisothiazolinone/methylisothiazolinone, canrenone,
and latanoprost [52]. Besides drugs, many metals have immuno-
genic activity and can cause certain allergic reactions, with the
most common metal allergy symptoms being nickel/nickel alloy-
induced allergic contact dermatitis [53]. Nickel metal is widely
present in medical devices that directly contact the scalp, such as
smear-type medication applicators and microneedles. It is worth
noting that microneedles are made of diverse materials, including
glass, metal, silicon, and polymers, and patients may have allergic
reactions to specific materials used in microneedles, including
but not limited to metal components [54]. It is evident that
allergenic components in hair care products, medical devices,
and hair treatments such as shampooing, dyeing, and perming is
widespread. Therefore, caution should be exercised when using
such medical devices, assessing the patient’s allergy history and
potential risks, and patch testing is also applicable for the precise
selection of external products for hair diseases.

Given the close relevance of hair care product use to everyone,
with a wide variety of products, diverse sources, and complex
ingredients, it is necessary to guard against the occurrence
of scalp contact dermatitis. With patch testing for hair care
products, protective measures can be taken based on the results
to select products free of allergens, thereby minimizing adverse
reactions. For products with a high sensitization rate that are
essential for use, the results from patch testing with combination
therapies can provide solutions to prevent or reduce irritation
or sensitization. Moreover, patch testing accounts for potentially
sensitizing chemicals in shampoos, hair dyes, perming solutions,
and hair conditioners, assessing their potential for scalp irritation
and allergy, thus aiding patients in identifying allergens and
avoiding products with irritating or sensitizing components. In
summary, patch testing for hair care products, as an effective
method for detecting scalp allergens, plays a significant role in
the diagnosis and treatment of hair disorders. Conducting patch
tests for hair care products can help select safe drugs and hair
care products to prevent or reduce irritation or allergies, offering
patients more precise, and personalized solutions, improving
treatment outcomes and patient satisfaction, and supporting the
health management of patients with hair conditions.

7 | Conclusions

This article comprehensively reviewed the application of novel
non-invasive detection techniques in scalp and hair disorders,
highlighting their pivotal role in disease diagnosis, treatment, and
care. Trichoscopy, with its non-invasive and efficient attributes,
offers intuitive and precise evidence for the diagnosis of hair
disorders, demonstrating remarkable advantages particularly in
differentiating alopecia types, evaluating therapeutic responses,
and managing health outcomes. Direct microscopic examina-
tion of the scalp for fungi enables visual assessment of fungal
infections affecting scalp hair, while direct immunofluorescence
clearly identifies fungal spores or hyphae. Furthermore, micro-
bial culture combined with drug sensitivity testing facilitates the
identification of pathogenic microorganisms and corresponding
sensitive antibiotics.

The importance of testing scalp skin’s physiological functions
cannot be overlooked in comprehensively evaluating scalp health

status and barrier function. The detection of hair growth phys-
iological indicators provides a multidimensional assessment of
scalp and hair health. Patch testing for hair care products effec-
tively screens for sensitizing agents, aiding in the safe selection
of hair care products and topical medications, thereby mitigating
medical risks and contributing to the safety evaluation and
quality control of these products.

In conclusion, the continuous innovation and refinement of novel
non-invasive detection techniques have introduced novel per-
spectives and strategies for the diagnosis, treatment, and health
management of scalp and hair disorders. Although scalp skin
physiological function testing and hair growth physiological indi-
cator assessment are yet to achieve widespread clinical adoption,
their significance in comprehensively and multi-dimensionally
assessing scalp and hair health cannot be underestimated. Future
research should delve deeper into exploring the applications of
these novel non-invasive techniques in scalp and hair disorders,
enhancing the standardization, digitization, and intelligentiza-
tion of scalp and hair health assessments. Ultimately, this will
propel the development of scalp health management practices.

8 | Limitations

References to works done in Asia only is a limitation, which
might narrow the research perspective and affect its general-
izability given the unique regional context. Additionally, due
to space limitations, not all retrieved research results could be
incorporated, potentially compromising the comprehensiveness
of the literature review and related discussions. Despite these
drawbacks, the study still provides valuable insights within its set
scope. However, future research that encompasses a more diverse
range of references and includes all relevant results is essential
to strengthen the overall quality and applicability of the work.
The article only outlined various non-invasive testing techniques
without comparing them to traditional testing methods, and the
failure to address potential challenges in clinical practice, such as
cost and accessibility, are also limitations of this article.
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