Journal of F
(85 Clinical Medicine ml\D\Py

Review

Alopecias: Practical Tips for the Management of Biopsies and
Main Diagnostic Clues for General Pathologists
and Dermatopathologists

Fernando Pinedo-Moraleda 1'*(0, Belén Tristan-Martin 2’ and Giulia Greta Dradi 3

check for
updates

Citation: Pinedo-Moraleda, F.;
Tristan-Martin, B.; Dradi, G.G.
Alopecias: Practical Tips for the
Management of Biopsies and Main
Diagnostic Clues for General
Pathologists and
Dermatopathologists. J. Clin. Med.
2023, 12, 5004. https://doi.org/
10.3390/jem12155004

Academic Editor: Stamatis Gregoriou

Received: 6 July 2023
Revised: 21 July 2023
Accepted: 27 July 2023
Published: 29 July 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Pathology, Hospital Universitario Fundacion Alcorcon, 28922 Alcorcon, Spain
Department of Pathology, Hospital Nuestra Sefiora de Sonsoles, 05004 Avila, Spain;
btristan@saludcastillayleon.es

Department of Dermatology, Hospital Universitario Fundacion Alcorcon, 28922 Alcorcon, Spain;
giuliagreta.dradi@salud.madrid.org

Correspondence: fernandojavier.pinedo@salud.madrid.org

Abstract: Accurately diagnosing specific variants of alopecia remains challenging for pathologists,
potentially delaying appropriate therapeutic decisions by dermatologists. Issues such as limited
knowledge on optimal biopsy types and processing methods add complexity. Understanding the
normal histology of hair follicles and their changes throughout the follicular cycle further complicates
microscopic evaluation. This paper aims to summarize these characteristics and highlight essential
diagnostic clues for pathologists to confidently suggest a diagnosis, therefore playing a key role in
alopecia diagnosis. Ongoing education, collaboration with dermatologists, and staying up to date
on advancements is crucial for the accurate diagnosis and effective management of different types
of alopecia.
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1. Hair Types

Hair loss poses a significant health concern for individuals affected by it. Not only
does it impact their appearance but it also indicates underlying health issues, such as a
heightened risk of coronary artery disease, hypertension [1], prostate cancer [2], and, more
recently, a poorer prognosis for COVID patients [3,4]. Consequently, hair biopsy presents a
challenge for pathologists, both general and dermatopathologists. The primary purpose
of this article is to provide a comprehensive overview of the key aspects concerning hair
follicle histology and the follicular cycle and offer practical guidance on managing hair
biopsies. Additionally, the article aims to equip pathologists with the essential parameters
for diagnosing the most common types of alopecia, hopefully enabling them to approach
these biopsies with more confidence.

Hair can be classified into three types [5,6]: lanugo, vellus, and terminal hair. Lanugo
hair is a fine and soft hair that covers the fetus during development and typically disappears
after birth. Vellus hair is short, measuring less than 1 cm in length, and its hair bulb is found
in the upper dermis. The diameter of vellus hair shafts is less than 0.03 mm, with an internal
root sheath that is either equal to or larger than the shaft diameter, and it lacks a medulla.
Terminal hair, on the other hand, is long, measuring greater than 1 cm in length, and its
hair bulb is located in the subcutaneous tissue. Terminal hair shafts have a diameter greater
than 0.06 mm and are thicker than the internal root sheath possessing both a cortex and a
medulla. Intermediate hair, with a diameter ranging from 0.03 to 0.06 mm, is considered
part of the terminal hair group.
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From a functional perspective [5], terminal hair can be further categorized into
androgen-dependent areas (scalp, beard, chest, axillae, and pubic region) and androgen-
independent areas (eyebrows and eyelashes). Vellus hair, on the other hand, is not influ-
enced by androgens and is independent of its effects.

2. Hair Follicle Histology (Figure 1) [5,7-10]

Hair follicles consist of two main components: the upper segment, also known as the
permanent or fixed segment, and the low segment, referred to as the transitory or mobile
segment. The superior segment can be further divided into two parts: the infundibulum
and the isthmus. The infundibulum extends from the opening in the epidermis to the point
where it passes through the sebaceous duct. The isthmus begins at the insertion point of
the arrector pili muscle and widens into a region called the bulge, which houses the hair
follicle’s stem cells. The low segment of the hair follicle is divided into two sections: the
trunk (stem) and the bulb. The trunk (stem) extends from the insertion of the arrector pili
muscle to the end of the cornified part of the bulb. Beyond this point, every cell in the bulb
becomes completely keratinized, lacking a nucleus (known as Adamson’s fringe A). The
bulb, located below this region, stretches from the end of the cornified part to the base of
the hair follicle.

-~ Low segment

Papilla

Figure 1. Histology of the hair follicle: vertical (left) and horizontal (right) sections. Red square:
upper segment; blue square: low segment. The horizontal sections on the right correspond to the
sectioning point marked by the line.

When examining a hair follicle in horizontal sections, which is crucial in the diagnosis
of alopecia, several key structures can be observed. The bulb of the follicle contains the
dermal papilla, which is responsible for providing blood supply and nutrients to the hair
follicle through a central capillary. Additionally, the bulb consists of progenitor cells,
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dendritic melanocytes, the three layers of the internal hair sheath (Henle’s layer, Huxley’s
layer, and the cuticle), the external root sheath (initially composed of one layer), and the
vitreous membrane (basement membrane). At the higher levels of the follicle, a hair shaft
consisting of three layers becomes visible: the cuticle, cortex, and medulla. The layers
of the internal hair sheath merge into a single, fully keratinized layer, while the external
root sheath increases in layers. In the upper layers of the trunk, the internal hair sheath
undergoes desquamation (shedding), and the external root sheath becomes keratinized. At
the level of the infundibulum, the hair follicle exhibits a degree of keratinization similar
to that of the epidermis, characterized by a distinguishable granular layer and stratum
corneum.

3. Hair Cycle (Figure 2) [5,8,9,11]

The only part of the hair follicle involved in the hair growth cycle is the lower segment.
On the scalp, approximately 85 to 100% of hairs are typically found in the anagen phase,
which lasts between 2 and 7 years. Hair follicles found in this phase correspond to the
previously described histological features. When the hair follicle enters the catagen phase
(which accounts for about 1% of hairs on the scalp, lasting around 2 to 3 weeks) it is
characterized by the apoptosis of matrix cells, followed by thinning of the inferior segment.
The vitreous membrane and the lower portion of the hair shaft thicken, while the hair
becomes surrounded solely by the external root sheath, creating a “club hair” appearance.
After the resting phase of the hair (telogen) is completed (which represents 0 to 15% of
hairs on the scalp and lasts approximately 100 days), a new hair starts to replace the old
one, initiating a new anagen phase.

Anagen phase Catagen phase Telogen phase

Figure 2. The hair growth cycle.

4. Adequate Hair Biopsy

Effective collaboration between dermatologists and pathologists is crucial in the as-
sessment of skin biopsies, including those related to hair disorders. For a pathologist
to accurately evaluate the biopsy, a detailed medical history and physical examination
findings must be made available. This ensures a comprehensive diagnosis of the patient’s
condition. Additionally, determining the appropriate biopsy site is essential for an accurate
diagnosis. In cases of scarring alopecia, the biopsy should be taken from the active border of
hair loss where inflammatory processes are present. If the biopsy is taken from the central
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part of the alopecia, it may only reveal cicatricial tissue replacing the hair shafts, making
it difficult to determine the underlying cause. In non-scarring alopecia, it is important to
identify and biopsy the active zone of the lesion. In cases of patchy alopecia, biopsies from
the border are preferable, while in cases of diffuse hair loss, it is advisable to biopsy an area
with a positive hair pull test [6,12]. For an optimal evaluation by a pathologist, the ideal
biopsy should consist of two punch biopsies, each measuring 0.4 cm and taken obliquely,
along the path of the hair follicle. These biopsies should extend into the subcutaneous
tissue to enable a proper assessment of the hair bulb in terminal hairs. Smaller biopsies
often do not provide sufficient material for an accurate diagnosis, while larger excision
biopsies do not yield additional information and can be more challenging to process.

The availability of two 0.4 cm cylinders enables differential processing of the biopsy
samples, allowing for both vertical (longitudinal) sections and horizontal (transverse)
sections (Figure 3) [13-15]. Vertical sections are particularly useful for evaluating the
epidermis and the dermoepidermal junction, which is important in conditions such as
alopecia in the context of lupus erythematosus. This also facilitates the inclusion of a section
for direct immunofluorescence study in cicatricial alopecia [16] (Figure 3). However, this
technique may result in a lower number of observable hair follicles.

(@) (b) (o)

Figure 3. Direct immunofluorescence. Vertical sections: (a,b): Lupus erythematosus: (a) IgG granular

deposits at the dermoepidermal junction (arrow) (IgG x100) and (b) at the interface between the der-
mis and the follicular epithelium (arrow) (IgG x200). (c): Lichen planopilaris: Necrotic keratinocytes
(Civatte’s bodies) positive for IgM (star) (IgM x100).

Horizontal sectioning, introduced by Headington in 1984 [17], allows for the evaluation
of a greater number of hair follicles and enables the assessment of changes at different
levels of the hair follicle [18]. At the infundibular level, follicular units can be observed.
These units consist of three to five terminal hairs, one or two vellus hairs, the sebaceous
gland, and the arrector pili muscle. Follicular units serve as the basis for the hair transplant
technique known as follicular unit extraction (FUE). In the deep reticular dermis, terminal
hairs are scarce, and only isolated vellus hair bulbs are visible. In the subcutaneous tissue,
anagen-phase terminal hair bulbs can be observed, as well as the characteristic follicular
stelae, typical of hairs in the telogen phase.

Several histochemical techniques can be employed in the evaluation of alopecia speci-
mens, and some of them are particularly noteworthy [19]. Periodic acid-Schiff (PAS) and
Grocott stains are used to assess alopecia in the context of fungal infections. These stains
help visualize the presence of fungal elements within the hair follicles and surrounding
tissues. Giemsa stain is utilized to enhance the visualization of premature desquamation
(shedding) of the internal root sheath. This can be helpful in identifying specific patterns
or abnormalities related to the hair follicle’s structure. Stains used for evaluating elastic
fibers [20] (orcein and van Gieson) are valuable in identifying patterns that are character-
istic of scarring (cradle cap scar in lichen planopilaris, cylinder-like in central centrifugal
cicatricial alopecia, etc.). For some authors [21], polarized light microscopy is a useful tool
in differentiating scars in cicatricial alopecia (which exhibit polarization) from the fibrous
trails observed in androgenetic alopecia (which do not exhibit polarization). Other histo-
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chemical techniques made popular in recent years which are worth mentioning include the
use of CD3 [22,23] (Figure 4) to identify T lymphocytes in long-standing alopecia areata,
the use of CD123 [24,25] (Figure 5) to detect aggregates of plasmacytoid dendritic cells in
cases of lupus erythematosus, and the use of the antitreponemal antibody staining in cases
of alopecia associated with syphilis infection.

(b)

Figure 4. CD3. Alopecia areata: Positive T lymphocytes in the follicular streamers and peribulbar
(arrows). (a) Vertical sections (CD3 x100); (b) horizontal sections (CD3 x100).
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Figure 5. CD123. Lupus erythematosus: Positive aggregates of plasmocytoid dendritic cells.
(a) Vertical sections (CD123 x40); (b) Vertical sections: (CD123 x200) (arrows).

Upon receiving the two biopsies, it is essential to ensure that both extend to the
subcutaneous tissue. If one biopsy is superficial, the deeper one will be selected for
horizontal sectioning. This selected specimen should be subjected to two cuts [18]: one just
beneath the epidermis, approximately at the infundibulum, and the other at the junction
between the deep reticular dermis and the subcutaneous tissue, resulting in three smaller
specimens. The superior one should be marked with ink at the apical pole. As for the
two inferior discs, they should be marked at the caudal pole and inserted into the cassette
facing down (Figure 6). This approach allows for the progressive sectioning of the superior
discs (from deep to superficial) and for the third specimen from the reticular dermis to the
subcutaneous tissue. This method facilitates the evaluation of all structures at distinct levels,
ensuring a comprehensive examination of the biopsy specimen. At least three consecutive
histological sections are recommended for both vertical and horizontal cuts.
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Figure 6. Biopsy processing technique. (a) Vertical sections: assessment of the epidermis and the
dermoepidermal junction and inclusion for IFD study. (b) Horizontal sections: Greater number of
hair follicles and evaluation of changes at different levels. The superior disc is marked at the apical
pole and the two inferior discs are marked at the caudal pole.

Lastly, when only one cylinder is available, a technique named HoVert [26] has been
proposed, which involves vertical sectioning for the superior disc and horizontal sectioning
for the two inferior discs when only one cylinder is available. The aim is to better examine
the dermoepidermal junction. However, based on our experience, this technique does
not offer any advantages and can potentially result in sample wastage if processing is not
performed correctly. This is due to the fact that the 4 mm punch biopsy available in Europe
is smaller than the ones available in the United States [27]. Overall, it is crucial that the
processing of the biopsy material be handled by expert technicians [28].

5. Alopecia Classification

The classical distinction between nonscarring and scarring alopecia remains relevant
in current practice. However, it is crucial to acknowledge that certain non-cicatricial
alopecias can exhibit a biphasic nature and progress to scarring alopecia over time. This
article aims to review the key findings of the most prevalent alopecias, enabling accurate
diagnosis. While comprehensive monographs covering all types of alopecia are available,
we strongly encourage our readers to explore these resources in order to gain a more
in-depth understanding.

5.1. Nonscarring Alopecia [29]

Nonscarring alopecia encompasses various types, wherein the hair follicles can typi-
cally resume normal activity once the inflammatory process subsides [6]. The most frequent
types include androgenetic alopecia, telogen effluvium, alopecia areata, trichotillomania,
and traction alopecia.

A. Androgenetic alopecia [30-32]

This type occurs due to a combination of hormonal and genetical factors. In genetically
predisposed individuals, an increase in the activity of the 5-alpha-reductase enzyme in the
hair follicles causes them to miniaturize and shrink over time. This occurs especially on
the temples, crown, and frontal regions, eventually resulting in bald patches or a receding



J. Clin. Med. 2023, 12, 5004

7 of 23

hairline. Hair follicles in the occipital area are less affected, making it a suitable donor site
for hair transplants.

1.  Clinical Presentation:

Male pattern hair loss: characterized by bitemporal hairline recession, followed
by the loss of hair in the frontotemporal and vertex regions.

Female pattern hair loss: typically manifests as diffuse hair loss, primarily affect-
ing the central part of the scalp.

2. Histological Features (Figure 7):

Increase in the vellus index: miniaturization of terminal hair.

Increase in the telogen index.

Sebaceous gland pseudohyperplasia.

Perifollicular lymphocytic infiltrate (70%).

Absence of concentric fibrosis.

Polarized light: negative birrefringence of follicular streamers/stelae.

Figure 7. Androgenetic alopecia. (a) top left; (b) top right; (c) bottom left; (d) bottom right. (a,b) Ver-
tical sections: miniaturization of terminal hair follicles and pseudohypertrophy of sebaceous glands

(HE x20; HE x40). (c,d) Miniaturization of terminal hair and increase in telogen index with absence
of perifollicular fibrosis (HE x20; HE x40).
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B. Telogen effluvium [33,34]

Telogen effluvium is a form of diffuse alopecia characterized by a sudden transition of
a significant number of hair follicles from the anagen (growth) phase to the telogen (resting)
phase. This condition can be triggered by various factors, including psychological stress,
medication, infections, and other systemic diseases. Telogen effluvium is the most common
type of hair loss associated with systemic conditions. It is advisable to perform the biopsy
in the initial phases since the hair follicles restart the follicular cycle and biopsies may not
reveal any abnormalities.

1.  Clinical Presentation:

- Diffuse alopecia.

- Acute or chronic (if the diffuse hair loss has lasted for more than 6 months).

- Can be associated with androgenetic alopecia, especially in males; for this reason
it is advisable to perform a biopsy from the occipital area.

2. Histological Findings (Figure 8):
- Increase in the telogen index (>25% in initial phases).
- Absence of inflammatory infiltrate.

- Normal terminal and vellus hairs with an increase in follicular streamers in
horizontal sections.

- Differential diagnosis between chronic telogen effluvium and female pattern hair
loss. In the former, the telogen/anagen ratio is 8:1; in the latter, it does not exceed
4:1.

Figure 8. Telogen effluvium. (a,b) Horizontal sections. Increase in the telogen index with an increase
in follicular streamers (arrow) and absence of perifollicular inflammation (HE x20; HE x100).

C. Alopecia areata [35-37]

Alopecia areata is an organ-specific autoimmune disease that affects approximately 1%
of the general population, with a higher prevalence among children and young adults. This
condition is genetically influenced and is characterized by an immune-mediated response
primarily involving T lymphocytes (CD4+) targeting the keratinocytes of the hair follicles.

1. Clinical Presentation:

- Alopecia areata typically presents as patchy hair loss characterized by one or
more circumscribed plaques on the scalp or other hair-bearing areas. The affected
areas of the scalp usually exhibit underlying normal skin without any signs of
inflammation or scarring.
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One notable feature in alopecia areata is the presence of “exclamation mark” hairs.
These are short, broken hairs that taper at the base and are commonly found at
the borders of bald patches.

Can involve the whole scalp (total alopecia areata) or entire body (universal
alopecia areata).

2. Histological Features (Figure 9):

Peribulbar inflammatory infiltrate: during the active phase of alopecia areata,
a characteristic peribulbar inflammatory infiltrate is seen around the anagen
(growth) hair follicles (“swarm of bees”).

Apoptosis of matrix cells within the hair follicle can be observed.

Presence of lymphocytes, eosinophils, and melanin in follicular streamers (inac-
tive phase). Utility of CD3 staining.

Increase in vellus index.

Increase in telogen index.
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Figure 9. Alopecia areata. (a) top left; (b) top right; (c) bottom left; (d) bottom right. Horizontal
sections. (a) Increase in vellus and telogen index (HE x20) (b) Peribulbar lymphoid infiltrate during
anagen phase (HE x100). (¢,d) Lymphocytes and melanin in follicular streamers (HE x200).

D. Trichotillomania [38-40]

1. Clinical Presentation:

Trichotillomania is characterized by a compulsive tendency, whether conscious
or unconscious, to pull and twist one’s own hair.

Atypical patches of alopecia—these patches are typically irregular in shape and
may appear as areas of partial or complete hair loss.

Presence of different hair lengths within the affected areas; the remaining hairs
may appear frayed or have a jagged, uneven appearance.
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2. Histological Findings (Figure 10):

Alternation of damaged and intact hair follicles.

Increased number of catagen hair follicles (>75%).

Bulbar epithelium distortion, hemorrhage, and pigmentary incontinence.
Trichomalacia (distortion of the hair shaft).

Figure 10. Trichotillomania. (a) top left; (b) top right; (c) bottom left; (d) bottom right. (a,b) Vertical
sections. Distortion of the bulbar epithelium and trichomalacia (distortion of the hair shaft) (HE x40;
HE x100). (c,d) Horizontal sections. Trichomalacia, pigmentary incontinence, and absence of
inflammation (HE x20; HE x100).

E. Traction alopecia [41,42]

1.  Clinical Findings:

Form of alopecia caused by excessive inappropriate hair styling.

Hair loss occurs in areas that experience the most traction, especially the temples
(frequently seen among black people).

Over time, it may transform into a cicatricial alopecia (known as follicular degen-
eration syndrome).

2.  Histological Features:

Similar to trichotillomania.

NOTE: Difficulty in distinguishing this from other types of alopecia such as alopecia
areata and telogen effluvium [43].

5.2. Scarring Alopecias [29]

Scarring alopecias can be classified into two categories: primary and secondary. In
primary scarring alopecias, the hair follicle itself is the target of the inflammatory process,
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leading to its destruction. In contrast, secondary scarring alopecias occur when the hair
follicle is damaged within the context of other diseases or conditions; examples of this
include infections such as tinea capitis (scalp ringworm) or neoplasms such as basal cell
carcinomas.

The classification of scarring alopecias remains a topic of ongoing debate. In 2001,
the North American Hair Research Society (NAHRS) proposed a classification system for
primary cicatricial alopecias based on the predominant inflammatory cell observed in the
biopsies of active lesions. According to this classification, primary cicatricial alopecias
are categorized into four types: (1) lymphocytic, (2) neutrophilic, (3) mixed, and (4) non-
specific [44]. This article aims to summarize the findings of the most prevalent alopecias,
providing valuable insights for their diagnosis.

5.2.1. Primary Scarring Alopecias [45,46]

A series of histological findings is common to all forms of primary scarring alopecia,
such as the destruction of the hair follicle, replacement of fibrous tracts, loss of sebaceous
glands, and dilation of eccrine ducts [47,48]; these are signs that a pathologist should look
to find in these types of biopsies.

Associated to Lymphocytic Infiltrate [49]

Primary scarring alopecias associated with lymphocytic infiltrate include lupus erythe-
matosus, lichen planopilaris (including frontal fibrosing alopecia, Graham-Little syndrome,
and classic lichen planopilaris), pseudopelade of Brocq, central centrifugal cicatricial alope-
cia, alopecia mucinosa, and keratosis follicularis spinulosa decalvans. These conditions
involve an immune-mediated inflammatory response predominantly involving lympho-
cytes, leading to scarring and irreversible hair loss. Folliculitis decalvans and dissecting
cellulitis of the scalp (perifolliculitis capitis abscedens et suffodiens) are considered primary
neutrophilic scarring alopecias. Mixed primary cicatricial alopecias encompass conditions
such as acne keloidalis nuchae, necrotic acne (folliculitis), and erosive pustular dermatosis
of the scalp.

A. Lupus erythematosus (chronic cutaneous) [15,50]

1. Clinical Presentation:

- Affects approximately 50% of patients.

- Middle-aged women; presenting as papules or erythematodesquamative plaques
with associated pigmentary disorders, including hypo- and hyperpigmentation.

- Follicular obliteration may occur.

2.  Histological Features (Figure 11):

- Hyperkeratosis predominantly involving the infundibulum of the hair follicle.

- Vacuolar interface dermatitis; primarily affects the follicular epithelium and the
dermoepidermal junction.

- Presence of isolated Civatte’s bodies [51].

- Superficial and deep perivascular and periadnexal lymphocytic infiltrate.

- Pigmentary incontinence.

- Increased dermal mucin.

- Immunofluorescence (IFD) testing reveals a positive lupus band characterized by
granular deposits of IgG, IgM, and /or C3 at the dermoepidermal junction and
follicular epithelium.

- Orecein staining reveals elastic fiber destruction throughout the entire dermis
(advanced stages).
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Figure 11. Alopecia in lupus erythematosus. (a) top left; (b) top right; (c) bottom left; (d) bottom
right. Vertical sections. (a) Infundibular hyperkeratosis (HE x20); (b) vacuolar interface dermatitis in
the follicular epithelium (HE x100). Horizontal sections. (c,d) Similar findings without perifollicular
fibrosis and the absence of necrotic keratinocytes (HE x20; HE x100).

B. Lichen planopilaris (LPP)

This is a term used to describe the manifestation of lichen planus that specifically
affects the hair follicles. As mentioned earlier, it encompasses classic LPP, frontal fibrosing
alopecia, and Graham-Little syndrome, which share similar histological characteristics and
are often challenging to differentiate. However, some authors argue that frontal fibrosing
alopecia should be regarded as a distinct primary cicatricial alopecia due to its distinct
clinical presentation, even though it shares histological features with classical LPP [52,53].

B.1. Classic LPP [15,50]

1.  Clinical Presentation:

- Atrophic plaques with perifollicular hyperkeratosis and erythema; affects middle-
aged women more frequently than men.

2. Histological Features (Figure 12):

- Hypergranulosis and infundibular hyperkeratosis.

- Lichenoid interface dermatitis observed in the follicular epithelium, specifically
the infundibulum and isthmus, as well as at the dermoepidermal junction.

- Lymphocytic infiltration of the follicular epithelium.

- Presence of abundant Civatte’s bodies (necrotic keratinocytes) within the follicu-
lar epithelium (detectable through positive cytokeratin staining) [51].

- Concentric perifollicular fibrosis (advanced stages) with retraction clefts.

- Orcein staining reveals a cradle cap scar centered around the follicle.
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Immunofluorescence (IFD) testing is positive for IgM deposits in the follicular
epithelium.
IFD: the abundant Civatte bodies are frequently positive for IgM.

NOTE: A lymphocytic perifollicular infiltrate can also be found in other types of
alopecia (for example, in androgenetic alopecia in up to 70% of cases).

Figure 12. Lichen planopilaris. (a) top left; (b) top right; (c) bottom left; (d) bottom right. Vertical

sections. (a,b) Interface dermatitis, lichenoid type, observed in the follicular epithelium with Iym-

phocyte permeation (HE x20; HE x100). Horizontal sections. (c¢,d) Concentric perifollicular fibrosis,
lymphocytic infiltrate, and necrotic keratinocytes (HE x20; HE x100).

B.2.
1.

Frontal fibrosing alopecia (FFA) [54-58]

Clinical Presentation:

Post-menopausal women but may be also seen in men and premenopausal
women.

Regression of the frontemporal hairline and eyebrow loss.

Facial papules and in other body areas.

Histological Features:

Similar to classic LPP.

Facial [59-61] and extrafacial [62,63] papules; these signs are present around
vellous hair.

“Follicular triad”—simultaneous involvement of terminal hair follicles, interme-
diate follicles, and vellus follicles at various stages of the hair follicle cycle (a key
finding during the initial phases of the disease) [64].

Adipose infiltration of the arrector pili muscle and displacement of the eccrine
glands [65].
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B.3. Graham-Little syndrome [66,67]

1. Clinical Presentation:

- Cicatricial alopecia of the scalp.
- Presence of keratotic follicular papules on the trunk and extremities.
- Reversible loss of pubic and/or axillary hair.

2.  Histological Features:
- Similar to that of LPP and FFA.

B.4. Fibrosing alopecia in a pattern distribution (FAPD) [68]

1. Clinical Presentation:

- Described by Zinkernagel an Triieb in the year 2000 [69]; considered as an exag-
gerated inflammatory response to hair follicles affected by androgenetic alopecia.

- It exhibits characteristics of both androgenetic alopecia and LPP.

- Primarily affects the androgen-dependent areas of the scalp while sparing areas
that are androgen-independent, such as the occipital region.

- Perifollicular hyperkeratosis, loss of follicular ostium, and variation in hair shaft
diameter are observed [70].

2. Histological Features (Figure 13):

Increase in vellus index (hair follicle miniaturization).
Lymphocytic perifollicular infiltrate (isthmus and infundibulum) with lamellar
concentric perifollicular fibrosis [70].

Figure 13. FAPD. (a,b) Horizontal sections. Increase in vellus index (hair miniaturization) (arrow
heads) and lymphocytic infiltrate and concentric perifollicular fibrosis (arrows) (HE x20; HE x100).

C. Pseudopelade of Brocq [50]

Pseudopelade of Brocq, described by Brocq in 1885 [71], remains a topic of debate as
to whether it represents a distinct entity or signifies the non-inflammatory end stage of
other primary cicatricial alopecias [72,73]. For certain authors the diagnosis of this entity
relies on excluding other primary cicatricial alopecias, such as LPP or cutaneous lupus [51].

1.  Clinical Features:

- Middle-aged women with small alopecic plaques with normal underlying skin.
These plaques have irregular borders and are devoid of keratotic papules or
perifollicular erythema.
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- Primarily affects the vertex and parietal areas of the scalp.

2. Histological Features (Figure 14):

- No definitive histological criteria have been described. No interface dermatitis is
seen.

- Concentric fibroplasia centered around the hair follicles.

- Loss of sebaceous glands with preservation of the arrector pili muscle.

- Granuloma formation around the naked hair follicles.

- Orcein staining reveals thickened elastic fibers in the adventitial and reticular
dermis (differential diagnosis with LPP and lupus erythematosus) [20,74].

- IFDis negative.

@) (b)

Figure 14. Pseudopelade of Brocq. (a,b) Horizontal sections. Loss of sebaceous glands with concentric
fibroplasia and chronic inflammation around the hair follicles. (b) Foreign body reaction (arrow)
around naked hair shafts (HE x40).

D. Central centrifugal cicatricial alopecia (CCCA) [50,75]

This is a descriptive term used to characterize scarring alopecias that originate in
the vertex area and gradually progress in a centrifugal pattern, as described in the North
American Hair Research Society’s (NAHRS) classification. This category encompasses
various conditions, including follicular degeneration syndrome, pseudopelade in black
people and central elliptic pseudopelade in white people [51]. Clinically, CCCA is distinct
from pseudopelade of Brocq, but histologically, they share similarities.

1. Clinical Presentation: see definition. More commonly seen among black people.
2. Histological Features (Figure 15):

- For some authors, very similar to LPP [22,76].

- Perifollicular lymphocytic infiltrate around the superior portion of the hair folli-
cle.

- Lamellar fibroplasia with sebaceous gland loss.

- Atrophy of the follicular wall.

- Duplication of hair shafts.

- Premature desquamation of the internal root sheath (Giemsa staining).

- Orcein staining: similar to pseudopelade of Brocq.
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Figure 15. Central centrifugal cicatricial alopecia. Horizontal sections. (a) Concentric fibroplasia
accompanied by sebaceous gland destruction (HE x20). (b) Eccentric atrophy of the follicular wall
with hair shaft duplication (HE x100).

E. Alopecia Mucinosa [77-79]

Inflammatory process of the pilosebaceous follicle characterized by mucin deposition
in the follicular epithelium. There is an idiopathic primary form, which is considered a
premalignant condition or an indolent form of mycosis fungoides. This form is typically
observed in children and young adults. Additionally, there are secondary forms associated
with a type of cutaneous T-cell lymphoma (follicular mycosis fungoides), which are more
common in older patients (approximately 30% of cases). In the primary form, the condition
is usually self-limited but may result in permanent hair loss due to the complete destruction
of the follicle.

1.  Clinical Presentation:

- Predominant involvement of the head and neck in the form of grouped papules
with a follicular distribution, erythematous patches, and/or fluctuating plaques,
especially in the primary forms found in children and young adults [51].

- Numerous lesions on the trunk and extremities can be seen in secondary forms
and older patients.

2. Histological Features (Figure 16):

- Follicular mucinosis: Mucin deposition initially affects the external root sheath
and the infundibulum of the hair follicle [51]. In later stages, the entire hair
follicle and sebaceous glands may be involved.

- Lymphocytic infiltrate—there is a presence of lymphocytic infiltrate both peri
and intrafollicularly.

- Cytological atypia and monoclonal rearrangement in idiopathic and secondary
forms.
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Figure 16. Alopecia mucinosa. Vertical sections. (a) Intense lymphocytic infiltrate observed both

perifollicularly and intrafollicularly (HE x20); (b) Follicular mucinosis characterized by mucin
deposition and reticular degeneration affecting the entire follicle (HE x100).

F.  Keratosis follicularis spinulosa decalvans (KFSD) [80]

X-linked genodermatosis characterized by widespread cicatricial alopecia, which
affects various areas such as the scalp, eyebrows, eyelashes, and axillae. In addition to
alopecia, individuals with KFSD may experience other associated symptoms, such as
photophobia and keratoderma.

1. Clinical Presentation:
- Patches of hair loss with follicular papules, hyperkeratosis, and pustules.

2. Histological Features [51]:

- Abnormal keratinization with hypergranulosis and compact hyperkeratosis af-
fecting the infundibulum, followed by spongiosis and neutrophilic infiltrate.

- Inlater stages, chronic lymphocytic inflammation and fibrosis with a perifollicular
distribution is observed.

- Inthe final stages, destruction of the hair follicle with fibrosis and tricogranulomas
can be observed.

Lichenoid Folliculitis

Lichenoid folliculitis is a term coined by Sperling in 2017 [45] used to encompass a
group of cutaneous diseases characterized by fibrosis and chronic perifollicular inflam-
mation. These conditions are characterized by the presence of keratotic papules, atrophy,
scarring alopecia, and lichenoid changes upon histological examination. The diseases
within the lichenoid folliculitis group can be divided into two main subgroups based on
clinical characteristics. The first subgroup is keratosis pilaris atrophicans, which includes
conditions such as keratosis pilaris atrophicans faciei/ulerythema ophryogenes, atropho-
derma vermiculatum, and keratosis follicularis spinulosa decalvans. The second subgroup
is the LPP subgroup, which includes classical LPP, FFA, Graham-Little syndrome, and
FAPD. These subgroups share histological similarities and demonstrate significant clinical
overlap.

Associated to Neutrophilic Inflammation

Group of alopecias characterized by acneiform dilation of the hair follicle and a
neutrophilic inflammatory infiltrate. It primarily affects the follicular epithelium and the
surrounding dermis, progressing to a mixed inflammatory infiltrate with fibrosis over time.
Another similar condition in this category is the dissecting cellulitis of the scalp, but we
will focus specifically on folliculitis decalvans in this article, as the histological findings are
comparable in both conditions.
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A. Folliculitis decalvans [81,82]
Suppurative destructive folliculitis.

1.  Clinical Features:

- Typically presents as alopecic patches with follicular pustules predominantly
seen along the active borders.

- More frequently around the crown, but it can also involve other regions, such as
the beard, axilla, pubic area, arms, and legs.

- Tufting, where multiple hairs emerge from a single hair follicle, is frequent.

2. Histological Features (Figure 17):

- Infundibular dilation with peri- and intrafollicular neutrophilic infiltrate in early
stages.

- Polymorphous infiltrate in advanced stages (lymphocytes, plasma cells, histio-
cytes, and multinucleated giant cells).

- Follicular loss and scarring.

- Naked hair shafts.

- Negative fungal stains (PAS, Grocott).

- Involvement of the interfollicular dermis.

@) (b)

Figure 17. Folliculitis decalvans. (a,b) Vertical sections. Infundibular dilation accompanied by a

polymorphous inflammatory infiltrate, both within and surrounding the hair follicle, characterized
by polymorphonuclear leukocytes and multinucleated giant cells. (HE x20; HE x100).

Mixed Primary Cicatricial Alopecias

Includes acne keloidalis nuchae, erosive pustular dermatosis, and acne necrotica.

5.2.2. Secondary Scarring Alopecia [83]

Secondary scarring alopecia refers to a group of alopecias that occur as a consequence
of other processes where the involvement of the hair follicle is incidental rather than the
primary focus. There are various conditions that can fall into this category, including
genodermatoses, physical or chemical trauma, inflammatory dermatoses, drug-induced
alopecia, and neoplasms. In this discussion, we will focus specifically on tinea capitis.

A. Tinea capitis [84]

Fungal infection of the scalp that is predominantly seen in children. It is highly
contagious and can spread rapidly, leading to epidemics in certain settings. The infection
is commonly caused by two types of fungi: Trichophyton tonsurans (endothrix) and
Microsporum canis (ectothrix).
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1.  Clinical Features:

- Common features include scaling, erythema (redness), and hair loss in the af-
fected areas of the scalp.

- Hair may appear brittle and broken, and there may be evidence of inflammation
and crusting.

2. Histological Features (Figure 18):

- Endothrix—fungi are found inside the hair shaft.
- Ectothrix—fungi are seen around the hair shaft.
- Polymorphous inflammatory infiltrate.

- Damage of the follicular epithelium.

- Positive fungal stains (PAS, Grocott).

Figure 18. Tinea capitis endothrix type. Vertical sections. (a,b) Intra and perifollicular inflammation
with destruction of the epithelium (HE x20; HE x100). (c) Visualization of fungi within the hair shaft
(PAS x100).

5.3. Multifactorial Alopecias

Multifactorial alopecias refer to a group of conditions where the underlying causes of
hair loss are a combination of multiple factors. These types of alopecias account for more
than 10% of all cases of hair loss and involve a complex interplay of various factors that
contribute to the overall condition [85].

6. Algorithms

Different algorithms have been developed to aid in the interpretation of histological
findings in the context of various clinical presentations. These algorithms provide a
systematic approach to diagnosing and classifying different types of alopecia based on
histopathological features. We refer our readers to the relevant literature [22,50,86,87].

7. Conclusions

Despite the lack of interest in alopecia biopsies by some pathologists, this area of
dermatopathology is not more complex than any other. The objective of this article was
to briefly review the fundamental notions about the histopathology of the hair follicle
and hair cycle, as well as sample management, and provide key diagnostic clinical and
histopathological guidelines that will allow pathologists to confidently approach the study
of alopecia biopsies.

Author Contributions: Conceptualization, FP.-M.; methodology, EP.-M.; validation, FP.-M., B.T.-M.
and G.G.D.; writing—original draft preparation, EP.-M., B.T.-M. and G.G.D.; writing—review and
editing, EP.-M., B.T.-M. and G.G.D.; visualization, EP.-M., B.T.-M. and G.G.D.; supervision, EP.-M.;
English translate and supervision, G.G.D.; pictures and graphics, EP.-M. and B.T.-M. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



J. Clin. Med. 2023, 12, 5004 20 of 23

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Triantafyllidi, H.; Grafakos, A.; Ikonomidis, I.; Pavlidis, G.; Trivilou, P; Schoinas, A.; Lekakis, J. Severity of Alopecia Predicts
Coronary Changes and Arterial Stiffness in Untreated Hypertensive Men. |. Clin. Hypertens. 2017, 19, 51-57. [CrossRef]

2. He, H; Xie, B.; Xie, L. Male Pattern Baldness and Incidence of Prostate Cancer: A Systematic Review and Meta-Analysis. Medicine
2018, 97, €11379. [CrossRef] [PubMed]

3. Goren, A.; Vafio-Galvan, S.; Wambier, C.G.; McCoy, J.; Gomez-Zubiaur, A.; Moreno-Arrones, O.M.; Shapiro, J.; Sinclair, R.D.;
Gold, M.H.; Kovacevic, M,; et al. A Preliminary Observation: Male Pattern Hair Loss among Hospitalized COVID-19 Patients in
Spain—A Potential Clue to the Role of Androgens in COVID-19 Severity. J. Cosmet. Dermatol. 2020, 19, 1545-1547. [CrossRef]

4. Nguyen, B; Tosti, A. Alopecia in Patients with COVID-19: A Systematic Review and Meta-Analysis. JAAD Int. 2022, 7, 67-77.
[CrossRef]

5.  Buffoli, B.; Rinaldi, F.; Labanca, M.; Sorbellini, E.; Trink, A.; Guanziroli, E.; Rezzani, R.; Rodella, L.F. The Human Hair: From
Anatomy to Physiology. Int. ]. Dermatol. 2014, 53, 331-341. [CrossRef] [PubMed]

6. Bernardez, C.; Molina-Ruiz, A.M.; Requena, L. Histopatologia de las alopecias. Parte I: Alopecias no cicatriciales. Actas
Dermo-Sifiliogrdficas 2015, 106, 158-167. [CrossRef] [PubMed]

7. Koch, S.L,; Tridico, S.R.; Bernard, B.A.; Shriver, M.D.; Jablonski, N.G. The Biology of Human Hair: A Multidisciplinary Review.
Am. ]. Hum. Biol. 2020, 32, €23316. [CrossRef] [PubMed]

8.  Park, AM.; Khan, S.; Rawnsley, ]. Hair Biology: Growth and Pigmentation. Facial Plast. Surg. Clin. N. Am. 2018, 26, 415-424.
[CrossRef]

9. Moreno, C.; Requena, C.; Requena, L. Embriologia, histologia y fisiologia del foliculo piloso. In Neoplasias Anexiales Cutineas;
Grupo Aula Médica: Madrid, Spain, 2004; pp. 185-201.

10. Restrepo, R.; Calonje, E.E. Diseases of the hair. In McKee’s Pathology of the Skin with Clinical Correlations; Elsevier: London, UK,
2012; Volume 22, pp. 967-1050.

11.  Ackerman, A.B. An algorithmic method based on pattern analysis. In Histologic Diagnosis of Inflammatory Skin Diseases; Ardor
Scribendi: New York, NY, USA, 2005.

12.  Hordinsky, M. Scarring Alopecia: Diagnosis and New Treatment Options. Dermatol. Clin. 2021, 39, 383-388. [CrossRef]

13.  Elston, D.M.; McCollough, M.L.; Angeloni, V.L. Vertical and Transverse Sections of Alopecia Biopsy Specimens: Combining the
Two to Maximize Diagnostic Yield. J. Am. Acad. Dermatol. 1995, 32, 454—457. [CrossRef]

14.  Elston, D.M,; Ferringer, T.; Dalton, S.; Fillman, E.; Tyler, W. A Comparison of Vertical versus Transverse Sections in the Evaluation
of Alopecia Biopsy Specimens. |. Am. Acad. Dermatol. 2005, 53, 267-272. [CrossRef]

15. Stefanato, C.M. Histopathology of Alopecia: A Clinicopathological Approach to Diagnosis. Histopathology 2010, 56, 24-38.
[CrossRef]

16. Trachsler, S.; Trueb, R.M. Value of Direct Immunofluorescence for Differential Diagnosis of Cicatricial Alopecia. Dermatology 2005,
211, 98-102. [CrossRef] [PubMed]

17.  Headington, J.T. Transverse Microscopic Anatomy of the Human Scalp. A Basis for a Morphometric Approach to Disorders of the
Hair Follicle. Arch. Dermatol. 1984, 120, 449—456. [CrossRef] [PubMed]

18. Frishberg, D.P,; Sperling, L.C.; Guthrie, V.M. Transverse Scalp Sections: A Proposed Method for Laboratory Processing. J. Am.
Acad. Dermatol. 1996, 35, 220-222. [CrossRef] [PubMed]

19. LaSenna, C.; Miteva, M. Special Stains and Immunohistochemical Stains in Hair Pathology. Am. ]. Dermatopathol. 2016, 38,
327-337. [CrossRef]

20. Fung, M.A; Sharon, V.R.; Ratnarathorn, M.; Konia, T.H.; Barr, K.L.; Mirmirani, P. Elastin Staining Patterns in Primary Cicatricial
Alopecia. |. Am. Acad. Dermatol. 2013, 69, 776-782. [CrossRef]

21. Miteva, M.; Tosti, A. Polarized Microscopy as a Helpful Tool to Distinguish Chronic Nonscarring Alopecia from Scarring Alopecia.
Arch. Dermatol. 2012, 148, 91-94. [CrossRef]

22. Kolivras, A.; Thompson, C. Primary Scalp Alopecia: New Histopathological Tools, New Concepts and a Practical Guide to
Diagnosis. J. Cutan. Pathol. 2017, 44, 53-69. [CrossRef]

23. Kamyab, K.; Rezvani, M.; Seirafi, H.; Mortazavi, S.; Teymourpour, A.; Abtahi, S.; Nasimi, M. Distinguishing Immunohistochemical
Features of Alopecia Areata from Androgenic Alopecia. J. Cosmet. Dermatol. 2019, 18, 422—426. [CrossRef]

24. Fening, K.; Parekh, V.; McKay, K. CD123 Immunohistochemistry for Plasmacytoid Dendritic Cells Is Useful in the Diagnosis of
Scarring Alopecia. J. Cutan. Pathol. 2016, 43, 643-648. [CrossRef] [PubMed]

25. Krishnamurthy, S.; Tirumalae, R.; Inchara, Y.K. Plasmacytoid Dendritic Cell Marker (CD123) Expression in Scarring and Non-

Scarring Alopecia. J. Cutan. Aesthetic Surg. 2022, 15, 179-182. [CrossRef]


https://doi.org/10.1111/jch.12871
https://doi.org/10.1097/MD.0000000000011379
https://www.ncbi.nlm.nih.gov/pubmed/29995779
https://doi.org/10.1111/jocd.13443
https://doi.org/10.1016/j.jdin.2022.02.006
https://doi.org/10.1111/ijd.12362
https://www.ncbi.nlm.nih.gov/pubmed/24372228
https://doi.org/10.1016/j.ad.2014.07.006
https://www.ncbi.nlm.nih.gov/pubmed/25444580
https://doi.org/10.1002/ajhb.23316
https://www.ncbi.nlm.nih.gov/pubmed/31479564
https://doi.org/10.1016/j.fsc.2018.06.003
https://doi.org/10.1016/j.det.2021.05.001
https://doi.org/10.1016/0190-9622(95)90068-3
https://doi.org/10.1016/j.jaad.2005.03.007
https://doi.org/10.1111/j.1365-2559.2009.03439.x
https://doi.org/10.1159/000086436
https://www.ncbi.nlm.nih.gov/pubmed/16088153
https://doi.org/10.1001/archderm.1984.01650400031009
https://www.ncbi.nlm.nih.gov/pubmed/6703750
https://doi.org/10.1016/S0190-9622(96)90328-X
https://www.ncbi.nlm.nih.gov/pubmed/8708025
https://doi.org/10.1097/DAD.0000000000000418
https://doi.org/10.1016/j.jaad.2013.07.018
https://doi.org/10.1001/archdermatol.2011.344
https://doi.org/10.1111/cup.12822
https://doi.org/10.1111/jocd.12677
https://doi.org/10.1111/cup.12725
https://www.ncbi.nlm.nih.gov/pubmed/27130548
https://doi.org/10.4103/JCAS.JCAS_126_19

J. Clin. Med. 2023, 12, 5004 21 0f 23

26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Nguyen, J.V.; Hudacek, K.; Whitten, ].A.; Rubin, A.L; Seykora, ].T. The HoVert Technique: A Novel Method for the Sectioning of
Alopecia Biopsies. J. Cutan. Pathol. 2011, 38, 401-406. [CrossRef]

Wain, E.M.; Stefanato, C.M. Four Millimetres: A Variable Measurement? Br. . Dermatol. 2007, 156, 404. [CrossRef]

Adams, L.; Amphlett, A.; Gardette, E.; Deroide, E.; Jones, J. The Modified HoVert (MHoVert) Method Improves Diagnostic
Certainty Compared to the St John’s Protocol for Alopecia Biopsy Specimens: A Retrospective Single Center Study. J. Cutan.
Pathol. 2023. [CrossRef]

Sellheyer, K.; Bergfeld, W.F. Histopathologic Evaluation of Alopecias. Am. ]. Dermatopathol. 2006, 28, 236-259. [CrossRef]

Price, V.H. Androgenetic Alopecia in Women. J. Investig. Dermatol. Symp. Proc. 2003, 8, 24-27. [CrossRef] [PubMed]

Sehgal, V.N.; Aggarwal, A.K,; Srivastava, G.; Rajput, P. Male Pattern Androgenetic Alopecia. Skinmed 2006, 5, 128-135. [CrossRef]
Piraccini, B.M.; Alessandrini, A. Androgenetic Alopecia. G Ital. Dermatol. Venereol. 2014, 149, 15-24.

Rebora, A. Telogen Effluvium: A Comprehensive Review. Clin. Cosmet. Investig. Dermatol. 2019, 12, 583-590. [CrossRef]
Werner, B.; Mulinari-Brenner, F. Clinical and Histological Challenge in the Differential Diagnosis of Diffuse Alopecia: Female
Androgenetic Alopecia, Telogen Effluvium and Alopecia Areata—Part I. An. Bras. Dermatol. 2012, 87, 742-747. [CrossRef]
Zhou, C.; Li, X.; Wang, C.; Zhang, J. Alopecia Areata: An Update on Etiopathogenesis, Diagnosis, and Management. Clin. Rev.
Allergy Immunol. 2021, 61, 403-423. [CrossRef] [PubMed]

Pratt, C.H.; King, L.E.; Messenger, A.G.; Christiano, A.M.; Sundberg, ].P. Alopecia Areata. Nat. Rev. Dis. Primers 2017, 3, 17011.
[CrossRef] [PubMed]

Simakou, T.; Butcher, J.P; Reid, S.; Henriquez, FL. Alopecia Areata: A Multifactorial Autoimmune Condition. J. Autoimmun. 2019,
98, 74-85. [CrossRef] [PubMed]

Hautmann, G.; Hercogova, J.; Lotti, T. Trichotillomania. J. Am. Acad. Dermatol. 2002, 46, 807-826. [CrossRef]

Thakur, B.K.; Verma, S.; Raphael, V.; Khonglah, Y. Extensive Tonsure Pattern Trichotillomania-Trichoscopy and Histopathology
Aid to the Diagnosis. Int. ]. Trichology 2013, 5, 196-198. [CrossRef] [PubMed]

Muller, S.A. Trichotillomania: A Histopathologic Study in Sixty-Six Patients. ]. Am. Acad. Dermatol. 1990, 23, 56-62. [CrossRef]
Donovan, J.C.; Mirmirani, P. Transversely Sectioned Biopsies in the Diagnosis of End-Stage Traction Alopecia. Dermatol. Online ].
2013, 19, 11.

Ngwanya, R.M.; Adeola, H.A.; Beach, R.A.; Gantsho, N.; Walker, C.L.; Pillay, K.; Prokopetz, R.; Gumedze, F.; Khumalo, N.P.
Reliability of Histopathology for the Early Recognition of Fibrosis in Traction Alopecia: Correlation with Clinical Severity.
Dermatopathology 2019, 6, 170-181. [CrossRef]

Samrao, A.; Mirmirani, P. Postpartum Telogen Effluvium Unmasking Traction Alopecia. Skin. Appendage Disord. 2022, 8, 328-332.
[CrossRef]

Olsen, E.A.; Bergfeld, W.F,; Cotsarelis, G.; Price, V.H.; Shapiro, J.; Sinclair, R.; Solomon, A.; Sperling, L.; Stenn, K.; Whiting,
D.A,; et al. Summary of North American Hair Research Society (NAHRS)-Sponsored Workshop on Cicatricial Alopecia, Duke
University Medical Center, February 10 and 11, 2001. ]. Am. Acad. Dermatol. 2003, 48, 103-110. [CrossRef]

Uchiyama, M. Primary Cicatricial Alopecia: Recent Advances in Evaluation and Diagnosis Based on Trichoscopic and Histopatho-
logical Observation, Including Overlapping and Specific Features. J. Dermatol. 2022, 49, 37-54. [CrossRef]

Somani, N.; Bergfeld, W.F. Cicatricial Alopecia: Classification and Histopathology. Dermatol. Ther. 2008, 21, 221-237. [CrossRef]
[PubMed]

Tan, T.; Guitart, J.; Gerami, P.; Yazdan, P. Eccrine Duct Dilation as a Marker of Cicatricial Alopecia. Am. J. Dermatopathol. 2017, 39,
668-671. [CrossRef] [PubMed]

Tan, T.L.; Doytcheva, K.; Guitart, J.; Gerami, P.; Yazdan, P. Dilation of Multiple Eccrine Ducts as a Highly Specific Marker for
Cicatricial Alopecia. Am. J. Dermatopathol. 2019, 41, 871-878. [CrossRef] [PubMed]

Bolduc, C.; Sperling, L.C.; Shapiro, J. Primary Cicatricial Alopecia: Lymphocytic Primary Cicatricial Alopecias, Including Chronic
Cutaneous Lupus Erythematosus, Lichen Planopilaris, Frontal Fibrosing Alopecia, and Graham-Little Syndrome. . Am. Acad.
Dermatol. 2016, 75, 1081-1099. [CrossRef]

Sperling, L.C.; Cowper, S.E. The Histopathology of Primary Cicatricial Alopecia. Semin. Cutan. Med. Surg. 2006, 25, 41-50.
[CrossRef]

Bernardez, C.; Molina-Ruiz, A.M.; Requena, L. Histopatologia de las alopecias. Parte II: Alopecias cicatriciales. Actas Dermo-
Sifiliogrdficas 2015, 106, 260-270. [CrossRef] [PubMed]

Vafi6-Galvan, S.; Saceda-Corralo, D.; Moreno-Arrones, O.M.; Camacho-Martinez, E.M. Updated Diagnostic Criteria for Frontal
Fibrosing Alopecia. . Am. Acad. Dermatol. 2018, 78, e21-22. [CrossRef]

Poblet, E.; Jiménez, F,; Pascual, A.; Piqué, E. Frontal Fibrosing Alopecia versus Lichen Planopilaris: A Clinicopathological Study.
Int. ]. Dermatol. 2006, 45, 375-380. [CrossRef]

Esteban-Lucia, L.; Molina-Ruiz, A.M.; Requena, L. Update on Frontal Fibrosing Alopecia. Actas Dermosifiliogr. 2017, 108, 293-304.
[CrossRef] [PubMed]

Porrifio-Bustamante, M.L.; Fernandez-Pugnaire, M.A.; Arias-Santiago, S. Frontal Fibrosing Alopecia: A Review. J. Clin. Med.
2021, 10, 1805. [CrossRef]

Chew, A.-L.; Bashir, S.J.; Wain, E.M.; Fenton, D.A.; Stefanato, C.M. Expanding the Spectrum of Frontal Fibrosing Alopecia: A
Unifying Concept. J. Am. Acad. Dermatol. 2010, 63, 653-660. [CrossRef]


https://doi.org/10.1111/j.1600-0560.2010.01669.x
https://doi.org/10.1111/j.1365-2133.2006.07663.x
https://doi.org/10.1111/cup.14447
https://doi.org/10.1097/00000372-200606000-00051
https://doi.org/10.1046/j.1523-1747.2003.12168.x
https://www.ncbi.nlm.nih.gov/pubmed/12894991
https://doi.org/10.1111/j.1540-9740.2006.05338.x
https://doi.org/10.2147/CCID.S200471
https://doi.org/10.1590/s0365-05962012000500012
https://doi.org/10.1007/s12016-021-08883-0
https://www.ncbi.nlm.nih.gov/pubmed/34403083
https://doi.org/10.1038/nrdp.2017.11
https://www.ncbi.nlm.nih.gov/pubmed/28300084
https://doi.org/10.1016/j.jaut.2018.12.001
https://www.ncbi.nlm.nih.gov/pubmed/30558963
https://doi.org/10.1067/mjd.2002.122749
https://doi.org/10.4103/0974-7753.130400
https://www.ncbi.nlm.nih.gov/pubmed/24778530
https://doi.org/10.1016/0190-9622(90)70186-L
https://doi.org/10.1159/000500509
https://doi.org/10.1159/000521705
https://doi.org/10.1067/mjd.2003.68
https://doi.org/10.1111/1346-8138.16252
https://doi.org/10.1111/j.1529-8019.2008.00203.x
https://www.ncbi.nlm.nih.gov/pubmed/18715291
https://doi.org/10.1097/DAD.0000000000000747
https://www.ncbi.nlm.nih.gov/pubmed/27673387
https://doi.org/10.1097/DAD.0000000000001396
https://www.ncbi.nlm.nih.gov/pubmed/31764231
https://doi.org/10.1016/j.jaad.2014.09.058
https://doi.org/10.1016/j.sder.2006.01.006
https://doi.org/10.1016/j.ad.2014.06.016
https://www.ncbi.nlm.nih.gov/pubmed/25439143
https://doi.org/10.1016/j.jaad.2017.08.062
https://doi.org/10.1111/j.1365-4632.2006.02507.x
https://doi.org/10.1016/j.ad.2016.11.012
https://www.ncbi.nlm.nih.gov/pubmed/28117051
https://doi.org/10.3390/jcm10091805
https://doi.org/10.1016/j.jaad.2009.09.020

J. Clin. Med. 2023, 12, 5004 22 0f 23

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

Porrifio-Bustamante, M.L.; Montero-Vilchez, T.; Pinedo-Moraleda, FJ.; Fernandez-Flores, A Ferndndez-Pugnaire, M.A.; Arias-
Santiago, S. Frontal Fibrosing Alopecia and Sunscreen Use: A Cross-Sectional Study of Actinic Damage. Acta Derm. Venereol.
2022, 102, adv00757. [CrossRef] [PubMed]

Porrifio-Bustamante, M.L.; Pinedo-Moraleda, EJ.; Fernandez-Flores, A.; Montero-Vilchez, T.; Ferndndez-Pugnaire, M.A.; Arias-
Santiago, S. Frontal Fibrosing Alopecia: A Histopathological Comparison of the Frontal Hairline with Normal-Appearing Scalp. J.
Clin. Med. 2022, 11, 4121. [CrossRef]

Donati, A.; Molina, L.; Doche, I.; Valente, N.S.; Romiti, R. Facial Papules in Frontal Fibrosing Alopecia: Evidence of Vellus Follicle
Involvement. Arch. Dermatol. 2011, 147, 1424-1427. [CrossRef] [PubMed]

Lopez-Pestana, A.; Tuneu, A.; Lobo, C.; Ormaechea, N.; Zubizarreta, ].; Vildosola, S.; Del Alcazar, E. Facial Lesions in Frontal
Fibrosing Alopecia (FFA): Clinicopathological Features in a Series of 12 Cases. . Am. Acad. Dermatol. 2015, 73, 987.e1-987.e6.
[CrossRef]

Rakhshan, A.; Momenpour, N.; Dadkhahfar, S.; Gheisari, M. Histopathological and Immunohistochemical Features of Facial
Papules in Frontal Fibrosing Alopecia. Clin. Exp. Dermatol. 2021, 46, 1248-1254. [CrossRef]

Fernandez-Flores, A.; Manjon, J.A. Histopathology of Keratotic Papules of the Limbs in Frontal Fibrosing Alopecia. . Cutan.
Pathol. 2016, 43, 468-471. [CrossRef]

Miteva, M. Frontal Fibrosing Alopecia Involving the Limbs Shows Inflammatory Pattern on Histology: A Review of 13 Cases.
Am. ]. Dermatopathol. 2020, 42, 226-229. [CrossRef]

Miteva, M.; Tosti, A. The Follicular Triad: A Pathological Clue to the Diagnosis of Early Frontal Fibrosing Alopecia. Br. J. Dermatol.
2012, 166, 440-442. [CrossRef]

Miteva, M.; Castillo, D.; Sabiq, S. Adipose Infiltration of the Dermis, Involving the Arrector Pili Muscle, and Dermal Displacement
of Eccrine Sweat Coils: New Histologic Observations in Frontal Fibrosing Alopecia. Am. J. Dermatopathol. 2019, 41, 492-497.
[CrossRef] [PubMed]

Srivastava, M.; Mikkilineni, R.; Konstadt, J. Lassueur-Graham-Little-Piccardi Syndrome. Dermatol. Online ]. 2007, 13, 12.
[CrossRef] [PubMed]

Laszl6, FG. Graham-Little-Piccardi-Lasseur Syndrome: Case Report and Review of the Syndrome in Men. Int. . Dermatol. 2014,
53,1019-1022. [CrossRef] [PubMed]

Jerjen, R.; Pinczewski, J.; Sinclair, R.; Bhoyrul, B. Clinicopathological Characteristics and Treatment Outcomes of Fibrosing
Alopecia in a Pattern Distribution: A Retrospective Cohort Study. J. Eur. Acad. Dermatol. Venereol. 2021, 35, 2440-2447. [CrossRef]
[PubMed]

Zinkernagel, M.S.; Triieb, R.M. Fibrosing Alopecia in a Pattern Distribution: Patterned Lichen Planopilaris or Androgenetic
Alopecia with a Lichenoid Tissue Reaction Pattern? Arch. Dermatol. 2000, 136, 205-211. [CrossRef]

Griggs, J.; Triieb, R.M.; Gavazzoni Dias, M.ER,; Hordinsky, M.; Tosti, A. Fibrosing Alopecia in a Pattern Distribution. J. Am. Acad.
Dermatol. 2021, 85, 1557-1564. [CrossRef] [PubMed]

Brocq, L. Alopecia. J. Cutan. Vener. Dis. 1885, 3, 49-50.

Silvers, D.N.; Katz, B.E.; Young, A.W. Pseudopelade of Brocq Is Lichen Planopilaris: Report of Four Cases That Support This
Nosology. Cutis 1993, 51, 99-105.

Amato, L.; Mei, S.; Massi, D.; Gallerani, I.; Fabbri, P. Cicatricial Alopecia; a Dermatopathologic and Immunopathologic Study of
33 Patients (Pseudopelade of Brocq Is Not a Specific Clinico-Pathologic Entity). Int. |. Dermatol. 2002, 41, 8-15. [CrossRef]
Baeza-Hernandez, G.; Jaquero-Valero, M.1.; Rubio-Aguilera, R.F.; Araya-Umaiia, L.C.; Horcajada-Reales, C.; Moreno-Torres, A.
Elastic Stain in Pseudopelade of Brocq: A Helpful Histopathological Diagnostic Clue. Dermatol. Pract. Concept. 2023, 13, 2023088.
[CrossRef]

Roche, EC,; Fischer, A.S.; Williams, D.; Ogunleye, T.; Seykora, ].T.; Taylor, S.C. Central Centrifugal Cicatricial Alopecia: Histologic
Progression Correlates with Advancing Age. J. Am. Acad. Dermatol. 2022, 86, 178-179. [CrossRef] [PubMed]

Sun, C.W.; Motaparthi, K.; Hsu, S. Central Centrifugal Cicatricial Alopecia and Lichen Planopilaris Can Look Identical on
Histopathology. Skinmed 2020, 18, 365-366. [PubMed]

Hooper, K.K.; Smoller, B.R.; Brown, J.A. Idiopathic Follicular Mucinosis or Mycosis Fungoides? Classification and Diagnostic
Challenges. Cutis 2015, 95, E9-E14.

Khalil, J.; Kurban, M.; Abbas, O. Follicular Mucinosis: A Review. Int. |. Dermatol. 2021, 60, 159-165. [CrossRef]
Vignon-Pennamen, M.-D. Groupe d’histopathologie cutanée de la Société franc aise de dermatologie [Follicular mucinosis]. Ann.
Dermatol. Venereol. 2011, 138, 707-709. [CrossRef] [PubMed]

Bellet, ].S.; Kaplan, A.L.; Selim, M.A.; Olsen, E.A. Keratosis Follicularis Spinulosa Decalvans in a Family. ]. Am. Acad. Dermatol.
2008, 58, 499-502. [CrossRef]

Uchiyama, M.; Harada, K.; Tobita, R.; Irisawa, R.; Tsuboi, R. Histopathologic and Dermoscopic Features of 42 Cases of Folliculitis
Decalvans: A Case Series. |. Am. Acad. Dermatol. 2021, 85, 1185-1193. [CrossRef]

Rossi, A.; Garelli, V.; Muscianese, M.; Pranteda, G.; Caro, G.; D’Arino, A.; Fortuna, M.C. Clinical and Trichoscopic Correlation of
Primary Neutrophilic Scarring Alopecia: Folliculitis Decalvans and Dissecting Cellulitis. G. Ital. Dermatol. Venereol. 2020, 155,
506-508. [CrossRef] [PubMed]

Nanda, S.; De Bedout, V.; Miteva, M. Alopecia as a Systemic Disease. Clin. Dermatol. 2019, 37, 618-628. [CrossRef]


https://doi.org/10.2340/actadv.v102.306
https://www.ncbi.nlm.nih.gov/pubmed/35604235
https://doi.org/10.3390/jcm11144121
https://doi.org/10.1001/archdermatol.2011.321
https://www.ncbi.nlm.nih.gov/pubmed/22184764
https://doi.org/10.1016/j.jaad.2015.08.020
https://doi.org/10.1111/ced.14670
https://doi.org/10.1111/cup.12691
https://doi.org/10.1097/DAD.0000000000001500
https://doi.org/10.1111/j.1365-2133.2011.10533.x
https://doi.org/10.1097/DAD.0000000000001349
https://www.ncbi.nlm.nih.gov/pubmed/30624243
https://doi.org/10.5070/D36DX536T6
https://www.ncbi.nlm.nih.gov/pubmed/17511945
https://doi.org/10.1111/j.1365-4632.2012.05672.x
https://www.ncbi.nlm.nih.gov/pubmed/23489018
https://doi.org/10.1111/jdv.17604
https://www.ncbi.nlm.nih.gov/pubmed/34415628
https://doi.org/10.1001/archderm.136.2.205
https://doi.org/10.1016/j.jaad.2019.12.056
https://www.ncbi.nlm.nih.gov/pubmed/31926219
https://doi.org/10.1046/j.1365-4362.2002.01331.x
https://doi.org/10.5826/dpc.1302a88
https://doi.org/10.1016/j.jaad.2021.01.028
https://www.ncbi.nlm.nih.gov/pubmed/33465433
https://www.ncbi.nlm.nih.gov/pubmed/33397566
https://doi.org/10.1111/ijd.15165
https://doi.org/10.1016/j.annder.2011.02.001
https://www.ncbi.nlm.nih.gov/pubmed/21978512
https://doi.org/10.1016/j.jaad.2007.03.028
https://doi.org/10.1016/j.jaad.2020.03.092
https://doi.org/10.23736/S0392-0488.18.06027-3
https://www.ncbi.nlm.nih.gov/pubmed/30229638
https://doi.org/10.1016/j.clindermatol.2019.07.026

J. Clin. Med. 2023, 12, 5004 23 0f 23

84. Elmas, O.F; Durdu, M. Histopathology in the Diagnosis of Tinea Capitis: When to Do, How to Interpret? Mycopathologia 2023.
[CrossRef] [PubMed]

85. Wohltmann, W.E,; Sperling, L. Histopathologic Diagnosis of Multifactorial Alopecia. J. Cutan. Pathol. 2016, 43, 483-491. [CrossRef]
[PubMed]

86. Eudy, G.; Solomon, A.R. The Histopathology of Noncicatricial Alopecia. Semin. Cutan. Med. Surg. 2006, 25, 35-40. [CrossRef]
[PubMed]

87. Kanti, V.; Réwert-Huber, J.; Vogt, A.; Blume-Peytavi, U. Cicatricial Alopecia. ]. Dtsch. Dermatol. Ges. 2018, 16, 435-461. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s11046-023-00711-7
https://www.ncbi.nlm.nih.gov/pubmed/36976441
https://doi.org/10.1111/cup.12698
https://www.ncbi.nlm.nih.gov/pubmed/26956781
https://doi.org/10.1016/j.sder.2006.01.005
https://www.ncbi.nlm.nih.gov/pubmed/16616301
https://doi.org/10.1111/ddg.13498

	Hair Types 
	Hair Follicle Histology (Figure 1) B5-jcm-2519247,B7-jcm-2519247,B8-jcm-2519247,B9-jcm-2519247,B10-jcm-2519247 
	Hair Cycle (Figure 2) B5-jcm-2519247,B8-jcm-2519247,B9-jcm-2519247,B11-jcm-2519247 
	Adequate Hair Biopsy 
	Alopecia Classification 
	Nonscarring Alopecia B29-jcm-2519247 
	Scarring Alopecias B29-jcm-2519247 
	Primary Scarring Alopecias B45-jcm-2519247,B46-jcm-2519247 
	Secondary Scarring Alopecia B83-jcm-2519247 

	Multifactorial Alopecias 

	Algorithms 
	Conclusions 
	References

