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Trikhos in Greek means hair, from which comes the name trichology, i.e. the study of hair. Trichology is a field of medicine that covers the diagnosis of scalp and hair diseases, as well as the treatment and care process. 
In order to properly diagnose, interpret, and analyze scalp disease, it is essential to understand the biology of the skin and its appendages. The structure of the hair shaft may initially seem quite simple, but in fact it is a complex part of the anatomy. Proper histopathological evaluation of scalp dermatoses should be based on an understanding of the structure of the basic unit, hair follicles and all associated structures. The book covers the full spectrum of trichopathology, essential for proper understanding trichoscopic image of the patient, from the anatomy and physiology of the scalp and hair, to the classification of scalp diseases, facilitating the proper interpretation of the patient’s clinical data. 
The following chapters include clinical features, pathogenesis, as well as medical treatment in relation to individual dermatoses, laboratory diagnostics, and also histological features with clinical description, trichoscopic features, and classification of hair types and types of hair damage. They allow proper understanding of the pathophysiology and clinical presentations, as well as the therapeutic and surgical therapies used. However, it is necessary to emphasize the importance of proper care of the scalp and hair in the field of cosmetological trichology, which is necessary to achieve results acceptable to patients. 
The aim of the publication was also to describe comprehensively diseases of the scalp, in medical, cosmetological and surgical terms. Without following previous models, the treatment text as well as the characterization of individual scalp disorders specifically addresses their molecular basis in a complex manner. 
Subsequently, such important issues as the basics of endocrinology, dietetics and the organization of work in a trichology office were discussed. The book covers the full range of knowledge necessary to work with a trichological patient. 
The range of recipients of the publication is very wide. Both students and practicing trichologists, dermatologists and cosmetologists involved in the treatment of patients with excessive hair loss will probably find the presented content helpful and practical. 
PhD Claudia Musiał
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1

Anatomy and physiology of skin and hair 

There is something good in all the seeming failures. You can’t see it now. Time will reveal it. Be patient. 
Swami Sivananda
1.1. Structure and functions of the skin 
The skin covers the outer surface of the body and is one of the largest human organs. The skin includes lymphatic vessels, blood vessels, nerve endings and appendages such as sebaceous and sweats glands, nails and hair. Cutaneous vessels which include the venous, arterial and lymphatic systems are responsible for the removal of extracellular fluid. Moreover, the skin consists of three layers: epidermis, dermis and subcutaneous tissue. There are two vascular plexuses, including the deep arterial plexus (located on the border of the subcutaneous tissue and the dermis) and the superficial arterial plexus – subpapillary plexus. The skin is rich in numerous lymphatic vessels, making it an important part of the immune system. Chapter 1 discusses the individual structures of the epidermal layers, embryology and histology of human skin. 
[image: ]
Figure 1.1. 
Diagram of the structure of the skin divided into epidermis, dermis and subcutaneous tissue 
Source: Nowicka D.: Dermatology. Górnicki Medical Publishing House Wrocław 2001, 1–7 and based on the publication: Wolski T., Kędzia B.: Skin pharmacotherapy. Vol. 1, Structure and physiology of the skin. Advances in Phytotherapy, 2019, 1
The skin and all associated structures can be divided according to: 
• the molecular level – synthesis of vitamin D precursor, melanin (produced by cells – melanocytes), synthesis of collagen (fibrillar collagen) and elastin, and keratin, i.e. a group of fibrous proteins; 
• cellular level – epidermal cells (keratinocytes), connective tissue cells located in the dermis (fibroblasts, involved in the process of elastogenesis), cells of the immune system (including mast cells, lymphocytes and histiocytes), Langerhans cells, skin stem cells, corneocytes (cornified epidermal cells located important in the stratum corneum) and Merkel cells; 
• tissue level – epithelial tissue (which makes up the epidermis), as well as connective tissue (which makes up the dermis) and subcutaneous tissue;
• organ level – skin and its appendages – hair, nails and glands.
1.1.1. Epidermis 
The epidermis is a multi-layered, constantly renewed thanks to cell proliferation cycles, flat layer of epithelium consisting of dendritic cells and keratinocytes – epithelial cells constituting a significant part of epidermal cells. 
Keratinocytes are formed as a result of mitosis of stem cells, produce immunosuppressive cytokines (intensifying the synthesis of prostaglandins – TNF-α) and immunostimulatory cytokines (interleukin 1 – IL-1, interleukin 6 – IL-6, interleukin 8 – IL-8), as well as keratin and defensins. In addition, the epidermis also consists of many other cell populations, such as Langerhans cells – dendritic cells of the immune system of mesenchematic origin, Merkel cells – specific endocrine sensory receptors, or melanocytes, i.e. pigment cells with cytoplasmic processes (vesicles). The epidermis also has a small percentage of lymphocytes located in the basal layer, which has been confirmed in numerous conducted studies using flow cytometry, as well as Toker cells. 
Epidermal cells are arranged in overlapping layers. The epidermis consists of (going from bottom to top) the basal layer, the spinous layer, the granular layer, the stratum lucidum and the stratum corneum. Due to the lack of vascularization of the epidermis, its nourishment occurs thanks to the mechanism of diffusion from the dermis. 
Langerhans cells 
Langerhans cells (LC) are epidermal immune cells of myeloid origin, discovered by Dr. Paul Langerhans in 1868. As indicated in the publication The role of Langerhans cells in pathologies of the skin published by the Journal of the Australian and New Zealand Society for Immunology, these cells perform a regulatory function, suppressing or inducing the disease state. Moreover, they have the ability to produce cytokines – interleukins (e.g. IL-23) or TNF-α. Next, quoting the Encyclopedia Britannica, the most characteristic element of Langerhans cells are Birbeck granules, which are similar in shape to a tennis racket. 
Merkel cells 
Merkel cells are neuroendocrine in nature (due to the presence of neurosecretory granules in the cytoplasm). These cells originate from the ectoderm of the epidermis. They belong to the group of APUD (Amine Precursor Uptake and Decarboxylation) cells. They were first described by Friedrich Sigmund Merkel in 1875. They are located in the basal layer of the epidermis, in the area of bulding hair and in the oral mucosa. As the Encyclopedia Britannica points out, Merkel cells are cells that receive sensory stimuli, i.e. they function as touch receptors.
Pigment cells 
Pigmented cells of nervous origin, melanocytes, are present within the keratinocytes of the basal layer of the epidermis, as well as within the outer epithelial sheath of hair follicles. Melanocytes can also be distinguished in the serous membranes of tissues or in mucous membranes. The pigment produced by melanocytes, i.e. melanin, is transported through cytoplasmic projections to keratinocytes. There are two types of melanin: eumelanin (dark brown) and pheomelanin (pale red/yellowish). The basic function of melanocytes is the ability to produce melanin. The life cycle of melanocytes is composed of differentiation, proliferation, maturation and death of melanocytic cells (in the case of melanocytes contained in hair). Importantly, hormones are responsible for regulating the proliferation of melanocytes, the mechanism of producing melanocytic dendrites and melanogenesis. Intensity of melanogenesis and arrangement of melanocytic processes is determined by racial differences. However, the activity of melanocytes is determined by the cell adhesion of molecules and the paracrine growth factor system mediated by keratinocytes. The intensity of pigmentation and the growth of melanocytes are influenced, among others, by factors secreted by skin fibroblasts, such as neuregulin 1 (a protein from the epidermal growth factors) or stem cell factor influencing hemopoietic stem cells. 
1.1.2. Basal cell layer (stratum basale) 
The basal (reproductive) layer, also called the columnar cell layer, is the deepest layer of the epidermis, located in the dermis. The round, cylindrical cells found in the basal layer are called cells basal layer. The cells basal layer continually proliferate, producing new cells, resulting in biochemical and morphological differentiation. Importantly, the cells of the basal layer are connected to the basement membrane by hemidesmosomes and to the spinous layer by desmosomes and undergo keratinization, i.e. keratinization of cells. Moreover, in the basal layer there are dendritic pigment cells without desmosomes – melanocytes. Membrane-covered vesicles – melanosomes – synthesize, and then store melanin. 
There are two types of melanosomes: eumelanosomes, the mechanism of which synthesizes black-brown eumelanin with a photoprotective effect (mainly against UVB radiation) and pheomelanosomes, which synthesize red-yellow pheomelanin and do not have a protective mechanism.
1.1.3. Layer of spiny cells (stratum spinosum) 
The spinous layer consists of pseudostratified, polyhedric cells that connect to each other via desmosomes. Moreover, the spaces of the cells of the spinous layer are filled with the mucopolysaccharide-protein desmoalein. The spinous and basal layers are collectively called malpighian layer. 
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Figure 1.2. 
Structure of the basement membrane and epidermis 
Source: Jabłońska S., Chorzelski T.: Skin diseases. PZWL Medical Publishing House, Warszawa 2001, 15–28 and based on the publication: Wolski T., Kędzia B.: Skin pharmacotherapy. Vol. 1, Structure and physiology of the skin. Advances in Phytotherapy, 2019, 1
1.1.4. Granular cell layer (stratum granulosum) 
The granular layer consists of several rows of spindle cells containing cytoplasm filled with keratohyalin (keratin precursor), which contains specific proteins such as loricrin, involucrin, cornifin and profilaggrin. Keratinization mechanism of cells involves the loss of the nucleus, transformation into the stratum lucidum and then into the stratum corneum. Moreover, the granular layer is permeable to amino acids, enzymes, hormones/phytohormones, ultraviolet rays and fat-soluble vitamins. 
1.1.5. Light layer of the epidermis (stratum lucidum) 
The stratum lucidum is a dead layer of epithelial cells located between the stratum granulosum and stratum corneum and is impermeable to ultraviolet rays. 
1.1.6. Corner cell layer (stratum corneum) 
The stratum corneum consists of several rows of dead keratinocytes, or corneocytes, cells of the final process of the keratinization mechanism. Keratin proteins, which are part of the stratum corneum, are responsible for binding water and providing elasticity. On the surface of the corneal cell layer there is a lipid coat composed of lipids and sebum secreted by the sebaceous glands, which is connected to corneocytes via corneodesmosomes. 
1.1.7. Dermis (corium, dermis) 
The dermis is the thickest layer and is located just below the epidermis. It is composed of three layers: reticular – which constitutes a significant part of the total thickness of the skin, papillary and subpapillary layers. The dermis also includes skin appendages, blood vessels and nerve endings. 
The main functions of the dermis include the supply of nutrients and oxygen via blood vessels to the living cells of the epidermis, mechanical protection, and temperature regulation through the sweat secretion mechanism, as well as the perception of touch, temperature and pain sensations. 
In the dermis, there are heterogeneous mesenchymal cells – dermal dendrites, which are divided into two types. Type 1 dendrites are localized around the capillaries of the papillary dermis, show mesenchymal markers (e.g. vimentin). Type 2 dendrites are found in the dermis (mainly within hair follicles) and express antigens HPCA-1, CD34 and HLA-DR.
1.1.8. Reticular layer (stratum reticulare) 
The reticular layer consists of elastin fibers – formed from α-helical segments, collagen fibers – composed of collagen types I and III, and reticulin fibers – composed of collagen type III. The fibers of the reticular layer include connective tissue cells composed of mast cells, histiocytes and fibroblasts, which main function is the induction of glycosaminoglycans (including hyaluronic acid), growth factors (TGF-α, TGF-β, PDGF, FGF, KGF, EGF), collagen, elastin or collagenase. The reticular layer contains numerous blood vessels, and reticular fibers are found only around the skin glands and blood vessels. 
Mast cells are a type of innate immune cell. They are located in the dermis, at the medium and deep level, as well as in the hair follicles, nerves, blood vessels and, less often, in the perivascular areas. They are responsible for many skin reactions caused by external stimuli – mechanical, chemical and physical. Mast cells were first described by Dr. Paul Ehrlich in 1878. 
Histiocytes are immune cells capable of proliferation. Moreover, they are connective tissue cells. These cells arise in the bone marrow from monoblasts. They circulate in the blood in the form of monocytes. They are also located in the lungs, spleen, skin and lymphatic glands. Resting histiocytes can change their form and transform into migrating or free macrophages. 
Fibroblasts (fibrocytes) are the basic cells of both the dermis and connective tissue. The main function of fibroblasts is the synthesis of all types of fibers, they are also responsible for the production of antibodies and enzymes necessary for the synthesis of collagen, such as proline 4-hydroxylase. Fibroblast derivatives, myofibroblasts are involved in the wound healing process. 
1.1.9. Subpapillary layer (stratum subpapillare) 
The subpapillary layer consists of elastic fibers and collagen fibers. The subpapillary layer includes superficial arteries, veins and nerves. This layer connects to the reticular layer. 
1.1.10. Papillary layer (stratum papillare) 
The papillary layer includes reticulin fibers, i.e. connective tissue fibers, as well as nerve fibers, capillaries, sweat glands, sebaceous glands and hair follicles. This layer is located between the subpapillary vascular rete and the epidermis. In the papillary layer are distinguished nerve fibers, blood vessels, lymphatic vessels, peripheral smooth muscles and receptors. The papillary layer is also composed of elastin and collagen fibers. 
1.1.11. Skin appendages (adnexa cutis) 
The skin appendages include hair follicles, solitary sebaceous glands, and eccrine and apocrine sweat glands. 
Solitary sebaceous glands (glandula sebacea) 
Solitary sebaceous glands belong to the holocrine glands and are closely related to hair follicles. The epithelial lipid mixture consists of triglycerides, waxes, squalene, free fatty acids, cholesterol esters, cholesterol and other sterols and hydrocarbons. The main role of sebum is to protect against bacterial, chemical and mechanical factors. 
Eccrine sweat glands (eccrine sudore glandulis)
Eccrine sweat glands are located on the surface of the entire skin, and their key role is thermal regulation. The chemical composition of sweat is hormonally determined and regulated by climatic conditions and food intake. Sweat is dilute salt solution containing numerous minerals, lactic acid, urea, lipids and carbohydrates. 
Apocrine sweat glands (glandula sudorifera apocrina) 
Apocrine sweat glands are associated with hair follicles and are predominantly found in the genital and axillary areas. Their mechanism of action is regulated by the sympathetic nervous system through fibers adrenergic. 
1.1.12. Subcutaneous tissue (tela subcutanea, subcutis) 
Subcutaneous tissue is the deepest layer of the skin and consists of connective tissue (including adipose tissue). This layer plays an important role in storing nutrients, providing energy, thermoregulation and protects against mechanical injuries. Reserve cells which are found located in the subcutaneous tissue are called adipocytes.
1.2. Hair structure and physiology 
Hair is one of the epithelial structures of the skin. There are to main functions of hair: protective – against ultraviolet radiation or cold, and sensory and psychological. When hair is formed in the skin, a hair follicle is formed, produced by the germinal zone of the epidermis. Subsequently, as a result of keratinization, the hair shaft is formed from the matrix shaft. The sheath originates from the epithelial part. The hair sheath is divided into inner and outer. The inner hair sheath includes the layer of Huxley and the layer of Henle. The outer sheath of the hair includes the spinous layer of the outer sheath and the basal layer. At the base the hair follicle is located in the papilla (derma papilla). It should be emphasized that damage to the papilla contributes to permanent hair loss. The obliquely located in hair root is connected to the hair follicle muscle, under which the sebaceous glands are located. The anatomical unit into which consists of the sebaceous gland, the apocrine gland, the peritrichial hair muscle and the hair follicle, it is referred to as the pilosebaceous apparatus. 
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Figure 1.3. 
Longitudinal and cross-section of the hair follicle and medulla 
Source: http://www.handsomemen.pl/wlosy,wlosy,struktura_wlosa_i_jego_rozwoj.html 
The sebaceous glands, classified as holocrine glands, are connected to the hair follicle, directly influencing the discharge of sebaceous gland secretions through the hair follicles. The wall of the hair follicle is composed of the hyaline membrane and the outer and inner root sheath. Stem cells are located in the hair bulge, located between the hair bulb and the ostium of the sebaceous gland. The hair bulge is closely related to the attachment of the parahair muscle. This is also an area where epithelial stem cells are located. 
The arrector pili muscle comes from the mesoderm, and its innervation is related to small cholinergic fibers and noradrenergic fibers. At its distal end, in the upper part of the dermis, there are attachments, while its proximal end is located in the bulge at the base of the hair follicle. 
Mesenchymal stem cells together with fibroblasts are located in the hair papilla and the fibrous hair capsule. The hair capsule is composed of the hyaline membrane, a layer of circular fibers and a layer of longitudinal fibers. Papillae cells, together with matrix cells, stimulates the Wnt signaling pathway (responsible for maintaining and initiating hair morphogenesis), which leads to proliferation, i.e. multiplication of matrix cells. This mechanism activates the cells of the hair cortex as well as the cells of the inner hair sheath. Wnt signaling consists of in turn with Wnt10, which promotes hair neogenesis, and Wnt3a, which induces hair formation.
The outer hair cuticle consists of Merkel cells, Langerhans cells and pigment cells – melanocytes. Hair follicles contain many stem cells capable of self-renewal, including the previously mentioned epithelial stem cells, which determine proper hair renewal. It is worth emphasizing that the regenerative capacity of skin progenitors and hair follicles are determined by the limitation of miR-24, mediated by targeting Plk3. 
The following formation of dermal papillae, signals is released inducing the formation of the inner root sheath, which leads to the development of the hair shaft. 
Hair consists of: 
• the core (central layer, medulla), the core is composed of flat cells with medium keratinization and a low content of pigment grains; 
• the cortex (middle layer, cortex), composed of cortical cells that are 100 μm long and between 1 and 6 μm thick; hair cortex cells containing melanin grains influence the intensity of hair color; 
• the sheath of the hair (outer layer, cuticle), composed from cuticle cells, amorphous keratin arranged in a roof-like manner, between 5 and 10 μm in length and 0.3 and 0.5 μm in thickness.
The diameter of the hair ranges between 50 and 100 μm. 
1.2.1. Hair follicle stem cells 
Hair follicle stem cells are located within the bulge of the outer sheath of the hair root. They are characterized by ability of proliferative they are multipotent, they have unlimited self-renewal capacity. The bulge of the hair follicle is the primary location of the skin keratinocytes stem cells that express the epidermal growth factor (EGF) receptor as well as platelet-derived growth factor (PDGF). The vesicular envelope expresses PDGF-α and PDGF-β receptors. In addition, stem cells are also accumulated in the upper part of the vibrissal follicle to form the epidermis, sebaceous glands, and the hairline. The factor receptor is expressed at the bottom of the hair follicle bulge nerve growth. Keratin 
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