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Abstract
Aim: Scarring is a physiological process in adult wound repair. Although keratinocytes and fibroblasts are the main
cell types of the skin, they differ in migration behaviour and inflammatory responses depending on their location in
the body. The aim of this article is to describe wound repair in genital skin and to depict differences with regard to
skin anatomy and cellular responses to inflammatory stimuli in acute and chronic wound healing.
Methods: This report reviews data from patients undergoing reconstructive and aesthetic plastic surgery as
well as published studies on genital wound repair. Genital surgery comprised plastic reconstructive surgery after
urological interventions of biological men and women, tissue from trans-males and trans-females undergoing gender
reassignment surgery and tissue from patients undergoing aesthetic genital surgery. The cohort comprised a total of
68 patients (32.9 ± 11.3 years), of which 31 were male (mean 30.4 ± 9.3 years) and 37 were female (34.9 ± 12.5 years;
mean ± SD).
Results: Wound healing in genital skin markedly differs from other areas of the body due to its anatomical features,
microbiome, and elevated hormonal responsiveness. Human genital skin is highly extensible and unusually rich
in elastic fibres, and it lacks the mechanical anchorage and tensile properties typical of non-genital regions.
Acute injury resolves rapidly due, in part, to rapid resolution of the inflammatory response. In contrast to scarring
responses on other body surfaces, genital skin wounding is resolved by shrinkage or fistula formation.
© The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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Conclusion: The embryological origins of genital skin fibroblasts, together with the gender-specific hormonal
environment, contribute to the unique phenotype and healing properties of genital skin. When performing genital
surgery, it is of utmost importance to be aware of the differing responsiveness of genital tissue to trauma, surgery,
and repair.
Keywords: Genital skin, hormone sensitivity, shrinkage, scarless, oestrogen, testosterone

INTRODUCTION
The skin is our largest organ, consisting of a variety of cells, layers, adnexa such as hair follicles, sebaceous
and sweat glands, and with nerve endings sensing pain, pressure, vibrations and temperature. All these
entities act in concert to sense and to protect us against the outside world, e.g., physical, chemical and
biological influences (temperature, radiation, desiccation, trauma, chemicals, microbia, etc.). Furthermore,
the skin is of utmost importance for us to perceive our environment and for communication. Our skeleton
and the musculature provide the inner framework, which the skin covers as outer surface. The elasticity
and robustness of the skin are optimized for growth, joint motion and shear and tear.
As stated above, the integrity of our outer envelope is the prerequisite for survival. A whole body of
literature and knowledge is available on the physiology of skin wound healing and scarring as summarized
in this PAR issue. Interestingly, little is known on the anatomical features and pathophysiology of genital
wound repair. This may be due to the fact that trauma to the genitalia is rare with only 5.3% of combat[1]
or 1.5% of burn injuries[2] afflicting the genital area. In contrast, infections are quite common. With the
commensal microbial colonization of the vagina, urinary orifices or anus, the genital skin is constantly
exposed to a high variety of putative intruders. Minor lesions can cause bacterial penetration into deeper
tissue layers and manifest as abscess, gangrene or fasciitis, also known as Fournier’s gangrene with a
high mortality[3]. Due to the life-threatening character of genital infections, immediate and thorough
debridement is the only cure followed by defect reconstruction after recovery in an interdisciplinary setting
comprising urologists, gynaecologists, and general as well as plastic surgeons.
Despite of the fact that 30% of males are circumcised world-wide, almost no data exists on genital wound
healing and scarring[4]. In recent times, the number of surgical interventions for gender reassignment
surgery and genital aesthetic surgery, especially labioplasty, has increased enormously with the need for
more information on genital skin repair processes. It is also striking that female genital mutilation/cutting
(FGM/C) patients have little to no hypertrophic scarring or keloid formation. This is in contrast to clinical
observations of normal scar tissue formation in pigmented skin with a higher tendency for excessive
scarring. The aim of this article is to inform on the anatomy and microstructure of genital skin, to delineate
healing differences compared to skin of other body parts, and to encourage further research in this hitherto
neglected area of genital skin wound repair.

METHODS
Data on genital postoperative scarring were derived from our own patient cohort with an observational
period of 5 years. Pre- and postoperative examinations were performed as routine diagnostics and followups for patient care. Genital surgery comprised plastic reconstructive surgery after urological interventions
of biological men and women, tissue from trans-males and trans-females undergoing gender reassignment
surgery and tissue from patients undergoing aesthetic genital surgery. The cohort comprised a total of
68 patients (32.9 ± 11.3 years), of which 31 were male (mean 30.4 ± 9.3 years) and 37 were female (34.9 ±
12.5 years; mean ± SD).
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Tissue specimens were obtained after information and written patient’s consent. The study was approved
by the local ethical committees (Ethics Committee of the Medical Chamber of Bremen, no. 336/12 and
no. RA/RE 336; and of Bavaria, 2018-157). Tissues were harvested directly after surgery and fixed with 2%
paraformaldehyde and processed for cryosection.
Histological assessment

For comparison of skin derived from the genitalia or from other body parts, 6 µm cryosections were
cut and processed as previously described[5,6]. An overview of the cutaneous microstructure is provided
by hematoxylin-eosin staining as described previously[5]. For visualization of collagen fibres, Masson’s
trichrome staining was performed by using commercially available kit from Sigma-Aldrich (#HT15-1KT)[6,7].
In brief, cryo-sections were fixed in cold acetone at minus 20 °C for 5 min and then incubated in preheated
Bouin’s solution (Sigma-Aldrich HT10132) at 56 °C for 5 min. After that the sections were sequentially
incubated at room temperature in Biebrich scarlet-acid fuchsin solution for 5 min, working concentration
of Phosphotungstic/ Phophomolybdic acid for 5 min, aniline blue solution for 10 min, and 1% acetic acid
for 2 min. After dehydration, the sections were cleared with Roti-Histol (Roth 6640) and mounted with a
Roti-Histokitt (Roth 6638). Collagen was stained in blue, cells in red and nuclei in black. For elastic fibres,
Elastica van Gieson staining was performed by using commercially available kit from Sigma-Aldrich
(#115974), according to the manufacturer’s instruction.

RESULTS
Anatomy and histology of genital skin

Development of the outer genitalia and similarities between male and female tissues
To understand the microscopic features of the genital skin in both sexes, one has to keep in mind the
common origin of the genitalia with intrauterine differentiation due to hormonal influences. The outer
genital organs derive from genital buds, which develop into the penis or small labia and into the scrotum or
the big labia [Table 1, Figure 1]. Consequently, the microstructure of the genitalia is like the corresponding
part of the other sex, e.g., penis and small labia (labia minora) or scrotum and big labia (labia majora).
Skin architecture and biomechanics
Human skin is structured into the epidermis, the dermis and the subcutaneous fat layer. On many sites of
the human body, the subcutaneous fat is divided in two compartments by a thin fascia, the fascia cutanea
superficialis, also named “Scarpa fascia”. The Scarpa fascia is a remnant of the carnosus muscle found in
fur bearing animals. In the neck, the ancient muscle is still present as platysma and, in the genitals, as
Dartos muscle in the scrotal sac or Dartos fascia in the penis or Colles’ fascia in the labia. The absence of
anchoring structures provided by the subcutaneous fat layer is an explanation for the highly mobile genital
skin. Besides, the penis and the small labia are devoid of fat, whereas fat tissue is commonly found in the
big labia and in the scrotal sac in obese men. Another unique feature of the genitalia is the fact that they are
devoid of any skeletal fixation, neither to bone or cartilage structures. The biomechanics of genital organs
differ from tissues with underlying anchorage to stiff structures resulting in constant biophysical strain
and tension to the covering connective tissue and skin layers. The biomechanical environment and the
extracellular matrix architecture of the external genitalia create a low-tension state that may contribute to
reduced mechanotransduction.
Microscopic structure of genital skin
The genital epidermis differs from skin of other body parts in two main aspects, namely by being devoid
of hair (penis and small labia as well as the inner aspect of the big labia), and by being, in part, covered by
mucous epithelium, which does not keratinize and has no cornified layer (clitoris, glans penis, inner part of
the foreskin of glans and clitoris). The dermal structure of the genitalia differs from other skin sites as well.
The separation in upper, papillary dermis and lower, reticular dermis is less prominent as in non-genital
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Table 1. Skin structure of homologous male and female outer genitalia
Glans

Male
Of penis*

Foreskin

Of penis

Frenulum Frenulum penis
Penile shaft skin

Scrotum

Female
Of clitoris

Histological microstructure
Multilayered, non-keratinizing epidermis, dermal tissue with abundant nerve
endings
Of clitoris
Outer part: epidermis with cornified layer
Inner part: non-keratinizing epidermis; mucous epithelium; no fat tissue
Frenula clitoridis (paired) Non-keratinizing, mucous epithelium, no subcutaneous fat tissue
Small labia
Penis: epidermis with cornified layer, highly flexible attachment to underlying
tissue via Dartos fascia (Fascia penis superficialis)
Labia: outer surface with thin cornified layer; inner surface: no cornified layer
Both: no hair; no fat tissue; many elastic fibers
Big labia
Hair bearing epidermis (labia: only outer surface), epidermal cornified layer
Labia: subcutaneous fat layer and smooth muscle cells
Scrotum: no (or very little) fat, but contractile Tunica Dartos with smooth
muscle cells and myofibroblasts; in obese patients: fat tissue

*After circumcision, the epithelium changes into a keratinizing epidermis of the glans penis

Figure 1. Comparison of corresponding anatomical features in male and female genitalia. Genital buds differentiate into penis or
scrotum in males and into labia minora and majora in females respectively. Common features are the glans and the foreskin that covers
the glans in both genders. In females, genital buds separate and become labia, in males genital buds fuse and become scrotum and
penis. Remnants of the fusion process are seen in two parts of the septum scroti. Both septi contain their own vasculature[8]. (modified
after Mirastschijski and Remmel[9])

skin. The genital dermal structure is more loosely woven and contains abundant elastic fibres and less
collagen in comparison to other body parts [Figure 2]. High elasticity is a prerequisite for the frequent and
fast changes in volume and expansion of the genital organs, e.g., during penile erection or excitement with
higher perfusion and tumescence of the cavernous bodies, or for temperature regulation in the scrotal sac.
Hormone responsiveness of genital skin
Tissues and cells of genital and non-genital skin exhibit diverging expression of hormone receptors and
processing of sex hormones [Table 2]. Hormone responsivity of tissues has important impact on skin
wound repair[10]. Female and male hormones influence genital wound healing differently [Figure 3]. For
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Figure 2. Microstructure of the skin from different body areas. A: lower left arm, B: penis, C: small labia. Note the dense dermal
structure with multiple vessels in (A) and lose collagen bundles in (B) and (C) with high similarity of penile and labial skin. D: panel HE
staining, E and F: Elastica van Gieson staining. Arrow upper panel depicting epidermis, pD papillary dermis, rD reticular dermis. Note
abundance of collagen fibres in arm skin (red staining, black arrow; panel E and F) and abundant elastic fibres in penile and labial skin
(black staining, white arrows). Scale bar in A for upper two panels 500 µm, lower panel 40× magnification. G-O: Masson Trichrome
staining for visualization of collagen fibres (blue staining) in normal and scar tissues of different origin. G, H, I, N normal skin, K, L, M, O
scar tissue; G and K breast, H and L scrotum, I and M penis, N and O abdomen. Note abundant collagen bundles in normal breast and
abdominal skin (G and N) and densely packed collagen bundles in scar tissue of breast and abdomen (K and O, respectively). Thickened
dermal tissue in breast scar (K). Loose connective tissue with scrotal (H, L) and penile (I, M) normal and scar tissue without densely
packed collagen bundles as seen in non-genital scar tissue. Scale bars next to each specimen indicating magnification

example, oestrogens accelerate wound closure, whereas testosterone delays healing[11]. Skin is a major
source of extra-glandular sex steroid hormones. The intracellular enzyme aromatase converts the sex
hormone precursor dehydroepiandrosterone downstream into estrone or via testosterone into the more
potent 17β-oestradiol. Both oestrogens act via the oestrogen receptors and stimulate keratinocyte and
fibroblast migration[10]. In genital fibroblasts, aromatase expression is androgen dependent and oestrogens
stimulate fibroblast contractility without increasing alpha-smooth muscle actin expression or myofibroblast
differentiation[12]. Upon wounding, aromatase activity increases 400-fold in keratinocytes with increased
intracellular oestrogens. Oestrogens reduce the cellular inflammatory response via downregulation of the
pro-inflammatory cytokine macrophage migration inhibitory factor[13], by reduced toll-like-receptor-4
mediated mitogen activated protein kinase activation, by reduced macrophage infiltration into wounds and
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Table 2. Hormonal differences between genital and non-genital skin of both sexes
Genital skin
Higher expression in labia majora and minora;
Upregulated in fibroblasts and basal keratinocytes;
Co-localization with ER
Oestrogen receptors Highly expressed in penis and labia minora;
Restricted to basal keratinocytes and stromal fibroblasts;
Expression decreases with age
Testosterone
AR binding capacity of Testosterone higher;
30 times faster degradation;
Reduced effect on aromatase activity in low oxygen
conditions
Oestrogens
No conversion of 17β-estradiol into the weaker estrone;
Stimulate fibroblast contractility without ASMA
expression
Aromatase
Higher activity in fibroblasts with conversion of
testosterone into 17β-estradiol;
Dose-dependent reduced activity by testosterone;
Aromatase expression is androgen dependent
Androgen receptor

Non-genital skin
Only present in hair follicles and pilo-sebaceous duct
keratinocytes;
Low expression in extra-genital skin
Lower expression compared to vulva or vagina;
Expressed by keratinocytes and fibroblasts;
Absence in skin appendages or blood vessels
Higher rate of conversion testosterone into DHT;
Higher 5-α-reductase activity with irreversible
formation of DHT
3-fold increased metabolism of 17β-estradiol into the
weaker estrone
Expression in skin fibroblasts, keratinocytes of the
outer root sheath and in terminal hair follicles and in
cells of sebaceous glands and ducts

AR: androgen receptor; ER: oestrogen receptors; DHT: dihydrotestosterone; ASMA: alpha smooth muscle actin

Figure 3. Genital wound repair is influenced by moisture, hormones, biomechanics, microbial environment and specific skin morphology
that differs from skin of other body parts
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reduced pro-inflammatory signalling of interleukin-6 and tumour necrosis factor (TNF)-α[14]. Furthermore,
oestrogens are also important anti-oxidants that reduce cellular oxidative stress, apoptosis and increase
keratinocyte migration and collagen synthesis by dermal fibroblasts[15]. In menopausal women, cutaneous
oestrogen insufficiency manifests by atrophic skin changes, vulvar and vaginal exsiccation, and diminished
defence against reactive oxygen species.
Hormonal influences on genital skin during menopause
As stated above, genital tissue is highly responsive to hormonal cues and changes. The menopause is a
major incident in a woman’s live with effects on her social, physical and psychological health. In 2014,
a variety of menopausal symptoms were classified as Genitourinary Syndrome of Menopause[16], which
includes vulvovaginal atrophy in 84% of menopausal women[17]. Oestrogen insufficiency is the major
cause for menopausal skin symptoms such as dryness, decreased elasticity and hydration. 17-β-oestradiol
protects skin cells against oxidative stress, induces collagen production, controls cutaneous water content
and the dermal thickness. Oestrogen deprivation is followed by a decrease in tissue thickness and elasticity,
and a decrease in wound healing and scar formation[18]. Regarding genital changes, mucous membranes of
small labia and vaginal tissue react with dryness and atrophy on low oestrogen levels[19]. Topical oestrogen
application was successful in reversing atrophic changes of genital tissues[18].
Physiology of genital wound healing and scarring

Acute wound healing
Despite constant commensal colonization of genital skin and an absent cornified layer as a potent barrier
against microbial penetration, most genital wounds heal quickly and uneventfully. Communication with
colleagues from gynecology or urology mirrors our observations from genital reassignment or aesthetic
genital surgery. In contrast to skin of other body parts, genital wound healing is characterized by initial
swelling with fast resolution and by almost invisible scarring [Figure 4].
It is a well-known fact that wound healing is promoted by a moist environment - present on mucous
surfaces. Furthermore, inapparent scarring might be due to the fact that abundant elastic fibers are present
in genital skin compared to normal skin and to the absence of tissue tension due to lack of fixation to
underlying bone or cartilage. The disadvantage of the absent attachment to skeletal structures of genital
skin is its tendency to shrink when a chronic inflammatory stimulus is present [Figure 3].
Influence of microbial colonization
Surfaces of mucous epithelia are inhabited by a microflora that differs from normal skin as well. Despite
the missing cornified barrier and abundant commensal habitation, genital infections are rare (as in the
oral cavity) but in the event of bacterial penetration, infections can be disastrous with high mortality. One
example of a life-threatening genital infection is Fournier’s gangrene that can only be cured by extensive
and deep debridement of infected skin and underlying tissues as well as antibiotic therapy[3]. Constant
exposure to commensal microbia is reflected by differential cellular immune responses with higher
expression of antimicrobial peptides (AMPs) and defensins. The immune response and resolution are fast
with conversion of M1 to M2 macrophages and reduced expression of pro-inflammatory cytokines[15]. Upon
injury, skin cells increase IL-1α production 15-fold in comparison to vaginal epithelial cells which show
only a 3-fold increase. IL-1β and TNF-α are secreted by cutaneous epithelia in contrast to mucous epithelial
cells[20]. With regard to pro-fibrotic mediators, transforming growth factor (TGF)-β is significantly elevated
in normal skin keratinocytes but not in mucosal epithelia and without induction of fibrotic processes in
the underlying connective tissue. In summary, the reduced inflammatory response of mucosal epithelia to
injury ensures fast wound closure.
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Figure 4. Clinical examples for genital scarring in male and female genitalia. A: almost invisible scar after circumcision. Note color
differences between the inner and the outer part of the foreskin; B: scrotal scarring after massive trauma and scrotal reconstruction; C:
invisible scarring after esthetic reduction of the small labia; D: scarring seen in FGM/C after reconstructive surgery; E, F: scarring after
gender reassignment surgery: E: female-to-male gender reassignment with scarring between the clitoridal insertion sutures into the
penoid (arrow) which was performed by a thigh flap; F: male-to-female gender reassignment situs with almost invisible scarring (arrow)
seen on the big labia (constructed out of scrotal and penile skin)

Pathophysiology of chronic genital repair processes

Foreign body granuloma
Many different substances are in use for penile enlargement, e.g., vaseline, paraffin, liquid mercury,
silicone, or cod liver oil. A chronic inflammatory reaction due to foreign bodies was followed by granuloma
formation, infections, swelling, and local tissue necrosis [21]. Polymethylmethacrylat microspheres,
autologous fat or silicone implants are approved in certain countries for penile enlargement surgery[22,23].
The placement of permanent, alloplastic foreign body material in an environment populated by a variety of
commensal microbes is risky due to the inherent danger of infection. In case of granuloma, tissue necrosis
or implant infection, the foreign material must be removed with subsequent tissue loss. Foreign body
materials can initiate a chronic inflammatory process with subcutaneous tissue fibrosis leading ultimately
to a shrinkage of the entire penile shaft or to massive epitheloid cyst formation as seen in women after
FGM/C. Of note, tissue shrinkage occurs in the subcutaneous compartment rather than in the penile shaft
skin.
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Autoimmune diseases
Lichen sclerosus et atrophicus (LSC) is the most common chronic dermatitis of the genital skin which leads
to fibrosis and tissue shrinkage and atrophy. Autoimmune responses govern the histological appearance
with epidermal atrophy, hyalinization of the upper dermis and immune cell infiltrate. In patients with
chronic disease, sclerotization of the tissue is found[24]. LSC is found in females and males with a ratio of
up to 10:1 with increased occurrence in pre-pubertal and post-menopausal women. In men, LSC is the
most common cause of acquired phimosis[25] and affects the glans and the prepuce. In chronic disease,
these atrophic lesions can lead to a complete destruction of the vulva with shrinkage of the small labia and
narrowing of the vaginal entrance. The patient’s quality of life is severely reduced due to chronic itching
and pain. LSC is associated with squamous cell carcinoma in 5% of women[26] and up to 30% of men[25].
Another related dermatosis, the Lichen planus, presents with similar symptoms and aetiology which makes
the initial differentiation between Lichen sclerosus and Lichen planus difficult[27]. Finally, patients suffering
from Behçet’s or Crohn’s disease may have genital manifestations of their primary autoimmune disease as
well.

DISCUSSION
Abundant of knowledge is available regarding normal and pathological wound healing and scarring of skin
tissue from the whole body except for the genital skin. Because the genital area is generally considered
as embarrassing, patients rarely contact gynaecologists, urologists or plastic surgeons for reconstructive
measures. If so, little expertise is present as reflected by the sparse literature available on genital
wound healing and scarring. In the past decades, gender reassignment surgery, labioplasty, and plastic
reconstructive surgery in FGM/C has been established in plastic surgery with rising awareness that genital
skin pathophysiology differs from skin from other body areas.
Interestingly, hypertrophic scarring to the genitalia is uncommon even when dark skin types are
considered. After circumcision or aesthetic labia reduction, almost invisible scars are the result. This
phenomenon is explained by genital skin biomechanics and morphology with three key characteristics that
are eminent to genital skin, namely: (1) lack of skeletal support and reduced tissue tension; (2) abundance
of elastic fibers; and (3) presence of superficial cutaneous fasciae, e.g., the Dartos fascia. Tissue tension and
TGF-β are of pivotal importance for scarring and tissue fibrosis[28]. Bone and cartilage are part of skeletal
structures that provide anchorage for muscles, tendons and other connective tissue structures with the
skin spanning over all tissues as outer barrier. Hence, intact skin has an intrinsic, physiological tension
which is released after full-thickness incisions or trauma and is visible as gaping wound edges. The human
genitalia are not supported by a skeletal framework, and thus genital biomechanics differ from other body
parts. The skin is loose and highly flexible - important characteristics for fast volume changes during sexual
intercourse or child birth. Abundance of elastic fibres in genitalia is the prerequisite for tissue elasticity that
is required for volume changes during erection. Elastic fibres are located to the Dartos fascia that is found
beneath the dermis, reminiscent of the carnosus muscle found in fur bearing animals. In humans, the
platysma muscle of the neck, palmaris brevis in the hand and the Dartos fascia belong to the panniculus
carnosus. In pathological conditions such as buried penis or hypospadias, a significant reduction of elastic
fibres and tissue elasticity is found in the Dartos fascia[29]. Furthermore, chronic genital inflammatory
conditions such as LSC are characterized by decreased elastic fibres, tissue fibrosis and atrophy[25,30]. Our
data show that the morphology of genital skin differs to skin from other body sites by having a thin
epidermis and no fat tissue, but instead displaying a superficial cutaneous fascia (Dartos fascia in men or
Colles fascia in women) with abundant elastic fibres.
In plastic surgery, tension-free wound margins are mandatory for unimpaired wound healing with almost
invisible scarring. Lack of skeletal anchorage, highly elastic skin and abundance of tissue are advantageous
for acute wound closure of genital skin. Interestingly, almost no scarring is found after routine circumcision
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in men[31]. After traumatic skin loss of about half of the scrotal sac, the defect can be closed primarily
with the remaining scrotal tissue[8,32]. Furthermore, abundant genital tissue provides the means for various
local flaps which are commonly used for scrotal and penile reconstruction[33,34] or gender reassignment
surgery[35].
The importance of hormones on cutaneous repair is well established[10]. Unfortunately, most studies used
skin tissue from non-genital body areas with no information on performance of genital skin in wound
repair. Genital skin possesses the whole armamentarium to synthesize its own sex hormones[36] and an
abundance of corresponding receptors to stimulate repair processes[15,37]. During aging, hormone levels
decrease and the cytoprotective effect of oestrogens ceases[38]. Increased inflammation due to inflammatory
cell recruitment, matrix metalloproteinase secretion and tissue degradation with subsequent loss of
extracellular matrix are the cause for generalized tissue atrophy including genitalia with loss of elasticity[15].
In post-menopausal women, oestrogen deficiency is followed by vulvar and vaginal dryness and atrophy
that can be - in part - reversed by local or systemic hormone replacement therapy[39].
Chronic inflammatory diseases such as LSC lead to tissue fibrosis with epidermal thickening and to a
shrinkage and atrophy with complete tissue destruction of the outer genitalia in the long-run. Interestingly,
excessive scarring is rarely found in genitalia but atrophy and shrinkage is. In contrast to the genital
skin, hypertrophic scarring and scar contractures are frequently seen after trauma or burns in body areas
adjacent to the genitalia, e.g., the groin or the perineal crease[31]. A novel and seemingly successful approach
to tackle LSC in women was published by Italian gynaecologists who used autologous lipofilling for vulvar
atrophy[40]. Fat grafts are known for their pain-reducing and anti-inflammatory properties[41,42]. Aside from
immunological effects, the fat graft restores the volume of vulvar structures and changes biomechanics as
well[43,44].
The presence of mucous epithelia characterizes not only genital skin but also the oral cavity. As stated
above, little data is available on genital mucosal wound repair but abundant knowledge on oral mucosal
cell behaviour is, which might be comparable for both body parts. Like oral wound repair[45], genital
wounds heal faster, with less scarring and faster resolution of the inflammatory response compared to
normal skin[46]. An important observation was the diverging angiogenesis between oral and normal skin.
Oral wounds develop less but functional vessels for wound tissue revascularization in contrast to abundant
immature capillaries in granulation tissue of normal skin[47]. Unfortunately, no data is available on
angiogenesis in genital wound repair.
Faster wound repair of oral keratinocytes was attributed to higher proliferation rates, faster migration and
independence from paracrine stimuli by underlying connective tissue cells[48]. Seemingly, the epithelial
response to injury governs the local inflammatory reaction and subsequently scar formation by the
underlying dermal tissue. In previous studies it was shown that vaginal epithelium responds to injury
with less IL-1β and absence of TNF-α secretion in comparison to skin keratinocytes with reduced scar
formation[20]. Similar effects were found upon IL-1β stimulation with higher levels of IL-6 and TNF-α in
epidermal compared to oral keratinocytes with faster wound closure implying a robust responsiveness of
mucosal cells to inflammatory stimuli[49]. Further research on genital tissue is needed to verify if findings
from the oral cavity correspond to genitalia as well.
Barrier epithelia are constantly exposed to the commensal microbial flora and elicit differential immune
responses to continuously present bacteria in contrast to localized infections. Moreover, genital epithelia
face exposure to foreign microbia during sexual intercourse. AMP such as defensins belong to the epithelial
repertoire of antimicrobial defence mechanisms[50] and are physiologically secreted at low levels for
protection against the commensal flora[51]. Bacterial infection with depletion of the indigenous microbial
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population initiates the secretion of proinflammatory mediators with increased and differential AMP
expression in the female reproductive tract[51,52]. While β-defensin-1 is constitutively expressed by mucosal
epithelia, β-defensin-2 and -3 are found during inflammation and infection[53]. Less β-defensin-2 was found
in migrating cells from a bioengineered skin construct composed of human foreskin cells in comparison
to full-thickness skin graft sampled from the thigh[54]. Because foreskin derived cells are frequently used
as human skin cells in experimental studies, further research is needed with comparison of cellular
performance between genital and non-genital cutaneous cells.
In summary, genitalia comprise epithelial and connective tissues with varying morphology and
inflammatory responses to trauma. Lack of skeletal anchorage, abundance of connective tissue with high
content of elastic fibres and presence of superficial fasciae provide different biomechanics and scarring
behaviour of genital skin in comparison to other body parts. Reconstructive procedures should take the
characteristics of genital tissues into consideration when planning defect closure with functional restoration
of micturition and sexuality. As a consequence, complex surgical interventions of the genitalia and adjacent
body areas should exclusively be performed by experienced specialists, preferably in an interdisciplinary
setting.
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