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FIGURE I-6. Relaxed skin tension lines of the face at rest with gravita-
tional forces exerted from a seated position. With aging and sun exposure
the lines become more pronounced.
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FIGURE I-7. Relaxed skin tension lines of the body vary slightly in women (A) and men (B).
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FIGURE I-8. A through D, Relaxed skin tension lines of the extremities.

FIGURE I-9. The compression test to determine the relaxed skin tension lines. A, Compres-
sion of the skin between the thumb and forefinger produces wrinkles and defines the placement
of incision lines. B, Compression produces little wrinkling and convinces the surgeon that this

is not the correct orientation for the incision.
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Fetal skin

24 weeks Full term Adult

Mean + Mean + Mean *
Cheek 830 40
Forehead 1060 1060 110 765 20
Scalp 350 50
Forearm 95 15
Thigh 1010 250 480 40 55 5
Lower leg 45 10
Abdomen 70 15
Chest 75 25
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Telogen |

The hair cycle. (From Disorders of
Hair Growth, McGraw-Hill.)
Dermal popills 4 i s shed

‘ Scalp hair follicle in Anagen 2 stage of development. The

‘ club hair from the previous cycle is still present within the follicle.
(Courtesy of Dr A.J.G. McDonagh, Royal Hallamshire Hospital,
Sheffield, UK.)
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Epidermis

Infundibulum

Isthmus ____| Sebaceous gland
B Hair shaft
b Inner root sheath Arrector muscle
gland
Arrector Outer root sheath
pili muscle

__ Dermalsheath
o Melanocytes
J Dermal papilla

Connective tissue
sheath

Hair bulb matrix

Sweat gland
Diagram of an anagen hair follicle.
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Epidermis

Posterior nail fold
Cuticle

Lunula

Lateral nail fold

Bone
Vertical collagen fibres
Nail matrix

Distal margin of lunula

Nail bed Ep‘idermis
Hyponychium ) Longitudinal section of a digit
showing the dorsal nail apparatus.
Dorsal

Intermediate  Mail plate
Dorsal

Ventral

1 |

I
Matrix subdivisions Direction of differentiation and
cell movement within the nail apparatus.
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PATHOGENESIS OF ACNE ‘

Epidermis

Sebaceous
lobule

Epithelium —4

of sebum secretion

Early comedone Later comedone Inflammatory papule/pustule Nodulefcyst
+ |nfundibulum + Accumulation of shed keratin * Propipnibactenium acres * Marked inflammation
— hyperkeratosis and sebum proliferation * Scarring
comeocyte cohesiveness * Formation of whorled lamellar * Sebaceous lobule regression
* Androgen stimulation concretions * Mild inflammation
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‘GENETIC EXTRACELLULAR MATRIX DISEASES OF THE SKIN

Protein Gene OMIM Disease Phenotypic features in the skin and other organs
Collagen | (o, & o1, chain) COL1AT #130000 Ehlers-Danlos syndrome Type | and VIIA | Hyperextensible and fragile skin
CoL1A2 #225410 Ehlers-Danlos syndrome Type VIIB Hyperextensible and fragile skin
Collagen 1 COL3AT #130050 Ehlers-Danlos syndrome Type IV Thin, fragile skin with extensive bruising (arterial fragility)
Collagen V (¢t; & u; chain) | COLSAT #130000 Ehlers-Danlos syndrome Type | Severe phenotype; hyperextensible and fragile skin
COLSAZ #130010 Ehlers-Danlos syndrome Type Il Less severe phenotype; hyperextensible and fragile skin
Collagen VI COL6AT, #254090 Ullrich disease Puffy skin, muscular dystrophy
COL6AZ2
Collagen VIl CoL7A1 #131750, 226600 | Dystrophic epidermaolysis bullosa Skin blistering
Collagen XVII COoL17A1 #226650 Junctional epidermolysis bullosa Skin blistering
Fibrillin 1 FBNT #154700 Marfan syndrome Striae atrophica
Elastin ELN #123700 Cutis laxa In elastic, redundant, ‘too large’ skin
ABCC6 transporter ABCCa #177850, 264800 | Pseudoxanthoma elasticum Yellowish papules, laxity of skin
Lysyl hydroxylase PLOD #225400 Ehlers-Danlos syndrome Type VI Hyperextensible and fragile skin (ocular fragility)
ADAM-TS2 ADAMTS2 | #225410 Ehlers-Danlos syndrome Type VIIC Sagging, redundant and fragile
(procollagen N-proteinase)
ATPase, CUJ“-Lmnspurting, ATP7A #304150 Occipital horn syndrome Hyperextensible, lax skin
w-polypeptide
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Ehlers-Danlos Syndrome

Type Clinical Features Imheritance Biochemical Defect
I: Gravis Soft. velvety., hyperextensible skin; AD Not known
easy bruising: ““cigarette paper’”
scars: hypermobile joints: varicose
veins: prematurity
I A: Mitis Similar to EDS type | but less severe Al Not known
B: Recessive Similar phenotype: aortic dilatation (AR, rare) COL1A2 “"null™ alleles
111: Familial hypermobility Soft skin. no scarring, marked large AD Not known
and small joint hypermobility
IV: Arterial Thin. translucent skin with visible AD Mutations in the COL3AI gene tha
wveins: marked bruising: s and affect type 11l procollagen
Joints have normal extensibility: synthesis, secretion. or structure
arterial. bowel, and uterine rupture
Vi X-linked Similar 1o EDS type 11 XLR Not known
Vi: Ocular Soft, velvety, hyperextensible skin: AR Lysyl hydroxylase deficiency due 10
hypermobile joints, scoliosis: ocular mutation in the LOH gene
fragility and keratoconus
VIl: A and B C ital hip disl i Joint AD A: COLLAL exon 6 skipping mutation
Arthrochalasis hypermobility: soft skin with that deletes N-proteinase cleavage
multiplex congenita normal scarring site
B: COLIAZ exon 6 skipping mutation
that deletes N-proteinase cleavage
e
C: Dermatosparaxis Very soft, fragile skin; excessive AR C: N-proteinase deficiency
bruising: umbilical hernia: marked
Joint laxity
WVII1: Periodontal Generalized periodontitis; skin similar AD Mot known
o EDS type 11
IX: X-linked cutis laxa, Soft, extensible, lax skin: bladder LR Copper utilization defect with
occipital horn diverticulae and rupture: short abnormal copper enzymes,
syndrome arms, limited pronation and particularly lysyl oxidase: allelic 1o
supination, broad clavicles. Menkes syndrome
occipital horns
X: Fibronectin defect Similar 1o EDS wype 11 AR Defects in fibronectin

AD = il AR =

healing and decrease the likelihood of abnormal scar forma-
tion. The precise incidence of EDS type I is not known:
estimates are on the order of 1 per 20,000. The life exp ¥

XLR = X-linked recessive.

is frequently seen. EDS type III is probably the most
common type of EDS but precise figures are lacking and
discrimination from variants of normal is often difficult.

for individuals with EDS type | is normal.

EDS type 11, also a dominantly inherited disorder, is
characterized by joint laxity and by soft, hyperextensible,
fragile skin. The phenotypic presentation is generally less
severe than in EDS type I; prematurity rare, varicose
veins are less frequent, and the skin fragility is less. Mitral-
valve prolapse is common. and premature degenerative
arthritis develops in some individuals with EDS tvpe 1I. The
biochemical basis of this disorder is not understood, but the
morphologic alterations in dermal collagen fibers and fibrils
are similar 1o those seen in EDS type 1. It is not clear
whether EDS types I and 11 are allelic mutations or mutations
in different genes (for example, mutations in COL1A1 and
COL1A2 that interfere with C-terminal propeptide cleavage).
Linkage studies and additional biochemical investigations
will be necessary before the molecular basis of these disor-
ders can be elucidated.

EDS type Il is a dominantly inherited disorder character-
ized by marked joint hypermobility. recurrent joint disloca-
tion, and soft but not hyperextensible or fragile skin. Affected
infants may be slow to walk because of joint laxity. The
major complications of EDS type III are recurrent joint
dislocation, which may require surgery for stabilization, and
early-onset degenerative joint disease. Mitral-valve prolapse

Treatment. There is no specific therapy for these three types
of EDS. Dietary supplementation with ascorbic acid has
been recommended with anecdotal reports of decreased
bruising and a trend toward normalization of joint hypermo-
bility. However, because joint mobility usually decreases
with age, these reports are difficult to evaluate.

The major differential diagnosis for EDS types I and II
includes EDS types V, VI, VIII, and X (see below). EDS
type 111 is most commonly confused with a variant of normal.

Biochemical, Genetic, and Structural Studies. The biochemi-
cal basis of EDS types I, 11, and 111 are not known. Gt;nlr_“c
linkage studies using polymorphic endonuclease restriction
sites in COLIAI, COLIA2, and COL2A1 have excluded
those genes as sites of mutations in some families.*™ Nonel!\ﬂ'
less, biomechanical studies of skin fragments are suggestive
of abnormal collagen in dermis.* EM studies of dermis have
demonstrated larger than normal collagen fibrils. frequent
composite fibrils, and smaller than normal bundles™'-*** (Fig-
134-12). While these studies indicate an abnormality in the
formation of the usual dermal collagen structures they do
not identify the specific biochemical abnormality.

CLASSIFICATION OF EHLERS-DANLOS SYNDROME

EDS ftype* Traditional® Clinical Features Inheritance | Mutated gene/protein
Classification

Class|cal Il Hyperextensible skin and joint hypermobility, atrophic scars, AD, ARY COLSAT, COL5A2/a1- and o2-chains of
easy bruising type V collagen; THX/tenascin-X

Hypefmobility i oint hypermobility, pain, dislocations AD

Vascular v Thin skin, arterial, gastrointestinal or uterine rupture, bruising, | AD COL3A1 fal-chain of type Ill collagen
small joint hypermobility, fragility of different tissues

Kyphpscaliosis Vi Hypotonia, joint laxity, congenital scaliosis, ocular fragility AR PLOD/lysyl hydroxylase

Arthrpchalasia Viia, Vilb Severe joint hypermobility with congenital dislocation, AD COLIAY, COL1AZ{a1- and n2-chains of
skin invalvement mild, scoliosis, bruising type | collagen

Dermjatosparaxis | Vilc Severe skin fragility and hyperextensibility, bruising AR ADAMTS-2/procollagen

N-peptidase
Otheft Y, Vi, X, XI
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Four a-keratins twisted into a lefi-handed superhelix.
Each c-keratin is coiled into a right-handed c-helix,
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HAIR SHAFT STRUCTURE
Macratibril Hairshaft
Microfibnl 300 nm)
Pratafibiil {7-10 nm) Sl R—
(4.5 nm}

___ Superhelix of
keratin molecules

Cortex

Cuticle
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DISTRIBUTION OF KERATINS AND NON-KERATIN
PROTEIMNS IN THE NAIL APPARATUS

Anatomical Keratins (key examples) MNon-keratin proteins
FEENCH] Soft keratins Hard keratins
Mail plate K14, Kle, K17, Ha 1-4 Ultrahigh-sulfurproteins
bt Etorlos High sulfurproteins
High glycine-tyrosing proteins
|:| Trichohyliin
Proximal nail K10, K14, Actin, involucrin, filagerin®,
matrix K16, K17 trichohyalin®, plasminogen-
Kl, KS, K& activator-inhibitor

I:I type 1, laminin

Distal nail K10, K14, K20 Ha 1

matrix Kl. KS

Mail bed K14, K16, K17, Trichochyalin, plasminogen-
K5, K&, K7 activator-inhibitor

- twpe 1, laminin

Hyponychium K10, K14, Lamirnim

IE K1, KS

Tip Kit, K17

] Ks

Embryonic nail K19

unit
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: tyrosine DOPA
hydrorylase/lyiosinase oxidase/tyrosinase

o “““W LY —

tyrosine F DOPAq‘.IImne

DOPAchrome
tautomearase/ Dt TRPZ

HO 0

00 o — ]@7 a
HO NH  CO.H Ho
DHICA DOPAchrome
ﬁ.ﬁm "DHICA oxidase/TRP1* DHI axidase/
: and DHICA palymerase/ tyiosinase v
Pmel17/silver protein HO COH

0] 0
Nl o N
0 NH,  COH 0 NH

indale-5,6-quinone-2- indole-5,6-quinone
carboxylic acid

alanyl-hydroxyl-
benzothiazine

DHICA-melanin Eumelanin
brown, slightly soluble,

Pheomelanin

yellowlred, alkali-
soluble, low MW

intermiediate MW

*In humans and mice, TRPL stabilizes tyrosinase and in mice, it also functions &5 DHICA orddass,
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