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5 ' " ABSTRACT

*

Human skin is & complicated organ concerned with a vafiety of

functions. This complexity 15 reflected in the wide diversity of 1ntegumentary

morphology as skin is examined from different body sites. It is under-
stood that skin morphology is under genetic control and is further affected
by hormone levels, age and nutrition. Little, however, has been said or

- \

implied concerning the p0351b1e effect of the use to which skin is subJected

in man as & factor influencing its morphology. It is to this problem

' that this thesis is directed.

-

Fifty diverse sites have been studied\from six human cadavers.
Histologic cross sections of the tissues were %oalysed'for distinctive
epidermal fesatures including the tﬁfckness of s%ye}pm corneum, the product
of the procese of keratinization, and suprapapillary stratum Malpighii,,

the stratum.of cells undergoing differentiation. An additional parameter

-

"~ of number and length of rete pegs provided some new insights: All measure-

ments increase as demands on the skin are intensified. = Six functional
categories were established,.and it was found that weight bearing regions

of the epidermis developed the greatest degree of thickness of stratum

‘corneum and-stratum Malpighii with the rete peg éxpression being likewise -

exaggerated. AParte involved in flexing and extending were also’increased
in thickness of the epideﬁmal features, but to a lesser degree than those‘
found in weight bearing areas. The morelpassive categories of coverings,‘
rounded coverings, firmly fixed skin anoqspecial skin types were of
noticeably thinner dimensions.‘ |

The measurement used only partially refiected the mogphology of

epidermis, and all sites were subjected to maceration to separate dermis

~

(111)

i




-

Trom epidermis to aliow site by site analysis in three dlmen51ons of the
epidermal-dermal interface. L ‘ oo
The heloma durum (human corn} was studied from.the same vievﬁoints
as applied to the fifty sites as an example of the most extreme expression
of keratinization and hypertrophy of rete Mﬁlpighii( This lesion develoﬁs
in response to exterﬁal irritative stimulation and can Be considered to
be an experiment in nature supplemental to our view that fﬁnctional
demands influences epidermal morphology. | ‘ Q?l
Additionsl study in terms of hlstochemlstry, morphologic variation
and electron mlcroscopy have been included in the sectlon on heloma durum.
Posslble mechanlsms for modulation of skin mqrphology by manipulation
of cell ecycle, influence of epidermal chalone, the "@iffusable mitogenic

dermal influencing factor” were postulated in conclusion.
B i, . \ ‘e .

(iv)
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INTRODUCTION

Human skin hes maﬁ& functions and it is a structurally complicated
organ (Montagna, 1965).. The iﬁtegumen£ is adaptable in a rémarkable vay
to a wide variety of environments providing the bilologist ﬁith an extensive
range of examples for study (Cohen, 1969).

There is now a necessity for a change in the traditional medical
outlook to encourage exploration into skin biology in the widest sense in
40rder‘that new approaches to skin pathoiégy be achieved (Pinkus and‘
Mehregan, 1969).

It is with this interest and background that the present study was
undertaken. A good body of knowledge exists as to how skin relates to
its internal énviroﬁment. ,Considerably Tess is known about external in-
fluences. Amost no attentidn has been given to how the integument is
morphologically related to exterhal'stimulatioﬁ of a meqhaniéal nature as
the skin functions to provide support and form to the human body.

The present study responds to this need”%y analysing the epidermis
as to reiative thickness and cross sectional ares in B8 variety of‘fuhctional
situatio;s. The éxtent of vériahility is examined by means of a parallel
étudy of thg_epidermai-dermal in£erfuce.

While these parameters are‘sufficiently comprehensivé to provide
a meaningful contribution to the understanding of skin morphology, they

provide, at the same time, the foundation for any number of related

future studies.

1.



REVIEW OF THE LITERATURE AND FOUNDATION OF THE PROBLEM |

Internal Facfors Affecting Skin Morphology

The genetic Ainfluence - Over one hundred sbnormal conditions of

the integument exhibit Mendelian control. Ichthyosis vulgaris,

neurofibromatosis “or von Recklinghausenfs<disease both result from

autosomal dominant genes. Keratoderma pglmare and _pidermolysis bullosa

are controlled from autosomal recessive alleles. Among the more than
twelve X-linked recessive 5gnetic skin diseases are iEhthyosis and

keratosis follicularis (Fitzpatrick 1971), Familial, racial and ethnlc

skin characteristics further give evidence that the integument is
genetice}ly controlled. Consider the sallow or often 01ly complexion

* found in Eur331ans as compared with the fair complexions of the
'Scandinavian. Ample opportunity for observations on the effects of .
intermarriage between thesge and other ethnic and racial groups on skin
color and texture support reliance of these features on the operation of
genes (Fitzpatrick, 1971).

Hormonal influences - It ‘has been observed that hormones pro-

foundly affect integumentary morphology (Fltzpatrick 1971). Atrophy of
the epidermis can be Produced by local and systemic administration of
* corticosteroids or the adrenocorticotrophic hormone itself.  Epidermal
hypertrophy has been observed following the prolonged use of testosterone.
Aging, alterations in metabolic a;;/or nutritlonal states are additionml
factors which influeyce skin morphology (Fitzpatrick 1971).

Enbryology - In embryégeny, the ridging charaétéristics of the

' 74
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finger print and sole print, as well as the flexor foldings of the hands, ~
and feet are apparent before these parts become functional (Cummins and
Mldlo 19h3)

v

Local biochemical balance - In normal skin,, the morphology

depends on the interactions of Substances stimilating basal cell mitosis
end others which inhibit cell division. At the epidermal level, inter-
ference with intra-epidermal adenosine 3', 5' - monophosphate (cycllc AMP)
favors cell proliferation and mey produce pathological states of the skin
(Voorhees and Duell, 1971).  The 'diffusable mitogenic dermal influencing
factor' stimulates basal cel] mitosis in normal states, but likewise may

be altered in disease (Cohen, 1969).

External Factors Effecting Skin Morphology ,
The skin is not oﬁly morphologically responsive to numerous
internal influences, but may bé altered by external environmental factors
which alter local tissue interactions of dermis and epidermfs at the bio-
chemicel level (Cohen, 1969): Mechanical stimuli modify relative thick-
ness of skin strata as well as its interface characteristics (gee glossary)
The function of the skin may dictate its morpho%ogy within limits
since certain likenesses have been shown to exigt among gimilarly funqtioning
regions in different animaslg. For example, the weight beaiing are;s of
rkﬂé sole of the foot in man which ig characterized by parallel ridging of
the dermal papillae, bears a morphological similarity to the ventral tail
and abdomen of the lizard, and to the dorsal knuckle of quadripedal apes.

Both of these dissimilar parts suppor%‘weight during locomotion (Fitzpatrick,

1971).



When the number of factors, both internal and external, effecting
skin morphology are considered, it is not surprising that so mch
structural variability exists from site to site, Pinkus and Mehregan
(1969) state that one can not really spesk of "the skin" as an entity unto’
itself,“but only in an abstract sense. The variations observed in skin
8s it occurs at different sites in the human body have been investlgated
along two lines. f One approach studies Reasurements of epidermis ang
and dermis or the total skin, and other compares features of the epidermal
dermal interface. . /’J |

Measurement of Skin Components -

Pinkus (196%) compiled numercus measurements from four previous
studies in which thicknessges Qr epidermis- and dermis and/or total skin
within single 1ndividualsAwere determinéd. This summary revealed the
results of the previous studies to be highly inoonsistentﬁ Differences
of three and four fold between measurements at the same site in different
individuals were noted. The skin from the face in two separate studies
varied from 750 a1 to 2950 a. In another study only epidermal thickness
-uas detenmined for the race 52 u. Dermal thicknesses for the face in still
another study ranged from 1411 n to 22Tl m. Epidermal thickness of the
abdominal region in two different studies ranged from 23 to 70 & and the-
dermal from 301 u to 1933 u. * Skin from the sole of the_foot (e rather
generalized deseription) had an epldermal thickness from 529 a to 137T a1,
and the dermal thickness was from 867 u to 1805 u.

The inconsistencies observed in measuring dermis and epidermis

and/or total skin cowld conceivably be too broad for a meaningful enalysis.

|
Y
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Méreover, the dermis is difficult to define morpholoéically into_layerg
other than thé reticular layer and the papillary layer. These layers
are composed of an amofphous ground substance in which bundles of
collagenic, elastic and reticular’fibers interweave in all three dim-

ensions (Pinkus, 19T1). However, the role of the dermis i_s not to be
underestimated since it exerts the inducting influéhce on ;he histo-
differentiatiqn of the epidermis itself (Cohen, 1969). Vascularization
and innervation of the skin occu;s at the level of the dermis as well.

The epidermis, on the other hand, is a well ordered layering of nucleated
and differéntiating cells sharply demarcated from the non-nu;leated
stratum'corneum, the end product of the keratinization process. The

two 1ayef$;«stratum Malpighii and stratum corneum are involved in a

carefully orgéred sequence of morphological.and biochemicel events
(Zelickgon, 196T). Both strata are measureable in terms of thickness
aqd.aréa. They can be coméared fro; site to site bothhin terms of total
epidermal thickness and component parts. Relative shifts as to the
percentage that the sfratum corneum or stratum Malpighii in rélation to the
whole epidermis as it reflects whether_the differentiating or the dif-
ferentiated stratum predominates is another meaningful calculation.
The number and length of the rete ridges of the stratum Melpighii as
they interdigitate into the papillary structure of the dermis provié;

additional parameters of study ghich can be coupled with the innovative
epidermal-dermal interface technique.

This more restricted study invelving epidermsl features which

have biological inter-relationships permits testing of the concept that



‘morphological alteration may be a variab;e of}skin function as it operates
mechanically with the external environment.

The second line of.investigation utilized the maceration technique
of the skin. 1In this method, the epidermis is removed from its under-
lying dermis and the 'hand and glo?e' relationship can be examined ﬁicro—
scopically (OberstefLehn,vl962). Horétjann (1952a) reported several‘
differences among epidermal-dermal interflace preparations froﬁ vé;ious
areas of the skin. According to Horstmann (1952b)}, the regional differencés
of the papillar bod; in human skin are related to the arrangement of hair-
follicles and sweat glands together with their ducts. Thé "ﬁgrstmann

g ]
view" is that there are three expressions of the interface morphdlogy:
dial-plate, rosette.hnd cockade. These are furthé? éubject to modification
according to their local distribution. The dial-plate motif is that in
which there is a concentric arrangement of sweat ducts about a halr
follicle with epidermal ridges relatlng to these structures. A roset?e
mstif has epidermal ridges arranged radially about sweat glands. In
the'coékade arrangement , epidermalfridges form concentric rings abéut
twvo hair follicles. Doubtless the adnexa exert an influence on epider-
mal-dermal interface morphology, but this may be a too simplistic ex-
pPlanation. © Bullous, inflammatory and exfoliative skin diseases present
pathogn;;onic epidermal-dermal interface structural change (Horstmann
1952a,b, Oberste-Lehn, 1962).

Remarkable changes in the epidermal-dermal interface with con—

comitant alterations in thickness of stratum corneum and stratum

Malpighii’' have been cbserved at the interphalaﬁgeal skin of the digits
/
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of the feet under the influence of external mechanical irritation’(McCarthw
and Habowsky, lQTéb).
JThis phenomenon brings to mind the laws of Wolff and Davis,

axicmatic in orthopedic medieine‘which state in substance that any
change in the use of an anatomical part (muscle and/or bone) is accompanied
by a correspondlng alteration in the morphology of that part...hypertrophy,
atrophy (Wolf‘f 1870, Davis, 1934, Morton, 1952 Evan.;, 1961) There is
str1k1ng hypertrophy of the epidermal ridges and deepenihg‘of the
cavities receiving Ehe dermal papillae which are equally enlarged and
distorted in interphal;ngeal skin involved in forming heloma durum {the
human corn or clavus). This observation suggests that skin, like muscie
and bone, may be structurally altered if its function is changed.

=$_\\\\\ This thesis has been prepared in two parts. Part I investigated
_ the variations of epidermal morphology at Pifty sites selected from the
human body Lav1ng a variety of functlons. Part II compares normsal’
(control) interphalangeal epidermis with interphalangeal skin involved
in the formation of helomd durum (human corn). fhe latter is presented”
as-an experjiment of nature in which external irritetion_ﬁroduces
alterations which increase the dimensions of all epidermal features of
interes? to this study as weil as striking changes of the epidermal-

dermal interfrce.
By

R



PART I

THE EXAMINATION OF THE EPIDERMIS.
FOR MORPHOLOGICAL ALTERATIONS FROM
DIFFERENT FUNCTIONAL LOCATIONS OF

THE HUMAR SKIN

8.
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MATERTALS AND METHODS -

o

The Nature of the Anatomical -Materinl

The material used in this study was -allocated by the Department

-of Anatomy, School of Med1c1ne, Wayne ‘State Unlver51ty, Detrg;t

-

. Mlchlgan U 5.A. The fbllow1ng is the- descrlptlon of the. nature of
the seVen human cadavers’gé the tlme of diasection. )
Case 1 - Caucasian male, agé-SO in good state of nutriﬁioh, expired

-wite arterioselerotic coronary disease.

Case 2 ~ Negro male, age 65 in good nutritional state with well
muecled physique, expired in cardio—pulmonary arrest.

Case 3 - Cauca51an ‘male, age LY in falr state pof nutrition explred in
nacute vascular shock, pancreatitis and portal cirrhosis.

Case 4 - Caucasian male, age 68 in poor nutrltional state expired in

respiratory fallure_Secondary to chronic qbstructive lung disease, and
non—ketotic, hyperosmolar diabetes mellitus‘co-existent.

Case S - Caucasian male, age 61 in fair 3tate of nutrltion expired

from cardiac arrest, cardlac arrythmia. Also present were chronic renal
' ' T

failure and a ruptured diverticulum.

. Case € - Caucasian feﬁale, ege UT in good nutritional\state, somewhat

n

i obese, expired in coronary artery iﬁfarction. a

A

Case -I - Caucasian male, age 70 expired from coronary artery infarction.

The body was in falr to~ good nutritional state.

~

.Specimen Preparatlon

L)

A skip map was prepared from rostral to. caudsl position comprising
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50 selected locatigns in the human body. This number was deemed g wide

enough sampling for a statistical analysis of functional and morphological

trends within the epldermal strata. The sites represented an even

distribution from upper and lower extremities, head.and torso on both

- dorsal and ventral aspects of the body. The different locations had =

variety of functional similarities and dissimilarities which would allow

logical grouping according to the mechanical function of the integument.

These locations are identified‘by number as follows:

Rumber

ol ol el el e B o - R I OIS SRR
WO « « 7, e .

'1&.

W
Sy

17.
18.
19,
20.
21 .

22.
§E.

S.
26.
27.
28.

29-
L] 30-

Loecation

scalp

eyelid’

posterior fold of the neck
cheek

chin

neck fold below larynx
chest at body mid line

mid chest :

axilla of arm

linea alba LAl
groin s
back at body mid line at level of clavicle

back at body mid line at level of lumbar vertebrae 4 ang 5
buttox

back at mid portionm of upper later quadrant

gluteal fold = .~ :

shaft of the penis .

middle portion of lateral margin of ear

ear lobe

inner aspect of the elbow ~
posterior ankle above the insertion of the tendo-
achilleg ‘

t

~ posterior thigh, mid roint

popliteal space

anterior thigh, mid point
knee, anterior to the patella
lateral thigh, mid point

medial thigh

middle portion of the tibial crest
posterior ldg, mid point

Plantar abpett of the heel

L3S
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31. lateral malleolus

32. ‘ inferior lateral malleolus .

33. middle aspect of plantar arch of foot .

3k. . Plantar aspect of the first metatarsal head ’

35. “flexor fold, plantar aspect, second toe

36. dorsal aspect, great toe at interphelangeal joint

37. anterior leg Just inferior to patella

38. - * anterior aspect of the middle ankle

39. dorsal mid arch of the foot :

Lo. lateral upper arm dorsal to deltoid muscle

Ly, * inner arm

yo, ‘ outer elbow

L3, inner wrist

Ll ' ‘dorsal hand

ks, volar aspect of hand at grooved region

ke, ' knuckle, second digit of the hand

LT. dorsal aspect of the proximal interphalangeal Joint
of the hand

L8, volar aspect of the proximal 1nterphalangeal Joint
of the hand

Lg. distal finger

50. ' interdigital web of second finger of the hand

In addition, a strip of skin measuring 0.6 x 6.0 cm was excised
from both dorsal and volar aspects of the second digit of the hand for
epidermal-dermal inéerface study only.

The samples from the various locations of casesll 2 and 3 were
subjected to histological work only since they were embalmed at the time
of dissection. Cages L, 5, 6 and T were not embalmed and were suitable L
for both histological gnd epidermal-dermal interface studies.

A classification according to skin function on a mechanical basis,
namely, covering, spec1al wrinkling types, anchoring, rounded covering,
weight bearing {or sit?s receiving pressure)}, and surfaces involved with
flexihg and extendiné was made from the 50 siteé originally selected.

The six functional subdivisions may be overlapping, but are reasonable.

The classification follows with the skin site indicated by the

parenthesis: : : ~



Sites where the skin serves mainly to cover

r .

scalp (1)
cheek (3) 3
mid chest (8) '

buttox (14)

upper lateral back (15)

posterior thigh (22)

anterior thigh (24)

lateral thigh (26)

medial thigh (27)

posterior leg (29) -

lateral malleclus (31)

dorsal middle arch of the foot (39)
inner arm (41)

dorsal hand (4i)

Sites at which the skin had a special wrinkiing function

eyelid (2)
shaft of the penis (17)

Sites at which the skin Tirmly affixes to structures below

chest at body mid line (T)

linea alba (10) .

back at body mid line at level of clavicle (12)

back at body mid line at level of lumbar v. 4/5 {13}
tibial crest (28) -

Sites at which skin covers well rounded structures

chin (5) '
middle portion of the lateral margin of the ear (18)
ear lobe (19)

Sites at which skin wag exposed to pressufe and weight bea;ing

Plantar heel (30)

middle aspect of the plantar arch of the foot (33)
Plantar aspect of the first metatarsal head (34)
flexor fold of plantar aspect of the second toe (35)

Sites at which skin vas involved with active flexion and extension

posterior fold of the neck (3) i
. anterior neck fold below larynx (6)
axilla of the am (9)

groin (11)
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gluteal fold (16)

inner elbow (20Q) :
posterior ankle above insertion of achilles tendon (21)
popliteal space (23) ‘ . :

knee, anterior to patella (25)

inferior lateral malleolus (32) _
gorsal aspect of the great toe at interphalangeal joint (36)
anterior leg just inferior to patella (37)

anterior aspect of middle ankle (38)

lateral upper arm at belly of deltoid muscle (40)

elbow {(L2) S

wrist (L3)

volar aspect of the hand about volar grooves {Ls)

knuckle (h6) ‘

dorsal aspect, proximal interphalangeal Jjoint, finger (47)
volar aspect, proximal interphalangeal joint of Tinger (48)
interdigital web of the finger (50)

A hemisection was made of the sﬁecimen, cne half for light
microscopic evaluation, the remalinder for epidefma.l—dermal interface
breparation and study. |
Histology | AN <

Skin samples were excised by‘eliptiqal and &onjoined incisions
meaéuring about 1.5 x 0.8 em.  After fixation in 10X neutral formalin
overnight, the tissue was dehydrated ,cleared, infiltrated with paraffin
in vacuo and embedded (Pearse, 1961). The material was sectioned at 7T n '
and affixed to glass slides with albumen.

Staining - Hematoxylin and eosin were employed to study the morphological
features of all skin and standard methods for staining were followed
(Pearse, 1961).

Measurement technique

Thickness Measurements - A1l slides were examined with an Olympus

microscope, Model EH. Measurements were made from an enlarged image

(x 30) Projected by a Leitz Watzlar Prado slide Projector. The thicknesses
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of the stratum corneum and tye supra-papillary stratum Malpighii together
with total epidermis were determined. The relative amount of total
thickness gf the epidermis that the epidermal featﬁres under study -
(stratum corneum and Suprapapillary stratum Malpigh%%&\were calculated.
In addition, ,the number of rete pegs in 1 mm section of ea&h specimen was
determined and the length measured. Results of these determinations are
listed in Tables I, I and III ih terms of the mean meagsurement of the
six cases sztudied at sach of the fifty fuﬁctional sites.

Technical Note - The importance of properly embedding skin

specimens for reliable measurements is acknovledg?d. Cgre must be taken
to.ensure that the free surface of skin be gt right angles to the-
microtome knife. Specimens mounted at aé ;ngle would give eiaggeréted
measurements. It is also hecessary to view many sections in order to

be sure £hat the rete pegs are fully formed since it is possible that
sections could have been cut at a point along the curvature of the
structure before the structure attained its greatest dimensibng Despite
all precautions; the possibi;ity of error can exist. It should b?:)
pointed out, however, tﬁat the same methodology was employed throughout
this study and comparisons are, in all likelihood, valid.

" Area Determinstions - The drealof the epidermal features studied

wvas determined by the indirect method of ;omparative weights of stratum
corneum andthe st;atum Malpighii (ircluding the rete ridges). 1In
Kbhickngsa meagurements, only thicknesses of the strata were involved.
"In this approach, both thicknegs and increased area resulting from rete

ridges for a given croes sectional length are taken into account.

-
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Enlarged projections were traced on paper of known constant weightc
Each of the six cases studied were included and all fifty sites analysed.
A 2 mm length of epidermis in cross section was enlarged»(x35)'and cut
from the paper. The stratum corneum wes then separated from the stratum
. Malpighii and each weighed. The weightd provided an arbitrary number and
were useful only in comparing one skin type wjth:another along with their
respective epidermal component parts. A tabulation of tissues in terms
of relative area as reflected by weight allowed the fifty epidermal sites
to be listed in order of greatest to‘smallest area (Table V). A per-
centage value could also be obtained comparing the stratum corneum area
to the stratum Malpighii as these strata related to the total epidermis.
The tabulation according to area proved to be essentislly similar to
Table IV which listed funcfional sites from the greatest to least thick-
ness of the total epidermis. Therarea determination, however, made.
possible a somewhat finer separation of sites that had identical thick-
ness measurements.
Statistics

Standard statistical methods comnonly used in evaluating body
measurements were appliéd (Garn, 1958). The epidermal features of
thickness and ares for stratum corneum, stratum Malpighii®and number and
length of rete ridges were considered. Formulae for the™ "test and
correlation coefficients are given in Appenéix E.

Scattergrams - Mean values for the six cases studied were used

in plots comparing epidermal features such as stratum corneum, stratum

Malpighii, total epidermis, mumber and length of the rete Malpighii.
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ﬁistogzams - Obse;ved values for thickness of stratum corneum,
suprapapillary stratum Malpighli and total epidermis in each of the sgix
'cases dissected were grouped according to the functional classifications
of ‘skin. The frequency or actual number of occurrences for ¢ach unit
of thickness from .0l to l 10 mm were tabulated and grouped for the
preparation of histograms This prov1ded a representation of range of,
observed values and the points at uhisp gfeatest and least thickness for
a given functional skin group vere noted.

Similar histograms were prepared from data concerning length in
<01 mm and numbér per mm of rete ridges occurring among the six
functional classifications of skin.

Maceration Technique for Examination of Epidermal-Dermal Interface

Biopsied skin was placed in aqueocus 1 N sodium bromide solution
for 2k hours. Using fine forceps, the free epidermal curface was placed
on firm flat discs of cork. The epidermis was held firmlylagainst the
cork surface and the dermal portion separated in a rolling motion and
mounted on the adjacent portion of the disc using fine non-corrosive pins.
The interface of dermis and epidermis was oriented upward.

The mounted tissue was fixed in 10% formalin for 2k hours. With
jthe pins in place and the bottles filled with solution and capped, the
tissue was kept fully immersed. Efforts to fix, dehydrate clear and
impregnate the tiepucs with resin en masse proved impractical because of
occasional exposure of tissue tOfair and the tendency for theﬁformation
of a precipitate. Instead, the mounted specimens were individually de-

‘ hydrated and cleared {Appendix A). Finally, each tissue was immersed



for 12 hours in a 1% solution of beeswax in turpentine (Pinkus, 1969)

which renders the dérmis end epidermis opaque with a resinbus material.

The cork discs with tissues mounted were removed from their individual

bottles and allowed to dry for 3 days éaking care to shield them from

dust of the air. The tissues were remo?ed from the éork discs, trans-

ferred to glass slides and affixed usingz"Elmer's Glue" (Borden Co.).
gll specimen were examined microscopically under incident

light. Photomicrographs were prepared using Kodak Panatomic X film

N
and enlarged X 40 on Agfs paper.

AT.



' RESULTS

GENERAL CONSIDERATTONS

This study is directed toward an understanding of epidermal
morphology in relatioaship to its interactions with the external en-
vironmeng particularly as it interacts op a mechanical basis. The
epidermal features which lend themselves to measurement are the stratum
corneum (the end product of the process of dlfferentlatlon called keratini-
zation) and the suprapapillary stratum Malpighii (the nucleated cellular
mass undergoing differentiation). The two layers are easily discerned
by their staining and morphological characteristics and lend themselves to
measurements of thicknessg and relative area ag reflected by welght
determinations (see page 16). Number and length of rete Malpighii
reflect en increase in cell masg and anchoring aBility of the epidermis
on the dermis (McCafthy and Habowsky, 1972b). These parameters also lend
themselves to analysis which is further relnforced by the photomlcrographs
of the epidermsl-dermal interface demonstrated in the following chapter.

MEASUREMENT OF EPIDERMAL FEATURES ,

Tables I, II and III report the deta a5 mean values for each

5ite studied and.reported by number as they occurred anatomically. In

all cases column identification ig ag follows:

C = stratum corneum
M= stratum Malpighii
E = total epidermis, the sum of stratum corneum, Malpighii.

%C 1is the percentage that the stratum corneum represents
of the total thickness (or area) of the total epidermis.

18,
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#M is the percent represented by the suprapapillary
stratum Malpighii in terms of thickness (Table 1)
or the percent represented by the total area of the
stratum Malpighii as reflected by relative weight
determination (Table II). .
Table IITI provides a listing of the observed length of the réte
Pegs in cruss section as they interdigitate and bind with the underlying
dermis. The basis for the determination wns‘the length measured below
the suprapapillary plate (see glossary). The number of pegs of the rete
Malpighii occurring along a .1lmm section of each skin site examined was
counted as well and listed as to mean number of occurrences and the range.
The three parameters investigated (thickness, area of the re-
spective epidermal strata and the length of rete pegs) have been re-
arranged ih tables IV, V and VI. Table IV 1ist§ the site of greatest
total epidermal thickness at the top to the tﬁ;nﬁest at the bottom with
those intermediate in sequence. Table V indicates the site of greatest
area as reflected by relative weight (see‘page 16) at the top and the
least at the bottom. From these two tables, a stﬁtement ¢an be made
as to how the particular site under study related to the u%ole such as’
being in the upper 1/3 of all sites studiea, or among the 1owe; 1/2 of
8ll sites analysed etc.
Table VI places the rete pPeg length calculations in order oflihe
greatest length to the shortest (see technical note, page 14).
It is intéresting to note that the plantar of the heel ‘occurs
first in terms of thickness, area and length of rgte peés, and the plantar
_region of the first metata;sgl occurs second with reépec£ to these epidermal

4

1 .
features. Both sites are primary weight bearing surfaces. Conversely,
3
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TABLE 1
MEAN THICKNESS MEASUREMENTS (.01 mm) FROM FIFTY ANATOMICAL

SITES MY NUMERICAL OCCURRENCES: TOTAL EPIDERMIS AND STRATA
ANATOMIC

LOCATION : Ce m»  Ex  Are LM
1 scalp «03 .03 .06 50 50
2 eyelid «01 .03 «04 27 73
3 poat. nack .02 « 03 -05 43 57
4 cheek .02 .03 .05 39 61
5 chin .03 ,03 +06 A7 S3
6 ant, neck ’ «03 203 06 54 46
7 chest, mid line .02 - .02 04 46 54
8 chest, middle .02 ,03 .05 40 60
9 BXillar arm 005 .02 .07 65 35
10 linsa alba +02 ,03 .05 43 57
11 groin : .02 .03 .05 45 55
12 mid 1line, back 02 ,02 .04 Ag 52
13 mid1ine, back-L4/5.02 .02 .04 5p 50
14 buttox 02 ,02 04 §p S0
15 upper lat back .02 .02 .04 50 50
16 glut.al r01d «02 +02 +04 50 50
17 penile shaft . «02 ,D2 .04 50 50
18 mid lnt. aar .03 « 04 - +07 33 67
19 ear 1lobe <01 ,02 «03 33 67
20 finner slbow .03 .03 «06 50 50
21 achillea tendon «21 ,09 «30 63 27
22 post, thigh «03 .02 «05 60 A0
23 popliteal space .02 .03 .05 SO0 50
24 ant.\ thi.gh : « D3 « 03 + 06 50 50
25 superior patella «05 .03 .08 62 38
26 lat ral ‘thigh 03 ,03 <06 50 50
27 madial thigh +02 ,02 .04 50 50
28 tibial crest «02 ,02 .04 Sp 50
29 posterior leg .03 ,03 .06 50 50
30 plantar heal «56 07 «63 " 89 11
31 malleolus \\,ﬂ.DS «03 .06 50 50
32 infra malleclus 05 ,03 .08 55 45
33 mid pl. arch 22 .04 26 76 24
34 pl. met head I «34 .05 «39 87 13
35 toe fold «11 .05 «16 65 35
36 d. great toe 06 .03 09 67 33
37 infra patella .05 ,03 «08 -62 38
38 mid ankle «03 ,03 06 50 50
39 dorsal atch .04 ,03 +07 867 33
40 supra-deltoid <02 .03 «067 45 55
41 inner elbow «03 .03 .06 S0 50
42 olbn- « 06 «05 + 11 55 45
43‘.r18t - 09 «03 -12 70 30
44 dorsal hand 04 .04 .08 50 50
45 volar hand «16 .05 «21 75 25
. 46 knuckle .09 .04 «13 65 35
47 d. interphalangeal .14 g5 «19 75 25
48 v, interphalangesl .12 0§ «18 170 30
.49 distil finger «25 ,05 «30 80 20
50 interdigital finger,14 .05 «19 75 25

- *Legend on pages 18 and 19
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TABLE 11 ,
RELATIONSHIP OF STRATUM CORNEUMm AND STRATUM

MALPIGHIT AS PERCENT (%m OR %0 AS A FUNCTION

ANATOMIC OF AREA*Z-g (total) C (cornaum) m (malpighii)
LUCATIUN %m* %C* E*‘. C{ m{-

1 scealp . 59 41 .3800 ,3575 ,2225

2 eyelid 7T 23, 3306 ,0774 2532

3 post. neck - S5 45 (3726 ,1651 _207S

4 cheeak 62 38 «3667 ,1374 ,2233

'S5 chin 70 30  ,4482 1332 _3150

6 ant. neck 53 47 «5411 2540 287

7 chest, mid line 62 38  ,3100 .1184 ,1917

8 mid chest 63 37 .5490 ,2010 _3480

S axillar arm 42 58 .6958 L4007 ,2951

10 linea alba 65 .35 3321 1171 ,2150

11 groin - 64 36 ,5199 ,1849 _ 3350

12 mid line,back 43 51 «2559 _,1297 ,1260
- 13 mid line,back-L 63 37 ,3425 _1260 ,2165

14 buttox ) 69 31 .3651 1130 ,2521

15 u.l. back 57 43,2829 ,1229 ,1600

16 gluteal foeld 59 4% .4335 1752 2485 )

17 penile shaft 29,4038 ,1173 ,2865 \
18 mid lat. ear 70 30  ,6351 ,1915 _4436 o
19 gar lobe 69 31 .3095 ,0955 _2140 G2
20 inner elbow 52 48 5570 ,2674 ,2B9g L
21 achilles tendon 31 69  ,1932 ,1333 ,599g6 -

22 post. thigh 52 48  ,4234 ,2044 _2190

23 popliteal space 59 419 3710 ,1500 ,2210

24 ant. thigh 43 57 3954 ,2261 ,1693

25 superior patells 45 55 .6195 . 3368 ,2827

26 lat. thigh 58 42 4448 ,1848 ,2600

27 med. thigh 55 45 3806 1699 02107

28 tibial crest 51 49 3394 1673 1721

29 post. leg 55 45,4518 ,2029 _2489

30 plantar heel 33 67 4.803 3,3033 1,23 -
31 malleolus 43 51 5331 2705 ,2625

32 infra malleolus 49 51 «6750 ,3463 « 3287

33 mid p. arch 38 61 .3110 ,8060 ,50%50 -
34 p. met head I 29 71 2,007 1.447 _S610

35 toe fold 41 59 1,309 ,7682 ,5391

36 d. great tos 30 50  ,6094 ,3050 ,3044

37 infra patella 43- 57 5880 .3368 <2512

38 mid ankle 63 37 ,5861 ,2189 _3672

39 d. -arch 43 57 5147 ,2945 _2202

40 supra-deltoid 56 44 . _A130 829 ,2301

41 inner arm 52 48 ,3B15-51847 ,1968

42 elbouw . 52 48 1.040 ,4954 _5449

43 urist 38 62  1.174 ,7283 4500

44 dorsal hand® 54 46 . 7168 ,3310 ,3858

45 volar hand 36 64 1.856 1,188 ,6683

46 knucklae 39 61 1.2038,7360 ,4676

47 d. interphalangeal 39 61 1.4914 9144 _5170
48 v. interphalangeal 40 60 1.70291.014 _6886
~49 distil finger - 38 62 1.83681.135 _7018
50 interdigital finger 32 68 1.8569 1,263 ,5936

» Légend‘un pages 18 and 19, *#A3 reflected by weight (page14 )



TABLE 111

NUMBER AND LENGTH gF RETE RID

5

AN
Lo

VD =0DH LN

ITES BY NUMERICAL
ATOMIC
CATION
scalp
oyalid
post. neck
choak
chin
ant. neck
chaest, mid lina
mid chest
axillar arm
linea alba
groin
mid line back

mid linn,baockal
buttox

U.l- bﬂCk
cluteal fold
penile shaft
mid lat, ear
gar lobe

inner elbow
achilles tendon
posat, thigh

23 popliteal space
24 ant, thigh
"~ 25 superior potella

lat. thigh
med. thigh
tibial crest

29 post, leg
30 plantar heel

malleclus

32 infra malleolus
33 mid p. erch

34 p., met haad I
35 toe Pold

36 d,

great toe

37 infra patella
38 mid ankle

J9 d. arch

40 supra-doltoid

innar arm

42 olbouw

43 wrist

44 dorsal hand
45 volar hand
46 knuckla

49 distil Pinger

Mean Number

pPor .1 mm
2

2
2
1
3
5
4
8
6
5
6
6
7
6
4
6
S
7
6
2
8
3
3
2
5
3
2
3
3
7
5
5
8
9
9
7
5
6
5
5
1
7
8
4
9

9

de interphalangealg
Ve 1nterphalaﬂgoal10

10

interdigital fingerg

Mesan Len
(<01 mm)

« 03
« 02
«03
«01
+03
.04
«03
+06
« 05
03
.04
.04
«03
«05
- 02
04
« 04
«05
«03
«01

) .U?

«02
«02
«02
.04
«03
« 02
«03
«03
.23
«03
205
09
12
10
<06
+04
004
.04
« 03
01
«06
06
«03.
«07
«07
«09
<10
« 08
«07

GES FROM FIFTY ANATOMICAL = —
“CCURRLNCE (BOTH MEAN VALUES AND RANGE)
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T
-~

-

gth gbserved Range

Number

0-8
0-6
0-3
0.7
=5
2«12
0-6
4-11
1-14
0-10
. 0-9
0.7
2-11

TPEYYY Ry
]

MO a2 D (N
=) S o

'

OooONDOOO
R
ER R LR P

8
7-9

~3
)
-

3-8
6=-10
6-12
8=-10
3-9
a-7
57
2-9
8-11
0-~4
5-10
6-15
1-8
7-11
B=-10
7-11
9-12
9-11
8-12

Lentth
001‘.11
902-003
«03-,04
001-004
«01-,04
«02-.08
«02-,05
003-.10
«02-,06
«02-,06
«02-,08
«01-,09
|U1-.06
.03*.07
«02-,03
«02-,08
«02-,05
t03-006
«03-.05
002‘004
«02-,10 .
002-007
«02-,06
003-004
002“306
«02-,08
002-003
«02-,05
002-008
«12-,.30
001‘007
«03-.,10
00?-¢14
«08~,14
«09-,12
«03-,09
.03-.05
«03-,05

«02=-,06

«02-,06
«01=-,03
QUS‘.U?

905-.07
.02-.05
006‘010
«05-,13
e08-,12
«07=,16
«07-,09
«04-,10
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TABLE v 5.
FIFTY SELECTED ANATOMIC SITES ARRANGED IN
ANATOMIC ORDER UF RELATIVE AREA AS DETERMINED BY WEIGHT
LOCATION .

. pAURE S Aol S C * M
plgntar heel §30) 33 67 +4.503 3.303 1.2370
p.met head I (34) 29 71 2.007 1.447 ,5610

achilles tendon (21) 31 69. 1.9322 1.3326 «5996
interdigital Finger(50)32 68 1.857 1.263 ,5936
volar hand (45) - 36 64 1.8560 1.188 6683
distil finger (49) 38 62 1,8368 1.138 «7018
Ve interphalangeal §68;40 60 1.7029 1,014 + 6886
d. interphalangeal (47 39 61 1.4914 _9144 «S170
‘mid p arch (33) 39 61 1.3110 ,8060 .5050

toe fold (35) 41 59 1,309 « 7682 « 5391
knuckle (46) -39 61 11,2038 ,7360 4676
wrist asg ‘ 38 62 1,174 ,7283 + 4500
elbow (42 : 52 48 1,040 «4954 . 5449
dorsal hand §44) 5S4 46 ,7168 3310 « 3858
axillar arm (9) 42 S8 .6958 4007 «2951

infra mallsoluys 832) 49 51 6750 «3463 3287
mid lat, ear (18 70 30 L6351 .1915 « 4435
Superior patella (25) 45 55- .g195 «3368  ,2827

de great tos (36) °0 50 ,.6094 « 3050 « 3044
infra patella (37) 43 57 .5880 « 3368 «2512
mid ankle (38) - 63 37 ,5861 <2189 « 3672
innsr slbow 20) 52 48 ,5570 2674 «2896
mid chest (8 63 37 ,549p «2010 » 3480
ant, neck (6 53 47 ,5411 «2540 «287%
malleolus (31) 49 51 5331 «2705 «2625
groin. (11) . 64 36 ,5199 «1849 «3350
d. arch (39) 43 57 ,51a7 «2945 02202
post. leg (29) - 35 45,4518 ,2029 2489
chin (5) 70 30 4482 « 1332 « 3150
lat. thigh (26) 58 42 4448 +1848 «2600
gluteal feold (16)‘ 59 41 L4335 « 1752 « 2485
supra-deltoid (ag) 56 44 L4130 1829 «2301
penile shaft (17) 71 29 4038 « 1173 02865
ant. thigh (24) 43 57 ,3954 ,2261 « 1693
inner elbow (41) 52 48 ,3815 1847 . 1968
mid thigh (27) - 55 45 ,3806 «1699 «2107
scalp (1) 59 41 ,3800 1575 2225
popliteal space (23) 59 41 ",3710 « 1500 «2210
post. neck (3) 55 45 ,3726 « 1651 «2075
buttox (14) 69 31 ,3651 «1130 «2521
mid line back-L 13) 63 37 .,3425 «1260 .,2185%
tibia est (28 : S1 49 ,3394 « 1673 « 1721
11n9535€§3\(10) 65 35 ,3321 e 1171 «2150
eyelid (2) 77 23,3306 «0774 «2532
chest,mid line (7) 62 38 ,3100 «1184 «1917
ear lobe (19) 69 31 .3095 «0955 «2140
u.l. back (15) 57 43 ,2829 »1229 «» 1600
mid line,back (12) 49 51 ,2559 1297 « 1260

¥Legend on pages 1§ and 19
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TABLE yI

FIFTY SELECTED AHUATOMIC SITES ARRANGED IN
ANATOMIC  QrpER gFf MEAN LINEAR MEASUREMENTS OF RETE RIDGES
LACATION :
(mEAN) (mEan) :
NUMBER LENGTH (mm) RANGE oF LENGTH

: ' per .1mm
plantar heel éSO) 7 23 +12 ~ ,30
Pe.rrat head I 34) -9 12 N .08 -~ .14
toe fold (35) 9 «10 «09 - 12
Velnterphalangeal gdB; 10 .10 07 - .16
d.interphalangeul 47) 9 .09 04 - .12
mid p arch (33) 8 «09 07 - .14
disti) finger (49) 10 .08 .07 - .09
interdiqital finger(s50)a .07 «04 - 10
knuckle (46) 9 <07 «05 - ,13
VDIEI‘ hand (45) 9 .0? « 06 =~ 010
achilles tendon (21) 8 .07 002 - .10
'rist 243 B 006 ’ QDS - .07
elbow 42 7 +« 06 «05 -~ « 37

" d. great toe (36) 7 «06 «03 - ,09
infra malleolys (32). s .05 03 - .10
mid lat ear (18) 7 .05 «03 - ,06
buttox (14) = & .05 .03 - .07 .
axillar arm (9) 6 .05 «02 -~ .06
d. arch (39) 5 .04 «02 - ,p6
mj.d ankle (38) 5 oud : -03 - .05
infra patella.§37) 5 .04 «.03 - 0%
sSupra patella (25) 5 «04 «02 - .06
anile Shaf’t é"? 5 oUd 002 bl .05
gluteal f’Dld 16 6 « 04 «02 - «08
mid line,back (12) 6 «04 - «01 -« .09
groin (11) 6 .04 02 - .08
ant., nack (6) 5 .04 -02 - ,08
dorsal hand (44) 4 .03 .02 7, ps
SupTra deltoid (40) 5 .03 .02 - .06
malleolus {31; 5 «03 «01 - .67
‘post, leg (29 3 .03 «02 - .08
tibial crast (28) 3 003 .02 - -US
lat. thigh (26) 3 .03 .02 - .08
ear lobe (19) 6 .03 w03~ .05
mid line,back L (13) 7 «03 . «01 ~ 06 '
linea alba (10) S .03 "~ «02 - 06
Chast,mid line (7) 4 «03 «02 - ,05
chin (5) 3 «03 «01 ~ _D4
Pest. neck (3) 2 «03 «03 - ,D4
Scalp (1) ' 2 003 .BD - .11
mid thigh (27) 2 « 02 «02 -~ ,03
ant, thigh (24) 2 «02- «03 - « 04
popliteal space (23) 3 «02 «02 - ,06
post. thigh (22) 3 .02 .02 = .07
u. . bac‘( (15) 4 .02 . .02 -.03
eyelid (2) 2 02 «02 - .03
inner arm (41) 1 «01 «01 -~ ,03
inner elbow (20) 2 “e0 01 ~ D4
Cheek (d) 1 '« 01 .00 - 04
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'
the eyelid is consistently found at the bottom of the sequentia}ly
ordered lists. Generally, all sites examined tended to be placed in
essentially the same order regardless of which epiderﬁal feature was .
under analysis. The apparent trends required the data be subjected
to statistical gvaluation.
STATISTICAL METHODOLOGY

An Oversall Appraisal of Human Epidermsl Measurements:

Analysis by Correlation Coefficient and Scattergram.

Correlat%p Cgefficient ~ An increase in total epidermal thickness
is usually accompanieﬂ by an increase in the length of the rete ridges.
The thickness of the stratum corneun appears frequently to increase
directly with total epidermal thickness. The suprapapillary stratum
Malpighii exhibits similar, but less pronounced trends. In order to
evaluate the significance of these findings, standard methods of determin-
ing correlation coefficients were applied (Garn, 1958). All of the
available data from the fifty sites in the six bodies studies were-compiled..
The 1nd1v1dual epidermal featureg studied {thickness of stratum corneum,
suprapaplllary stratum Malplghii and total epidermis together with the
length of rete ridges) were tested one egainst the other. In each
instance, a significant positlve correlation wvas demonstrated (Table VII).
While the table speaks for itself, attention is drawn to the strong cor-
relation of total epidermal thickness and/or stratum corneunm with the
length of the rete pegs of the stratum Malpighii. This observaticn

'provideéja mechanism for’increaaing the numhér of cells involved in the

process of differentiation,(keratinizétion) within the stratum Malpighif.

A
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Thickness modulations of the stratum corneum are directed by rete peg
1ength:and suprapapillary stratum Malﬁighii dimensions. Thicknéss of the
total epidermis reflects the overall efficiency of keratinization activity.
Thﬁs, corrélation coefficients, as they apply to the several epidermal
features, reflect their developmental interdependence.

Scattergram Anslysis - Additional insight into the overall

charactéristics of human epidermis are provided by the sc#ttergramé
(Figs. 1 and 2). The mean vaelues of the measurements of the epidermal
features studied from sites 1 through 50 were calculated (Ta%le 1). The
range of the observed means and the areas of greatest occurrence for any
given measurement now bécome apparent. Fig. 1 tests the length of
rete ridges vhicgﬂgay vary from 0.01 to 0.23 mm against stratum corneum.
and total epidermal thickness as they vary from less than 0.05 mm to 0.60 mm.
Thé‘broad spread of the thickness of stratum corneum and total epidérmis
related to the length of rete pegs in Fig. 1 approaches linearity and
for reasons cited earlier may be cautiously interpreted as one of
causation. The‘range of thickness of suprapapillary stratum Malpighii
is limited to .05 mm ranging from .02‘to:.07 mm and the correlation is not
as strong as for the total epidermis or stratum corneum related to the rete
peg length. Using the‘scattergram, however, it is possible to estimate.
the thickness of the epidermal stratum from the length of the rete pegs.
-

Fig. 2 considers the ﬁean thiéknesses of stratum corneum, sup-
rapapiilary stratum Malpighii and totai epidennis; testing one against
t?e othe&v As with the preceding study, corrglations app:oaching 1inear1ty

can be observed. The total epidermis and stratum corneum exhibit wide
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dispépsion of points from less the .05 mn to .60 mm. The scattergrams
demonstrate a heavy clustering towards the lower part of the range of mean
measurements representing alil Tifty sites studied. The norm for

epldermis or.its component parts is‘.lo m or less total thickness.

About: 25% of the mean values for fifty sites studied, however, lie beyond
this range. They constitute the harder vorking tissues involved in flexlon
and extension or weight bearing. These points, none the less, lie pre-
dictably along a linear Path of, the graph and it remains possible to

predict the thickness of total epidenmls or its component strata only if
one of the variable epidenmal features is known.

The stratum Malpighii above the rapillary plate is.sabout 07 mm
at its greatest thickness as compared with .70 mm for the stratum corneum
(mean measurements).. The narrowver spread of values for the suprapapiliary
stratum Malpighii exhibits a significant positive (though less pronounced)
correlation in the scattergram allowing estimation of total epldermls or
stratum corneum thickness if the dimension of the suprapapillarylstratum
Malpighii is known.

Thus far the analysis of the fifty sites studied has imvolved
'observed individual or mean measurements spplied to epiderﬁi; as a
generalized entity. It now becomes necessary to analyse the epidermis
as it functions mechanically to test the hypothesis that skin morphology
varies in resp;nse to these external deman&s.

Analysis of Epidermal Features Restricted to Functionel Groups and
Expregsed ag Histograms

It is likely that the morphology of the epidermis reflects its
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Tunctional characteristics (McCarthy and Habowsky, 1972). In o;der to
logically study this preﬁise, skin from various body regions was divided
into six, groups accofding to their mechanical roles. They were; coverings
(f1at and rdunded), anchoring, special (penis and eyelid), flexing and weight
bearing. Histograms were prepared comparing stratum corneum, supra-
papillary stratum Malpighii and total eﬁidermal thickness to thé

frequency at which each epidermal feature occurred. ° A similar sfudy was
made involving rete Peg length and number per'mm a3 to their frequéncy of
occurrence. The frequency took into account esch individual measurement
of the sevéral epidermal festures from each of the six bodies under study
for each anatomical site aésigned to a particular functional classification.
For example, in Fig. 3, the histogram comparing the epidermal features

in those sites described as covering, there were 16 measurements
(occurrences) of the stratum corneum at the .01 mm level, 24 at the .02 mm
thickness and so on.

Figs. §:££rough 8 compare the range and peaks of occurrence
(frequency) of tﬁé“thicknessea of epidermal features within the six
different skin functional groups. Where coverings (flat and rounded),
anc;oring and the special types (penis and eyelid) were involved, the
thickness of the total epidermis seemed to huddle in a nafrow range
(Figs. 3 - 6). The stratum corneum grouped about .02 mm values (Figs 3
through 6) but the veight bearing surfaces (Fig. 7) had its greatest
frequency of occurrence at the %hickness level of .31 mm and the flexion
surface grouped about the .06 mm thickness (Fig. 8). Apparently, the

work of weight bearing increases the stratum éorneum 10 to 15 times that

1
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of more "passive" skin,and flexion and/qr extension activity requires
a lesser but still noticeable 3 fold expansion of the stratum corneum
., 88 compared with less active sk}n surfaces. The stratum Malpighii -
showed a similar increase, but to a lesser degree (about two fold
increase for weight bearing and flexing types of skin as opposed to the
more passive types).
Figs. 9 through 1} cémpare the ﬁumber and length of the rete
Pegs by the histogram method identifying the range and peaks of occurrences
(frequency) of these two variable among the six functlonal groupings.
The same trends observed in the measurement of epidermal strata continue
to be reflected in this study. Again, weight bearing epidermis showed
the most marked shift toward increased length of rete Malpighii (Fig. 13)
making it necessary to employ a scale extended to 30 mm. Rete length
in epidermis involved in flexion and extension showed the second widest
range as occurrences of up to .15 mm were reached, The more passive
skin types again huddled in a range under .lOImm length of rete pegs
with the greatest frequency of occurrence beiné in the .03 to .06 mm range.
Histograms reflect overall range and Peaks of occurrence {fre-
quency) for measured values on individual cases (Appendix B compilation).
It 1s possible to generalize from the dats. Mean values calculated from
individual measurementsg of the epidermal features under study and
funetionally grouped are summarized in Table VIII. This defines central
tendencies within thé groups as a whole, but of course tends to mask some

of the extreme values. Weight 5earing and flexion groupings of epidermis
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again show distinct departure from the other more passive groups. If
the sfratum corneum is considered, weight bearing sites are 15 to 20
times greater in thickness than passive sites. ] Flexion sites are about
3 times thicker.

The stratum Malpighii Presents a mean thickness of -05 mm, twice
that of the passive epidermal types, when compared to weight bearing.
Elgxion surfaces demonstrate an increased thicknéss of stratum Malpighii
of .04 mm compared to .03 mm average for the passive types overali-

Mean total epidermal .thickness of weight bearing skin types 13
T or 8 times as thick as the passive groups while flexion surfaces are
twice as thick. '

The mean number of rete pPegs in weight bearing surfaces is twice
that of the passive group. The mean occurrence of pegsuin flexion
surfaces is 6 compared with b for the surfaces involved in coverings
(flat and rounded) special and anchoring types.

Rete peg length in ve1ght bearing sites. averages .13 mm compared
with .03 mm in passive groups, a four fold increase. Length of flexor 5
surfaces is double that of the passive skin types (.05 mm} but only i/3
the length av?rage for weight bearing surfaces.

Thus, the observed data indicate that regardless of which of the.
several epidermal features are considered, the external demands occa51oned
by weight bearing or flexion Produce an increased thlckness all dimensions
(total epidermig_or its component strats and/or number and length of rete

ridges). These alterations are all the more noticeable when individual

variations are considered within the particular cases individually

>
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‘ ‘
(Appendix B) or among the differences between sites collectively making up
a particular functional group. - It must be observed that the standard
deviations accompanying the mean valueg (Table VIII} for the several
epidermal feaﬁﬁres under study as they occur among the six functlonal
skin cgtegories are of considerable magnitude. This suggests that the
means might not be significantly different. Results of a "t" test shoued,
. however, that the differences were statistically reliable (Table IXE) ‘
P for all values|‘thcn vas .00l except for weight bearlng vs. flexion'
test of 2.51]1 whefe it was’ .05, still statistlcally different however
YAt the same time, no statistical difference between even the most

different values among the passive skip types was observeable.
stratum corneum of covering vs special: "t"

Stratum Malpighii of anchoring vs special "t"
Rete Length of special vs anchorlng s A

2.8629 (n.s.)
1.663 -(n.s.)
.8053 (n.s.) '

umu

It was on this basis that covering skin types were ‘tested as
representative of passive skin types against the active flexing and welght
bearing groups. Weight bearing skip sites ‘revealed marked heterogene1ty,
but the means observed from the various sites within thisg functlonal group
are consistent with what is to be expected for the degree to uhlch the
‘site is involved in the weight bearing activity.- It.is obvious that the
Plantar heel, for example, bears more weight than the plantar aspect of
the toe. (Table I¥A) { Tt can be said in general that weight bearing
skin surfaées have muchzgreater thickness of totai eﬁidermis and strﬁium
'cdrﬁeum'than passive skin groups. Within the weight bearing group itself

Bignificant difference predictably occurs (Tablejrﬂ wResults of "t"
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tests show the plantar aspect of the toe (site 35) X=.11 mn, differs
significantly from the plantar aspeét_of the ﬁeel (site 30) X=-56 mm
(8.758 p=.001).

Differences among the six cases diésected provide the greatest
degree of heterogene1ty among each of the four functional weight bearlng
51tes selected when compared to the passive skin sites where less
variability is the rule. It is reasonable to expect that in each
individual the four weight bearlng sites were subjected to varying degrees
of use in terms of body weight, activity, etc. with the result that
-\\bbserved.thlcknesses are especially variable at this point.

A similar analysis can be made with the flexion-extension datsa.in
which the mean epidermal thickness is -103 mm, more than twice the thick-.
ness of the passive epidermal types. The standard deviation of L0763
indicates considerable heterogeneity as well. The data was subdivided
into head and neck, upper and lower extremitles for a more particular
analys1s. The head and neck showed thin values of epidermal components
(Table IX,B). No significant differences between the anterior and
posterior flexing surfaces of the neck is evident ("t" =1.655 (n.s.)).

If the fléxiﬁg surfaces of the upper extremity are tabulated it
is again clear that variable functioning of parts results in a predictable
heterogeneity of the data. Among the ten sites, it i immediately clear
that those surfaces involved in grabping activity aré responsible for the
skew, and that the thickest measurements are found in the Anterdigital
web of the apposable thumb (TableIX; c). Signifiqant difference is
demonstrable between grasping and non grasping flexor sﬁrfaces: ("t" = 4.208

-

p= .001). : . - -
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The lower extremity data demonstrates g skew‘largely_due to highv
values for the flexing surface of the posterior ankle at the insertion

of the tendon of Achilles. At this site, the part is involved with

groin or gluteal fold. The total epidermal thickness of gluteal folqd
is significantly different from that of the posterior ankle although both

flex members of the lover extremity where "t" = h.3h2 p= .001.

within the functional groups themselves gg weli as between different
bodies_at the same point. it is‘to this variation that the present study
is addressed. The.mean values for a given site ang for the functional
groups are useful to indicate éertain céntral tendencies. Weight .
bearing does aignificantly increase the thicknesses oflthe component
epidermal strata in direct‘felationship to the amount of weight born.

Similarly, flexing sur%?ces increase their thickness of’ component

increaseq thickness values,

Individuality of Human Epidermis from Site to Site Demonstrated by
Pattern Analysis . - ‘
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first the skin in 1ts entirety; correlation coefficients and scattergram
dlstrlbutlon. Secondly, =a comparlson of six different functional skin
groups employlng histograms and means {Table VIII) of the epidermal
features of 1mportance to the present study was made. In general, an
-increase in thickness of epidermal strata, number and length in rete ridges
was noted as functional demands of weight bearing, flexing and extending
were made upon skin sites. It must be reasoned, hewever, that no two
skin sites operate identically, and if the assumption‘is made that
function influences morphology of the epidermis it follows-that variation
within.certain limits should, indeed, be'the norm, Most data .are
complicated by & degree of'variability, and this study is no exception.
Fifty sites Ere under study and each site has a range of observed thick-

- ness values. In order that theae-prbblem be resolved Or accommodated,
the use of pattern analysis (Garn, 1955) has been employed. _This

method permlts comparison of easurements of numerocus unrelated variasbles
by flxlng the respective data on the abscissa axis of g graph with site
location positioned on the ordlnate. Whgn the numerous points are joined
by lines, a pattern is formeq enabling comparison of the variables (total
site thickness or relationship of the component strata within). Mean
values for each of the fifty'sites studied have been used in the preparation
of the patterns to fbllow; Bjological interrelationships between the
epldennal features being studied could be sugpected if patterns were
strlklngly similar. Subsequent graphs will demonstrate noticeably
corresponding patterns. Figs. 15, 16 17 and 18 demonstrate-by the

respective patterns formed the Extremely variable neture of epldermis from
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site to site. The sites are indlcated numerically on the abscissa of
-
the graph and may be identified by number from the map provided in the
section on materials and methods, At the same time, certain similarities
are in evidence. ) ‘ - : -
Fig. 15 demonstrates the number and length of the rete pegs to
be a highly variable feature among the fifty different sites plotted.

The number of rete,hovever, seems. to be directly proportional to length

since the patterns follow one another very closely. It should be

differentiation activity within the Malpighlan layer which ultimately
produces an increased thickness of stratum corneum. if patterns of.

Fig. 16 (thickness measurement) are visually compared with or super-
1mposed upon Fig. 15 it is clear that the patterns are remarkably simjlar.
Fig. 16 fUrther relates thickness of Stratum Malplgh11 and stratum corneum

with total epidermis. It is clear in the tabulatioq of mean values

stratum corneum. The ratio reverses in favor of stratum corneum as total
epidermis increases and this jis graphically 111ustrated in Figs. 16 and 17.
Pattern analysis reveals a4 great degree of variabillty in comparlsons

~of each functionally different site. " The total epidermis and/or the
component Malpighian and cornlfied layer thickness ratio also is subject
to variation from site to site.

A pattern aﬁalysis was made comparing relative afeas'of total
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epiderpiis and component portions of stratum Malpighii (including rete pegs)
5 . . R

and‘stratum corneum according to weight as described in the section on

Materials and Methods. With only minor alterations, the pattern of the !

relative area proved almost identical to the thickness plot (FPig. 16)..

-

It may be reasoned from this that thickness measurements are as reliable
as indicator as the laborious area determination by relative welghts Of"‘
. Strata for comparison of the activity of differentiation of the 5%ratum
Malpighii and the net result of that activity, the cornified stratﬁm

corneum.

Percentage values celculated fo Vstratuh Malpighii on the left
ordinate and stratum corneum on the right with site identification by
number on the abscissa indicated essentially similar patterns for valpes
derived from thickness measurement or area determinations based on com-
parative weights.

. )
. . [V N .
Anelysis of Epidermal Features for Significant Difference

Irrespective of thickness involved from place to place in human

epidermis, an analysis for statistically significant variation employing
standard "t" tesﬁing can be made. Several approaches to such testing

E | ——
can be drawn from the data at hand. Comparisons of mean values for
-stratum corneum, suprapapillary stratum Malpighii and totel epidermis
along with length of rete pegs have already bé@n discussed for the functionally
different skin groups. Equally meaningful testing between different sites
within the groupg could be made, as well as comparisoné between individusl
cases at tge same anatomical 1océtion. It ié felt, however, for pPurposes

of this discussion that the most meanidngI selection for "t" testing of
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the data would relate silgnificant shifts of the relative thickness of the
several epidermal features within ﬁhe/;unCtional group. ‘The premise
put forth in this thesis is that the morphology of epidermis varies in
response to ex?ernai functional demands. It has been observed that most
of the sites observed (75%, Figs. 1 and 2) have total epidermal thickness
in the narrow range of .04 to .08 mm thickness with the stratum Malpighii
and stratum corneum about equally divided. These strate, as they con-
stitute the total epidermis along with the rete Pegs reflectlah essentially
even distribution between the differentiating stratum (Malpighian layer)
and the totallyfdifferentiated strgtum corneum in the orderly dcveiopmental
process of keratinizatipn.?; It is dy the alteration of this balance as
the different sites respond to.extefnél mechanical funetion, that the "t"
test is directed. The stratum carneum, then, is tested against stratum
Malpighii and total epidermis an& length of rete‘pegs, and stratum Mal-
pighii is tested against total epidermis and rete peg length. (Table X).
Significant differences betweeﬁ stratum corgépm and thelstratum )
Malpighii are found in the active weight bearing and flexion-extension
skin groups (p = <.05). Skin grouped as covering (flat and rounded) and
- Tixed or-anchoring had "t" values in the range not statistically sig-
nificant. The special tissues (eyelid and penis) cﬁaracterized by
Tlexibility showed significant differénce, but evidenced a shift in
favor of the atratum Malpighii since a reduction in thickness of stratum
corneum would be desirsble f;r this func;ion.

In testing stratum corneum against total epidermis, significant

differences were found as expected in the thinner tissues where stratum

N
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Malpighii was more prominent on a simple percentage basis. In fhe thick
welght bearing tissues, "t" was not significant since the stratum corneum
dominates§§he whole of the total epidermal thickness. |

Stratum Malpighii showed significant differences with respectr
to total epidermis in all six functional skin types. This was to be
expected since the stratum Malpighii, which is the layer involved in
differentiation could not approach the mean value of epidermis reflecting
the sum total of both stréta. Again, the most significant values were
for the more highly keratinized dctive tissues involved in weight bearing
and flexionéextehsion of the skin.

Rete peg length reflects one metho@ of increasing cell volume

without increasing the area of the free surface of skin. It can, then,

be an additional méasure of the efficiency in the Process of keratinization
of a given epidermal site. Slgnlflcant varlaéions were sought for u51ng
rete peg length on one hand with respect to the stratum corneum (the
completed cornified layer) and the stratum Malpighii (the layer undergoing
differentiation)_on the other (Table X).

The stratum corneum of coverings (flat and rounded) and the
special skin types showed no significant differences when compared with
their respective rete reg length. The stratum corneum of skin'types

grouped as weight bearing and flexion-extension demonstrated significant

variation when compared with their respective rete peg léngth because

! 1
iyt

“

of thé especially marked increase of cornified layer. This thickness

reflects the demands made o these tissues and the thickness is due in

™~
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part to fhe increased number of cells contributed by the rete pegs.
NoAsignificant variation is. noted between suprapapillary stratum
Malpighii ané rete pegs for_gny of the relatively thin epidermis involved
with coverihg-(rounded'ornfiat) special and anchoring activity. ~ This is
not the case wlth the harder working epldermls of veight bearing or flex-
ing skin types where the suprapapallary stratum Malpighii increases only
slightly in thlckness, but the rete pegs show marked elongation.
Significant variation can be established by "t" test, comparing
.strétuﬁ corneum and stratum Malpigﬁii total epldenmls and papillary lengthl
one v1th another in the actlve weight bearing and flexing epldermal
situations. ' This reflepts the greater degree of differentiation required
by the‘gréatef'mechénical demands made Eg\these two skin types. The
exceptién is noted only where the stratum ;;;ﬁeum iz cdmpared with total
epidermis ih weight bearing skin. fhe absence of significant variability
is easily explained by the extreme keratinization meking the stratum
corneum predominént to an extreme in the total epiQﬁfmis.leaving minimal

difference. between the two measurements.

—— re
-

One principal'biological role of the epidermis is keratinization,
an orderly process involvingldifferentiation in the cells of the stratum
Malpighii and the completed process e;idénced by the stratum corneum.
Significant variability of epidermal features is consistent among the most
active mechanically stimulated skin types.

ARALYSIS OF HUMAN EPIDERMIS AKD THE EPTDERMAL-DERMAL,
INTERFACE

General Considerations in Evaluation of Tissues

Two principal methods, line drawings and photomicrographs, have
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been used in thisg thesis. Tﬁe term "Site" refers by number to the
anatomical location under study. ."Cage" deéigﬁates the particular body 7
being studied. Each site entails a study of anatomy, characteristics

©f the epidermis and the epidermal-dermal interface.

Functional Anatomy - The gross anatomy underlying the particular B

skin site under study as it relates to integumentary function precedes the
descriptivﬁ_part of the individual locations.

s ~
‘Epidermal Characteristicg - Cases 1 through 6 are presented as

light.microscopic tracings and comparlsons are made based on the thick-—
ness of stratum corneun and suprapapillany stratum Malpighii as well aé
”le;gth and occurrence of rete ridges (Table I&III)The particular site under
study can be related to the study as a whole by its relative position

‘in Tables‘IV, V and VI. The epidermal-dermal interface is seen in two
dimensigns as & sine curve. .Reference to thié strueture is made as the

sine interface. e

Interface Characteristics - The epidermis and dermis are V1ewed

in photomicrographs providing a three dimensional approach to the study .

of each site. Dermal papillae may be cone shaped or elongated rldges,

both of which appear the same in cross section and so could lead to mis-
interpretation.f This additional and novel approach ellminatea tbls

possibility. © It {s-this three dimensional representation which is

-

b3 d t the ‘interf . t this th t -
referre \S_Ef_. e Iinterface Throughou his esis, the photomicro

1

graph ty the left of each site identified on the page is the epidermal

-

portion of the interface. It is 1ess subject to shrinkage and tends to

remain flatter than the dermis. The photomicrograph on the right of each



rage throughout this thesis is the dermis, which is often quite revealing,
but does not always provide a hand in glove relationship with the epidermis,
.

due in part to artifact.

- Bite 1, Sealp ‘ o

Functional Anatomy - The tissues examined were from the external

ocecipital protruberance. The undérlying musculature is sparse limited
to the epicranius and the galea aponeurotica which allows only for a
wrinkling effect.

\

Epidermal Characteristics -~ The scalyp. epidermis is found among

the lower third in thickness of the 50 sites studied with the mean at 05 mm.
' Thlckness ranged from -03 to .07 mm. Stratum Malpighii end stratum

corneum are about equal in thickness. The rete peg range'was 0 to 8 per
m with 2 per mm thd mean. Mean length was .03 mm, but case 2, the bald

1nd1v1dual exhiblted an unusual .11 mm length.

Interface Characteristics - Scalp interface is characterized by

a very low proflle Thls is not due to the absence of movement alone
but rather to the effect of halr folllclcs whose development requires
most of the "dlffusable dermal’ 1nf1uenc1ng factor. Hair folliclgs can
be seen on the epldermal 1nterface orlenting in severul directionsg.

When hair is lost as was the situation in case 2 and to a: lesser extent
in case 6, rete pegs as shown by the sine interface are again strongly )
in evidence. The dermal 1nterface was ahn almost flat cheet pitted
cccasionally for the reception of the numerous adnexa.

Site 2, Eyelid

™

Functional Anatomy - The firm underlying eyeball is protectively

-
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movements governed by the levator ralpebrae musculature below and aided
by the orbicwlaris oculi about which allows for strong vlnklng.

Epidermal Characteristics - The epidermis of the eyelid is found

in the lower tenth in thickness of the 50 sites studies and ranged from
.04 to .05 mm.  There was a decided emph351s on the stratunm Malpighii
which constituted about T0Z of the total thlckness. It may be that

the demands of rapidly bllnking almost constantly during the waking hours
requires that the epidermls be thin. The number of rete Malp1gh11
ranged from 0.to § with B mean ‘number of 2 permm. The length of rete
is smal}l ranging from .Q2 to .03 mm when they did occur.

Interface Characteristics - lee the ‘hairy surface of the scalp,

the epidermal—dermal interface has an extremely 1ow proflle. Whereas &

. considerable amount of movement is Characteristic, anchoring of the

epidermis on the dermlf is made by the numerous adnexa seen. on the epldermal
portlon of the interface microphotograph The sine 1nterface of case 1
shows .an infolding expected in thig contractile and thip: epidermis.
The dermal 1nterface is flat and is pltted for the reception of the
numerous adnexs. There seems to be 7 tendency for mierofolding as
evidenced by numerous parallel strimtions.

Site 3,'Posterior Neck Folad

‘Functional Anatomy - The specimen was from the deepiy ‘folded

region where the odontoid process of the. axls artlculates v1th the atlas
vertebrae. This site allows for strong dorsgal and ventral flexion of

the head and rotational movement as well The skin section was from

v
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between the ligamentum nuchae. "The underlylng splenius and trapezius
Amuscles became fibrous as they approached their respective 1nsert10ns on
the occipital bone. This skin wasg surprisingly tough Probably due to

underlylng connective tissue. ], v

'Adissection the thlckness of epidermis itself is found in the lower third
- of epidermal gites studied. The range of .Oh to .07 mm in thickness
was observed, with an tverage of .06 mm. The stratum ‘Malpighii tended to
dominate (55%) the stratum corneum very slightly. The rete length

ranged from .03 to .04 mm:in length and the number of rete ranged from 0

to 3 per mm.

Interface Characteristics - The sine interrace has a much folded

appearance due in the main to the external.foldlng- The interface
strueture is of low profiie. The rete are seldom seen ranging from Q
to 3 per rm of sections examined.{# The lengtn is correspondingly low
with a mean 1ength of .03 mm. The epidermal interface shows eriss-cross
striations with prominent girder-ljike ridges.A The dermis ;s flat mnd
pitted occasionally for receptlon of epidermal structures Several

cutaneous nerves lie obliquely on the section. -

Site 4, Cheek . _ ' ‘ -

a

Functional Anatomy - Tissue from the cheek just inferlor to the

region of the face wag avoided.’

L



Tl.'

Epidermal Characteristies - The epidermis of the cheek was thin

o

being among the lower third in thickness of All the sites examined. The

total epidermis ranged in thickness from .04 to OT'mm with a mean value -
of .05 nmm. The stratum Malpighii Predominated representlng 60% of the

total thlckness- The rete pegs were sparse with a mean occurrence of

1 per mm and were .Olahm in length. The range of occurrence s from
0 to 7 per mm, but the length never exceeded .0k mm.

Interface Characteristics - The epidermal interface is flat

few rete pegs. Adnexa and hair follicles interrupt the otherwlse un
able surface. The dermdl 1nterface is occ351onally pitted for the
reception of adnexa and several Cross striations are seen which do nct
seem to have any counterpart wlth the epidermal interface. thtle work
other than covering is attrlbuted to the portion of skin, and little ,
Astructural 1nd1v1dua11ty can be seen.

Site 5, Chin

Functional Anatomy -~ Skin was excised: from between the mental

protruberances above the mandibular symphysis, below skin at this site is
~

a rounded covering and has only sl:ght movements. Contractions are from

the_ small mentalis muscle and by the orblcularls‘oris in strong movement.

: -
Epidermal Characterlstlcs - The thickness of chin epldermis is

found among the mlddle third of all skin sites exam1ned Tbtal‘thickness.
ranges from .03 to 08 m with the mean at 06 mm. Tﬁe stratum Malpighii
predomlnates in thls rel&tively thin epldermal tissue where the stratum
corneum is limited to about hOX of the total epidennal thickness. lﬁetee

pegs are relatively 5parse and range from 0 to S‘in number'per mn with

g
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4 length range of from .01 to .04 mm. The mean mumber is 3 and the

average length is .03 pm. P :

.

Interface Characteristics — The sine interface are qUite variable

with case 1 presenting numerous but short rete pegs and case 5> showing a
flat sine interface. The interface shown on the microphotograph is
dominated by numerous hair follicles of the beard and some of the adenexa.
The epidermal interface itself seems. to be very flat. = The dermal inter~-
face is correspondingly flat except for regularly placed pits for the [
receptlon of adnexa. ' ’

Site 6, Anterior Neck Fold

Functional Anatomy - Rotational movement provided by the odgntoid
process of the axis articulating with the atlas vertebrae with flexion
of the head on vertebral column constitutes the actlvity of the skin
excised from the anterior neck Just below the hy01d bone apd above the \
thyr01d cartllage.

Epldermal Characterlstlcs ~ Total thickness of the epldermis at

the anterior neck fold ranges from .04 to 10 mm with .06 mm as the Rean.
The stratum corneum constltutes about half or the total thickness. Rete
pegs in this moderately active skin are a bit more numerouys than here-to-

fore ranglng from 2 to 12 w1th length varying from .02 to 08 mm. The

- average number of rete ig 5 per mn with mean length of .0h mm.

Interface Characterlstlcs — The sine interface'reveals little of

2

the folding, but the photomicrograph shows a tendency toward low profile

r1dg1ng both on epldermls and dermis. A few random bapillae can be

seen on the dermis wlth scattered concavities on the epidermis. ° Thread-
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like cutaneous nerves and scattered adnexa are visible on the epldenmal
interface. _ ' . . !

Site T Chest at Mid-line

=
 Functional Anastomy - Dense fibrous connective tissue of the

t .
membrana sterni, which gives rise to the powerful pectoralis major muscle,

underlies the settion of skin cut. Flexion and extension of the ;ertebfal

colpmn and movements of the arms put some strain on this site.

~
~

Epidermel Characteristics — Total epidermal thickness of skin at .

the sterﬂo-costal articulation is in the lower third of al1l skin studied

and was found to have relative thickness df .0k mm,with the stratum

‘Malpighii tending to predominate (50 to 60% range). Moderate numbers of

rete pegs can be seen (4 per mm), but of short dimension (mean length, "
.03 mm). A‘need for firmly anctbring the skin exists, but the dense sub-
eutaneous tissue makes for much of'QPe firmness here.

Interface Characteristics - Considerable variation. of the sine

!
interface is in evidence. Most cases show well developed rete pegs.

Case 6, a fema.le showed especially brosad rete, but case 1 revealed few

rete (none on the sine interface). The nterface shown on the phpto—

i
'4

micrograph reveals numerous dermal. papillae neatly arranged in rows with
equally regular cratera among the . rete on the epidermsl interface. Some

adnexa is in evidence. It is reasonable to assume that the anchoring

function of this site demands firm adhesion of dermis to epidermis without

[}

great thickness of the stratum corneum since the cdnnective tissues

ot

beneath predominate.
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Site 8, Mid Chest'

Functional Anatomy - The'massive pectoralis major muscle which

covers the rib cage underlies the skin excised. The skin is essentially
8 covering, but some slight movement is experienced in respiration and

strong movement of the arms.

Epidermal Cheracterlstlcs - The total thickness of the epidermis
range frqmr.OB,to -06 mm with a mean of .0 mm and places the mid chest
skin in the middle third of all skin examined.. Rete pegs have an average’
number of 4 per m and are relatively low with & mean length of .03 mm.
The stratum Malpighii tends to dominate the total ‘epidermis forming an
average 60%.

'~Interface Characteristics - The sine interface reveasls vell

developed rete Pegs in all cases. The heavily muscled case 2 has an
especially 1055 peg.‘: The ret® of the mid chest &are more numerous‘and
distinct than tﬁose found at the mid liﬁe of the chest and may be a
.response to‘the greater movement associated with the arm‘deepite the
essential covering function of the skin. The epidermal interface reveals
several hair follieles and cutaneous nerves. The dermal interface shows
well formed papillae vhich are delicate angd interdigitate with equally
well formed_ rete ridges of the epidermis, The dergie appears to have

folds. . . . )

Site 9, Axilla of the Arm

Functional Anatomy - The shoulder Joint is enarthrotic and allows

\
motlon about an indefinite number of axes formed by the ball and Bocket

of the head of the humerus articulating with the glenoid cavity of the
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scapula. NLmerous tendons approach either site of the axilla, but only

axillary fasc1a and vessels lie beneath the region of skin excised . The

skin appears much wrinkled and codtains axillary hair.

Epidermal Characteristics — The axillar skin is found among the
upper third in epidermal thickness of all skin examined ranging from .04
to .10 mm thickness with -07 mm the mean. The stratum corpeum predominetes
(60%Z). Rete pegs are fairly numerous averaging 6 with a range of 1 to 1L
per mm in all cases examined. The averagé length of rete ridges observed
in axillar ski; is .05 mm and places this tis;ue in middle range with
respect to rete measurement. The upper border of the stratum corneum

. %
tends to desquamate angd is indicated on the line drawings as a broken line.

Interface Characteristics - The sine interface follows the much

folded free surface of skin. The rete pegs, where they occur are somewhat
bizarre orienting as they do in seveYanl directions. It is.probable tha;
this is due to the extreme range of motion this skin in put through. The
i ~

epidermal interface is interesting in that the upper half appears almost

flat except for some low profile ridges and sharply demarcated below are

\

well formed through shallow rete ridges. A cutanecus nerve has'been

preserved in this specimen, The dermal interface has numerous pépillae

somewhat randomly Placed along the apparent folds. —_The considerable;moflon
_—%

this skin receives demands that the interface have considerable structural

varlatlon. ‘ .

Site 10, Line Alba

Functional Anatomy - At the mid line of the abdomen, the rectus

abdomenus and oblique externus musculature joint in a fibrous aponeurosis.
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The skin reflects. thisg rather firmly anchoring situation in a white line
appropriately called the linea alba. -
’,Egi@ermal Characteristics - The total epidermis of the lines alba-

\

is found among the lower third in th1ckness of all sites studied. The

‘thickness range is from .03 to 07 mn with .05 mm the median. The stratum

+Malpighii predominates cons tutlng 60% of the total epidermnl thickness.

-Rete peg number varled from 0 to 10 per mm with 5 being average. Their

length pattern ranged from .02 to .06 mm with .03 mm the mean,

Interface Characteristics - The sine interface'usually shows a

well ordered arrangement of rete pegs. Case 5 had an unusually long elub-

like peg. 'The requirement to firmmly anchor the epidermis on the dermis ig
reflected by numerous well formed rete ridges on the epidermal interface.
Further mechanical advantage may be obtained by the p?rallel ridges which
can be seen. Several cutaneous nerves have been preserved along with

some adne;a.-' The dermal interface Presents numerous well fofmed papillae
which seem to gather inp clumps giving thls rather unique anchoring tissue

a cauliflower-like appearsance.

Site 11, Groin

Functional Anatomy —'The hip joint formed by the articulation of

the head of the femur with the acetebulum provides an enarthrotic Joint

allowing rotational movement, but flexiocn and extension of the thigh in
walking and flexion *n sitting are thzﬁirincipal motions of the hip and

the groin marks the line of greatest ement.  The skin was excised from

Just below the inguinal ligament above the inguinal canal. The rectus

femoris miscle and the origin of the fasca lata were adjacent.

\
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,Epidermal Characteristics - The epidermis of the groin is found

among the lower half in thickness of all sites ‘examined. Thickness
ranged from 02 to .06 mm and .05 mm was the mean. The stratum Malpighii
tended to predominate (60%). fThe number of rete pegs ranged from 0 to 9
with 6 the mean. Length of the rete ranged from .02 to .08 mm with .ok
the Mean making the groin an average tissue amohg the 50 sites.

Interface Characteristics - The sine inte;?ace was in most cases

- dominated by the folg of the groin. Rete pegs are usually absent at the

fold itself but are found peripheral to it. The epidermal interface
Present some ‘adnexa and a few cutaneous nerwves are Preserved. Numerous
well formed but variably sizeq craters formed by the rete ridges for the

reception of dermal papillae are seen centrally bordered by a flat

epidermal sheet where the fold }tself is approached. The dermal inter-

face has numerous papillae of variable size and shape and direction re-

-

sponding to the variety of movement demanded The dark area at the upper
right of the dermal interface is the sharp folq" further accentuated by
tissue shrinkage during the preparation.

Site 12, Back (Mid Line at the Clavicle)

Functional'Anatomy ~ The dense tissue of the back at the level of

and the aponeurosis of the trapezius musculature. Slight motion may be
attributed to the skin of this region as the vertebral column is flexed

or arched or the trunk of the body twisted.

Epidermail Characterigstics - The epidermal thickness of the back
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at the mid line, clavicular level places this tissue in the lowest thifd

. B

of all tissues studied. Total thickness ranges from .02 to -05 mm with
.0k mm the mean. The stratum Malplghll tends to predomlnate formlng
Just over 50% of the total thlckness.-- The rete peg count is average

r

numberlng from 0 to 7 per mm with 6 the mmean. Rete peg length ranges

from .01 to -09 mo with the mean at .04 mm.

Interface Characteristics ~-The sine-interface shows very low

profile rete and case 1 shows none“at all. The skln at the mid llne of

the back was very tough malnly due to the flhrous aponeurosis and dense

connective tissue beneath. The epldermal 1nterface however, shows many

well formed and fairly regular craters of the rete ridges to reinforce _
the anchoring function of the skin at the smnll of the baek. _The dermal
interface shows many low proflle paplllae seemingly arranged in rows about
the eentral fold. . This seems characteristic of what, in this study, h

been called anchoring skln types where rlgldity is required in the absence
of gross movements.

Site 13, Back at the level of the ith Lumbar Vertebrae

k)
Functional Anatomy - This site is characterized by strong motion

in the twisting of the trunk and flexlng as in the act of bending ete.
Heavy musculature invests the vertebral column at this point, principally
the latissimus dorsi, the the dense fibrous tissues of the lumbo-doraal

fascia blending in.

Epidermal Characteristics — The mid line of the back at the level
of the Lth lumbar vertebrae has an epidermal thickneB%{placing it in the
lower third of all tissues studied. Total epidermal thickness ranges from

-03 to .07 mm with .O% mm the mean. The stratum Malpighii predominates

’
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forming 60% of the total thickness. Rete ridges are falrly numerous
ranging from 2 to 11 per mm with & mean number of T. The length is
fairly low and ranges from .01 to .06 mm w1th the mean at .03 mm.

Interface Characteristics — Rete Pegs were apparent in all sine

interfaces, but considerabie variation in morphology is in evidence.

2

The epidermal interface shows @ greater diameter of the craters formed
by the rete ridges when compared with;phe mid line skin of the back at '
the level of the.clavicle. : It is felt that the greater work load placed
on the lower level 5} ;he spine requi;es more definitely structures
epidermal dermai’interface. The dermel interface shows a fair degree of
regularity to the Occurrence of papillae which are well formed and seem_to

be perpendlcularly oriented toward the free surface of the skin.

Site 1L, Buttox . .

Functional Anatomy - The massive gluteal misculature, the gluteus

maximus in partiecular arising from the alas of the ilium underlies the

skin excised. This region is a covering, but is pressure receivinglin
the sitting position and receives indirect motion in rotational hip move-

ments and in adduction and abduction of the femur.

Epidermal Cheracteristics - Epidermal thickness of the skin of the

buttox is found in the lower third of all skin studied. The mean epidermal
thickness is .0b mm with the range . Q2 tol .07 mm.  The stratum Malpighii
is predominant as it forms about 60% of the total epidermis.

The mean number of rete ridges is 6 per mm. The range of rete
pegrlength is from .03 to .07 mm with .05 mm the mean.

Interface Characteristics - This site is unusual in that it recelves
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pressure and mild movement, dbut it is essep£ially a8 covering. ;This
diversity suggests the reason for the numerous well forﬁed creter-like
depressions formed by the rete ridges. They are seen to orient along
parallel ridges on the epidermal interface. Some adnexa and cutaneous
nerves are in evidence. The derwal interface shows numerous well farmed
papillae which seem to have formed at = slight angulation, possibly as

& result of pressure against the free surface of the skin.

!

Site 15, Back, Upper Lateral Portion

Functional Anatomy — The spine of the.scapula is found at this

site with the trapezius muscle overlaying the boﬁe. This site is subject

to‘move;;nts.of the sholder as & whole and thevrotational and swinging-
moveﬁents of the arm. It is classified as a covering, however, since
it is not actually at the'position of flexion and extensipn and recelves
these motions in a peripheral way. |

Epidermal Characteristics -~ The underlying musculature and

connective tissues at this site sre denge, but the'overlyiqg epidermis is

fhiu and found among the lower third of all éites studied. The mean
thickness is .04 mm with a range of .02 to .08 m in upper lateral back

. ééidermis. The stratum Malpighii was SS% of total epldénm&l thickness.

The rete peg count was U per mm and the length of papillae was found-to

be fairly congtant at .02 to .03 mm.

Interface-Characteristics - The sine interface was for the most

part of low profile except for the heavily muscled case 2 which revéaled
& few thin elongate pegs. The interface of the epidermal section showed

parallel ridgingkbetveen which were numercus craters formed by rete
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Malpighii uhich were well formed and regular in size and shape. Some

hair follicles are in evidence. The dermal interface shows numerous

well formed small papillae which seem to slant slightly. The epidermis

of the back, though thinly structured, is well anchored to the dermis by
‘

numercus rete and dérmal puﬁillae and provides flexibility to the part.

Site 16, Gluteal Fold -

Functional Anatomy -~ The gluteal fold is deep and formed at the

Juncture of the transversly placed gluteal musculature above and the

musculature of the posterior thiggl_principally the semimembranosis and

semitendinosis, below. The reglon receives heavy pressure on sitting
as weight is transmitted through the conjoined rami of the ischium and
puﬁis and reflects the rotational movemenht of the hip but is especially

active in flexion and extension of the l1imb upon the trunk in walking.

* Epidermal Characteristics - The skin from this sife‘wus espeéially
tough in excision due to the dense underlying cuunective tissue. The
epidermal thickness was thin and found in the lower third of all sites
studled. The mean epidermal thickness was .04 mm and ranged from .02
to .05 mm.  The-stratum Malpighii formed 55§ of the total thickness.

The rete peg count was 6 per mm with their length ranging from .02 to .08
mm and .04 mm the mean.

Interface Characteristics - The interface reflected the sharp

Tfolding expected at this site. Rete pegs, usually of low profile, were
noted on the sine interface, but not at the site of the actual fold.
The rete pegs were sometimes at right angles to the skin, but often assumed

a blzarre shape which could be expected considering the pressure trans-
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mitted through this part. The epidermal interface showed only a few
depressions formed by the rete ridges. A generalized low profile

with numeroﬁs ridges of parallel orientation is predominant. It is con-
ceivable that cross ;ection representations might give the appearance

of rete pegs shown in the sine interface and a false impression on rete
count and measuremeﬁt. Several cutaneous nerves can be seen on the’
epidermal;iﬁferface. The de:mal interface shows parallel furrows with a
few true dermal papillae irregularly placed and in a slaﬁted}position. .
It is clear that the papillary structure has been much modified due to
Pressure, and the continucus ridging and furrows reflect ,in their
parallel positions, the stress lines of flexion and exténsion.

Site 17, Shaft of the Penis ’

Functional Anatomy - The skin of the shaft of the penis has been

included in a special class and isg unique in that alteration of size and
shape occur as the cavernous sinuses fill with blood at erection. In
passive gtates the shaft of the renis is quite flexible. The only under-

lying musculature is the cremaster muscle.

Epidermal Characteristics - Epidermal thickness found in the shaft

of the penis'ilaceg the tissue among the lower third_of all skin examingd.
Epidermal thicknéss ranges from .02 to .06 mm in thickness with .Ob mm the
median. - The stratum Malpighii is predominant and forms about 60% of
total epidermal thickness. The rete peg count is aversge -with 5 per mm
the median. Length is of lowe; profile ranging from .02 to .05 mm with

.0l mm the median.

Interface Characteristics - The sine interface demonstrates conaid-
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J 1ok,
erable morpHologic variation. Casge 1 ﬁas nuﬁeroua low profile rete
pPegs. Case 2 has rete pegs many times larger and 1rregularly shaped._
The epidermal interface presents parallel ridges wlthln which a few well
formed craters made by the rete Malpighii are seen. The majority of the
elongate depressions formed by tae rete ;eem to orient at right angles
to the principle parallel ridges. The dermal interface has some
essentially flat reglons and a few regularly shaped dermal papillae. The
dermal papllla; for the most, part, seem to have coalesced into ridges’
running obliquely to what seem to be folds. The epidermal-dermal inter~
face would seem to have baen.direated by the need aﬁ‘thia tissue to

expand and contract. ‘

Site 18, Ear, Posterior Helical Margin

Functional Anatomy - The saucer-like ocuter margin of the ear

“u

‘presents a rounded covering of skin investing the auricular cartillage.

There is little subcutanecus tissue and no motion can be demonstrated.

Epidanmal Characterisﬁics - The epidermal’ thickness of the outer
margin of tha ear is in the middle third of all-tissues examined. . The
mean thickness is .06 mm with a wide range ofrvariation from .03 to .12 mm.
The stratum Malpighii dominates making up around 65% of the total thick-
ness. Rete ridges mumbered 7T pef mn with a median length of..OS mn and
the range from .03 to .06 mm.

IntérfaceAgjégacteristics -~ The sine interface presented extreme

varlabillty and no association with functlon can be made. The epidermal
interface is domlnated by hair follicles and adnexa - There are some

diffuse craters formed by the rete ridges on the essentislly flat inter—
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face. The dermal interface has numerous depressions for the reception
of the adnexa, but numerous small dermal'papillae can be seen. This
region of skin covering a-rounded prominence is anchored by adnexa to the

.

underlying tissue. The dermal papillae are numerous and low and must be
. . _

received into the rete ridges which are not well demonstrated in this

preparation. Adhesion is doubtless firm when the two systems, adnexa

and rete are considered.

Site 19. Ear Lobe A

Functional Anatomy - The ear lobe is invested by skin of

rbunded covering type with tough areolar and adipose tissue beneath.

Epidermal Characteristics -~ The epidermis of the ear lobe is among

the thinnest of all sites studied. The mean thickness was .03 mm with
an observed narrow range of .03 to .04 mm. Rete ridge or peg count
averaged 6 per mm with & mean length of .03 mm and a range of .03 to .05 mm.

Interface Charscteristics — The sine interface was varisble.

Case 1 had almost no structure while the other caées showed irregularly
distributed ﬁsually low profile rete pegs. The epidermal iﬁter?ace is
dominated with hair follicles and adnexa with very few craters formed by
?idges of the rete Malpighii. The dernmi interface_is unidue with its
regular;y Placed depressions for the receptioh of adﬁexa.- Only a few
dermal papillae are in evidence. No functionsl inferences can be drawn
from this morphological pattern. ' -

- Site 20, Inner Aspect of the Elbow

Functional Anatomy - The elbow is a ginglymus Joint and hinges the
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ulna an? radius‘below with the humerus sbove, Vessels become prominent
in the inner fold of Lhe elbow as the hiceps musculature becomes tendinous
at the lower end of the humerus for insertion into uln=., The inner ¢
aspect of the elbéw is subject to a marked degree of flexion, but may
extend only to the neutral position placing tpe humercus, radius .and ulna
in a straight line relationship. ;. |

Epldermal Characteristics - The epidermal thickness of the inner

elbow places this tissue among the middle third of all sites examined.
The mean thickness was .06 mm with the range widely spread from .0% to .11 mm.

The rete peg count dveraged 2 per mm and the length ranged from .0l to .0b mm.

Interface Characteristics - Thé sine infefface was domin;ted by
the folding of the free surface of skin. True rete wére sparse and
occured peripheral to the fold itself. The epidermal interface had few
well formed craters formed by the rete ridges. The predomin§nt structure
was criss-crossing ridges. Some hair f01liclés and adnexa are present.
The dermal interface shows a central depresaion with random papillae at
the gide. low profile folds rather than papillary structures are thé rule.
. The fold of the elbow seems without structure except for grooves and ridges
and is suggestive of the flexor fold éf the'finger where eﬁidermqi—defmal
interface structure is lost in deference to st;ong fibrous conhective tissue
anchoring the epidermis at the point of greatest use. The pronounced
flexing funqpion of this site may have influenced a loss of dermal papillae
since a tough fibrous connective tissue raphe is required.

Site 21, Posterior Achilles Tendon

Functional Anatomy - The ankle Joint is of the ginglymus type
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acting as a hinge for flexion and extension of the foot on the leg where
the malleoli of the tibia and fibula above articulate with the talus below.
The talus in turn transmits weight to the os calcis or heel bone where

the Achilles tendon inserts at the posterior tuberosities’ The skin
excised covering the Achilles tendon Just above its‘insertion ié much
folded due to the flexion and extension of the foot on the leg aﬁd must

be considered to tranamit veight from the bgdy above.

Epidermal Charad}eziftics ~ The epidermis of the posterior ankle
has a mean thickness of .¥% mm Placing this among the uppermost 10% of
81) sites studied. |'The range of epidermal thickness is most variable,
from .15 to .33 mm and the stratum corneum con#titutes 65% of the whole.
The number of rete Pegs tends to increase with respect to other sites
studied ranging from 5 to 10 per mm with 8 the median. Rete length rangés ‘
from .02 to .10 mm, but the median is .07 mm. |

Interface Characteristics - The sine interface is variable. Case

5 shows numerous and elongate rete pegs. Case 4 and 6 seem to be more
irregular and of lower profile. Tge'epidermal interface has parallel folds.
Craters formed by the rete ridges are numerous, well formed and regular as

- they occur between the folds. The dermallinterface Presents numerous

wvell formed finger-like projections of the dermal papillae regularly placed
about a deep straight fold This site is unusually hard working,reflected
by the highly structured epidermal-dermal interface. The epidermis ig
firmly anchored on the dermis by the well formed elongate and numerous

interdigitating dermal Papillae and rete ridges.
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Site 22, Posterior Thigh

Functional Anstomy - This site is a coveribg for the heavily

muscled posterior thigh in whieh the bellies of the semitendinosus and‘
the long head of the biceps femoris are found. The dense fibrous fascia
lata is invested in this region as well.

Epidermal Characteristics - The epidermis is relatively thin at

this point and has a mean thickness of .05 mm with a range of .03 to .Q7 mm.
In terms of epidermal thickness it is among the lower third of all sites
studied.  Stratum Malpighii and stratum corneum are about equally dis--
tributed. Occurrence of rete ridges ranges from O to 7 per mm with the
mean count at 3. The mean_léngth of rete pegs is .02 mm.

Interface Characteristics -~ The sine interface is varied. Cases

1, 3 and 4 have little structure.. Cases 2, 5 and 6 present;mpre or less
well formed rete pegs. The epidermal interface is varied uitﬁiﬁ ifself.
There are clusters of craters formed by the rete fi&ges‘ but the epidermal
interface is mostly flat with several elongate continuous infolqings
Several pronounced hair follicles and adnexa are’present.b The dermal
interface presents numerous parallel feolds with: discrete well formed
papillae randomly Qlaced. This region is not called upon to bear " welight

r flex and extend and appears not to require elsborate structuring of the

interface.

Site 23, Popliteal Space

Functional Anatomy - The knee Joiﬁt is a ginglymus joint acting as

& hinge and allowlng flexion of the lower leg on the thigh at the arti-

culation of the femur above with the tibia below. Extension is limited
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to alligning the leg to a straight line relationship vith the thigh. The
skin at the popllteal space is superf1c1al to the popliteal vessels which
are bounded medially by tendons of the semimembranosus and-semitendinosus .
-and leterally by the blceps femoris.

Epidermal Characterlstlcs — The epidermal thickness of the popliteal

B
space ranges from .03 to .06 with the mean .0 mm. The tigsue is amqng

(4
the lower third in thickness of all sites examined. The stratum Mslpighii

tends to-predominate slightly forming 55% of the total. Rete pegs number
from O to T per mm with 3 being average. Length of the rete'pegs varies

from .02 to .06 mm. - ' \

A~

Interface Characteristics — The sine interface ig usually smooth. Tl

The well muscle& case 2 has several elongate thin rete pegs. The epidefmal
interface eas adnexa and cutaneous nerves which emerge from the rather
flat surface.l A tendency to furrow in parallel can be observed about
which craters formed by-the rete ridges can be seen in sparse clusters.
The dermal interface seems furroued. It is occasionally smooth but inter-

rupted by clusters of small discrete papillae. This much flexed,site hag

“-o.i .

comparatlvely little structure and it is probahle that deep dense fibrous

. connective tissue assumes much of the binding of the integument.

S~

Site 2k, Anterior Thigh

Functional Anatomy — The femur is covered anteriorly by heavy
> |
musculature of the rectus femoris and vastus intermedius ‘invested by super-

ficial fascia. The skin Rere is involved in covering and little motion
Pe R

can be attributed to it.

Epidermal Characteristics - The mean thickness of the epidermis of

Y

-
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the anterior thigh is .06 m placing it in the lower third of all sites

examined. Mean epidermal thickness was .06 mm and ranged from .04 to
.09 mm. Stratum Malpighii and stratum corneum were about equal. The rete
regs numbered from O t0.5 per mm and the mean length was .03 mm.

Interface Tharacteristics - The sine interface -was of low profile

as indicated by number and length of rete pegs, although case 6 demon-
strated several well formed broad pegs. The epidermal interface. had

mmerous cutaneous nerves. The tissue was furrowed with clusters of

rd
L

cratefs'formed by ‘rete ridges for reception of de£m31 papillae. The dermal
interface demonstrated more pronounced parallel ridging with areas of
numercus small papillae. This tissue which functions in the main as s
covering has little need for highly developed interface structures and

has ridges and furrows supported by low profile papillae.

Site 25, Supra Patella

Functional Anatomy - The patella is & sesamoid bone lying in the
conjoined tendons of the quadriceps femoris musculature which becomes
fibrous as it inserts into the tibial tubercle. When the knee joint is
extended, this tissue tends to wrinkle but becomes tense as the knee is

Y

flexed.

.

. Epidermal Charficteristics - The epidermis of the supra patellar

\
region is active in flexion and extension and in the transmission of weight

_and is found'in the upper third in thickness of the 50 sites examined.

,:_The range ‘of epidermal thickness was from .06 to .12 mm with the mean .08 mm,

Stratum corneym predominated (605 of total thickness) as work demands in-~

- creased at thia site. Rete peg length ranges from .02 to .06 mm with .OLmm
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the mean. Occurrence of the rete _f:!egs wvas 2 to T per mm with the average
number at 5.

Interface Characteristics - The sine interface demonstrates the

Occurrence of rete pegs of varié.ble shape and length. - éase 6, had
particularly well formed regular ret;a regs. The epidermal interface
revealed a straight line foldlng about which well formed moderately regular
craters formed by the rete ridges can be seen. Some adnexa is present.
The dermal interface presents a4 deep fold about vhlch well formed dermal
Papillae are numerous. The stress of folding as the knee is flexed and
extended apparently demands a modErz;.tely well structured epidermal-dermal
interface.

Site 26, Lateral Thigh

Functional Anatomy - The femur is covered on its lateral aspect

by the vastus lateralis muscle which abducts the thigh at the hip. The
mscle belly is massive and covered by the though fibrous connective
tissue of the fascia lata. The gkin is subject to little motion and
functions as a cover. When the center of gravit); of the body ;s shifted
laterally, stress and tension is placed on the skin.

Epidermal Characteristics — The mean epidermal thickness of the

skin of the lateral thigh is .06 mm Placing this tissue among th;e middle
third of all sites studied. Thelrange of epidermal thickness is variable
from .03 to .11 mm. The stratum Malpighii tends to Predominate, its
thiclmeas contributing Just over 50% of the total epidermis. The mean
occurrence of rete pegs per mm is 3, the median length .03 mm with a range |

of .02 to .08 mm.
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Interface Characteristics - The sine interface is most varied.

Case 1 and 4 have little structure, but the remaining 4 cases present

well structured rete ridges. The well muscled case 2 demonstrétes long .
fihger—like rete. The epidermal interface is much more structured than
the anterior aspect of thigh, possibly because of the stress accepted by
the underlying tensor fascia lata. There are shallow structureless folds
surrounded by small craters formed by the rete ridges. The defmal inter-

face presents several‘parallel ridges and numerous small papillae filling

the region between.

Site 27, Medial Thigh

Functional Anatomy - The medial aspect of the femur is covered by

the adductor musculature which brings the thigh into the mid 1line body.

The adductors magnus and longus are quite dense at mid thigh where the skin

specimen was excised.

Epidermal Characteristics — The median epidermal thickness of the

medial aspect of the thigh is .04 mm placing this tissue among the lowerf
third of all sites studied. The epidermal thickness ranged from .03 to

.06 mn and the stratum Malpighii is.slightly predominant. It constitutes
Just over 50% of the total epidermal thickness. The rete peg'coqnt is 2

3
per mm with the length of rete .02 to .03 mm.

Interface Characteristics - The sine interface is of unusually low
profile although the fleshy femzle, case 6, does demonsfrate éome broagd
rete pegs. The epidermal interface is rather structureless. Parallel
fbld;d lines cross an unusually flat surface with ;nly a few random

craters formed by the rete ridges. A few hair follicles are in evidence.
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The dermal interface is equally structureless excepi for parallel folds.
It would seem that few functional demands . are placed on this covering and
the epidermal-dermal interface lacks structure.

v

Site 28, Crest of the Tibia

Functional Anstamy - The anterior aspect of the tibia is superficial

and along its mid shaft serves as origin for the tibialis anticus muscle.
Little motion is found in the skin along this site, although it is firmly
attached to the underlying fibrous connective tissue and bone.

Epidermal Characteristics - The epidermis of the skin of the

region of the tibial crest is among the lower third in thickness of all

sites studied. The mean thickness is .0L mm with a renge of .03 to .08 mm.
\i:%ée stratum Malpighii and stratum corneum are about equal. The rete peg

ié 3 per mm with a range of .02 to -05 mm in length. The mean length is .03 mm.

Interface Characteristics — The sine interface of most cases is
of low profile. The heaviLy mscled case 2 is umusual in having several
long finger-like -rete regs. The eﬁideruml interfuce.is varied. Tﬁe
craters of the ridges of the rete are clustered about hair follicles and
adneng This region is adjacent to a flat structureless area of the -
interface. A cutaneous nerve can be seen. The dermal interface hes

papillae of small size in parallel orientation. There is a flat structure-
\ ’

less area and a depression for the reception of adnexa arcund which

11---

papillae are found:iﬁ'rosette configuration. It is probable that the

R ¥

struqturéiéss regions are at the points of greatest adhesion where dense
fibrous connective tissue connects skin to bone. The more structured

low profile rete emerge as the muscular tissue develops and slight
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movement is imparted to the site.

Site 29, Posterior Leg

Functional Anatomy - The posterior aspect of the tibias and Tfibula

forming the lower leg is covered by fleshy thick and powerful misculature,
the gastrocoemiug and soleus, which flex the leg on the thigh and the

foot on the leg.

Epidermal Characteristics — The epidermal thickness of the skin

of the posterior leg is found among the middle third of all sites studied.
The mean thickness is .06 mm with tge range of .03 to .0B mm. The stratum
Malpighii and stratum-corneum are about equally divided. The rete peg
count averages 3 per mm and the mean rete elngth is .03 m. The range of
rete length is from .02 to .08 mm.

Interface Characteristics ~ The sine interface varied considerably

from case to case. Case 1 was essentially structureless, while the
heavily'muscled case 2 demonstrated long finger-like rete pegé and the
other cases were intermediate ip structure. The epidermal interface
presents continuous‘ridges.which, for the most part, run parallel with
several running transversely. Bétween the ridges or folds, small craters
formed by the smaller rete ridges, ocecur regularly. The dermal inter-
face is_dominated by intersecting folds be;ween which numercus small
papillaé can be seen. The posterior leg skin functions in the main as a
covering, Qnd deep structures of the interface a;e not called for. The
flexing of the gastrocnemius may account for the prominent folds.

Site 30, Plantar Heel

Functional Anatomy - The weight bearing tuberosities of the os
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calcis theel bone) are covered by a firmly anehoren raphe formed by the
‘expansion of theunehilles tendon and the planter fascia of the foot. - No
motion is foumd et this site, but the.veight bearing function is un-
mistekable. At one point in unlking,the entlre weight of the body 13

transmitted through the heel bone.

Epidermal‘Characteristics ~ The epidermis of the heel is the

thickest of all sites examined. The mean epidermal thickness is . 63 mm
with the range from .50 to .85 mm The stratum corneum is dec1dedly pre-
dominant and constitutes about 80% of the total epidermal thickness. The
rete peg number‘averages T per mm, and their length ranges from .12 to

.30 mm;' The mean rete length is +23 mm the greatest of all sites studled
The sine i%terface exhibits massive long and broad rete pegs. Cases 3

and L demonstrate pegs which have been bent to parallel the free surface

of the skin. The dermal papillae likevise—nave been deflected and portions
of the dermis appear as islands within the:stiatum Malpighii. The epi—
dermal interface is most interesting a5 it demonstrates the most massive
structuring of all interfaces studied The rete ridges oceur in parallel
folds and the craters usually present fer the reception of dermal papillae
appear to have coalesced into elongate troughs. The dermal papillae are
uaually long and numerous. They occur in parallel fashion with deep
grooves between. The massive etrueturing of the rete pegs and tne dermal
prapillae seem to be in nesponse to the weight bearing function of the heel
and the parallel ordering may provide added mechanical edventage much as

the grooves of a wrench or pliers provide.
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Site 31, Lateral Malleolus

Functional Anatomy - The distil end of the fibula presents a blunt

prominence, the Ealleolus, which forms pa?t of the ankle joint as it forms
an articulaiion with the talus. The skin covering the malleolus has no
mofion and overlies dense fibrous connective tissue making up the ligaments
and capsule of the ankie Jeint.

Eﬁidermal Characteristics -~ the epidermis covering the mrlleoclus

averages .06 mm in thickness and is found among the'middlé third of all
sites studied. Thickness range is .04 to .07 mm. The stratum corneum
predominates the total epidermis slightly. Rete ridge numbers average 5

per mm with & mean length of .03 mm and ranged from .0l to .07 m.

Interface Characteristics - The skin of‘the malleolus has &
stretched character over the rounded prominence. The sine interface
" demonstrates considerable iariation. Cases 1 and 3 have low profiles.
The other cases show distinet broad rete pegs, some of which are slanteqd.
The epidermal interface has a flat structureless region about which are
craters formed by the rete ridges and are wvidely spaced. ' The dermal
interface has numerous small papillae irregularly spaced about relatively
flat regions. It is probable that the epidermis is held by the astretching
of the skin over the rounded prominence of the malleolus. Interface
structures are absent or reduced. Adjacent iegions shﬁv the'developﬁent
of low interface structuring fdf anchoring the epidermis on the dermis.

Site 32, Infra Malleolus

Functional Anatomy - Immediately below the malleclus, flexlon and

extension of the foot on the leg occurs. Joint capsule ang ligamentoua
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tissues form a densge connective tissue raphe and the tendons of the flexor
~ hallucis longus, flexor digitorum longus, and tibialis posterior,

Epidermal Characteristics - Epidermal thickness of the infra

‘malleolar region is found among the upper third of all sites studied.

Mean epidermal thickness iz .09 mm and range is from .04 to .13 mm. The
mean number of rete pegs was 5 per mm and length ranged from 03 to .10 mm
with the mean at -05 mm.

Interface Characteristics ~ The sine interface showed structuring

in all cases. The rete pegs tended to be broad. The epidermal interface‘
showed & much more regular and larger qfatering formed by the rete Malpighii
than was found in the malleolar region &tself. A groove was observed
where flexion occurred and where craters were absent. The dermal inter-
face demonstrated numerous regularly spaced well formed papiliame. 'The
ankle jJoint, being a ginglymus or hinge joint, allows motion of the foot
on the leg in one plane only and the interface structuring is well ordered
except for the fold of flcxion.

Site 33, Mid arch, FPlantar Foot

Functional Anatomy - The mid tarsal Joint is of the arthrodial

. type allowing for gliding mocvement between the navicular and cuneiforms.

- Much weight is transmitted as the foot is plantar flexed in take off during
walking. The underlying flexion musculature is.made up of the flexor
digitorum longus and brevis ang the dense plantar fascia on the medial
aspect of the arch of the foot.

Eplidermal Characteristics -~ Thickness of the epidernds of the

plantar arch of the foot ranges from .07 to .48 mm uith .26 rm the median.
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This tissgue is among the upper third in thickness of all sites studied.

Rete pegs are numerous averaging 8 per mm. Rete length ranges from 07

to .14 mm vith .09 mm the median,

Interface Characteristics — The sine ‘interface shows varied structure.
Rete pegs are sometimes broad, sohetimes pointed and often bent with
reference to the free surface of skin, poséibly because of the combined
weight bearing and flexing activities of the site. The epidermal inter-
" face has numerous vell formed craters formed by rete Malpighii, although
not nearly as large &s those found at the heel or first metatarsal head
The rete ridging seems to orient on several planes following stress lines
that this region is subject to. The dermal Papillae are numerous, well,
formed and seen to orient in parallel, but not in the highly crganized
order of the heel and first metatarsal head regions.

:Bite 34, Plantar First Metatarsal Head:

Functiocnal Anatomy - The head of the first metatarseal with the base

of the proximal hallucai phalanx forms a ginglymus or hinge joint per-
mitting flexion and extension qf the great toe. The hallucal sesamoid
boaes and the tendons of the flexor hallucis longus and brevis cover the
Plantar aspect of the first metatarsal head.

Epidermal Characteristics ~ The epidermal thickness of the head

of the first metatarsal plantarly is second only to that of the heel
Mean thickness is +39 mm ranging from .15 to 1.05 . Rete peg number
' averages 9 per mm with the 9dength ranging from..08 to .14 mﬁ.' Thé'meaﬁ
Tete peg length is .12 mm, |

Interface Characteristics - The sine interface in all cases presents
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deep rete pegs of varied shape, They appear to have coalesced to form
bfﬁad Pegs and are sometimes deflected presumeably by pressure received.
,The epidermal interface is much like that of the‘heel, but on‘g‘much
reduced scale. Broad rete ridges run in parallel with smalier trans-
verse interconnecting bars producing well formed craters for the reception
’
of the dermal papillae. The dermal papillae are large, well formed finger-
like projections placed in parallel rows. It would appear that weight -
bearing surfaces dévelop definite parallel rows along which epidermal
craters and interdigitating dermsal papillae firmly come together. The
"combination of weight bearing and flexion makes for somewhat reduced size

of the interface elements, but the parallel ridging provides structural

mechanlcal advantage in take off during walking.

Site 35, Flexor Fold, Second Toe

Functionsl Anatomy - The interphalangeal joint of the lesser

digits are of the ginglymus or hinge type allowing flexion and extension
| within theldigit. There is a Joint capsule over which the tendons of

the flexor digitorum longus and brevis pass. . Welght is transmitted

through the les;er digits, but not to the degree transmitted through the

first metatarsal.

Epidermal Characteristics — The mean epidermal thickness of the

flexor fold of the toe is .17 mm and ranges from .09 to .22 mm. This
tissue is among the upper third in thickness of all sites studied. The
mean number of rete pegs is 9 pef¥mm. The mean rete lengﬁh is .10 mm”
with the rangé'from .09 fo -12 pm.  As with most thicker tissues, the

stratum corneum tends to predﬁminate the total epidermsl thickness (60%).
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Interface Character15t1cs ~ The sine 1nterface eharacterletically
demonstrates long flnger-llke rete pegs whlch tend to deflect avay from
the free surface of the skin. The epidermal interface maintains a slight
ridging characteristic of other regions of the'planéar foot: " The inter—
phalangeal £old is marked by @ flat structureless band. Moderately
large well formed craters formed by the rete ridges are abundant about the
fold. \\Ehe dermal interface also reveals a deep fold about which are =
numerous vell formed finger-like dermal papillae although they seem to be
less organlzed than other regions of the plantar of the foot. ~ The weight
bearing funct;on of the planter digit demands a well structured interface,
but the emaller size of the toe together with the necessity of flexibility

reduces size and organization of interface elements.

Site 36, Dorsal Aspect, Great Toe

e

Functional Anatomy ~ The interphalangeal joint of the great toe

is of the ginglymus or hinge type. The prihciple motion is flexion, but
a slight degree of dorsi-flexion (hyperextension) is permitted. The
tendons of the: flexor digitorum longus et.brevjs are palpsble Just.dorsal
to the dense fiﬁrous connective tissue constituting the interphalangeal
Joint capsule. ‘ | . | --‘;;

Epidermal Characteristics - The epidermis of the dorsum of the

great toe ranges in thickness from .04 to .11 mm with .09 mm the mean.
It is placed among the upper half in epidermai thickeess of all sites
studied and the stratum corneum is slightly predominant. | The mean number‘
of rete ridges is T and ranges from 3 to 9 per mm. The rete ridges range

in length from .03 to .09 mm with .06 the mean.
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Interface Characteristics - The sine interfaces usually show well
developed rete ridges. Caee 1l has no rete, but the well muscled Case 2
hae unusually deep and variably shaped rete. The epldermal 1nterface is
marked by intersecting grooves without structure. Between the grooves
are ndéerous well formed and regularly spaced craters formed by the rete
ridges. The dermal interface has numerous well formed finger like dermal
lying in parallel.to a structureless fold. The papillae are usually |
orlented upright but clusters are slanted. ‘ Lines of stress where great-
est flexion occurs are structureless but the eajacentlareas require inter-
digitating structures of the epidermal-dermal interface to anchor Skln

with a reasonable degree of firmness.

Site 37, Infra Patellar Fold

Functiohal Anatomy - The conJoined tendons of the quadriceps

femoris musculature becomes superficial after passing over the patella and
inserting into the tibial tubercle as the ligamentum patella. The &ense'
fibrous connective tissue of the knee joint capsule is immediately beneath.
The Joint is of the ginglymus type and allows flexion of the knees. Ex~
tension is limited tqﬁpermitting the leg to assume a straight line
relationship to the thigh at which point the skin becomes folded slightly

) o

upon itgelf. These folds disappear when the knee Joint is full flexed.

Epidermal Characteristics — The epidermal thickness ranges ‘from

.0b £to .15 nm with .08 mm the mean. The tissue is among the upper 1/2

in epidermal thickness of the sites studied and the stratum corneum tends
to be predominant. The number of rete pegs per mm range from 4 to 7 with
5 the mean number. The length of the rete pegs range from .03 to .0Smm,

the mean being .04 mm.
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f

Interface Characteristics - The sine interface demonstrates rete

Pegs in all cases, but with the morphology varying from quite broad in

cagses 1 and 6 to fingeralike in case 2. The epidermal interface is

and extended.

Site 38, Antertor Aspect of the Mig Ankle

- Funetional Anatomy -~ The ankle 301nt is a ginglymus Or hinge

Joint rermitting flexion of the foot on the leg dorsally ana Plantarly in

walking. Because of’ mid tarsal Joints below the ankle, the skin of the

Epidermal Characteristics - Epideruml thlckness of the. anterlor

ankle ranges from .05 to -10 mm with a medjan or 06 mm. The tissue is
among the upper 1/2 of sites studied and the stratum Malpighii constltutes
about 60% of the total. The number of rete Pegs ranges from 5 to T with
6 as the median, The length of the rete Pegs ranged from .03 to .05 m
vith .04 mm being median,

Interface Characteristics — The sine interface is characterized

in &ll cases with obvious rete Pegs which were broad in cases 3, 4 ang 5.
Case 1 was distinct in having well formed vertical rete uhlle the other
cases often exhibited coalesced rete pegs. Parallel and intersecting

folds characterize the epidermal interfacé*with similar folds on the dermal

1
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‘preparations. This structuring is typicel in integument 1nvolved in

/
flexion and extension of parts and is strongly in evidence at the ankle.
The regions between the folds and ridges develop shallow craters formed

by the rete Malpighii for the reception of dermal bapillae. The

)]
1

structures become more.distinct and large ag the middie portions between
the folds are approached. The dermal interface is similarly structured
with parallel and intersecting folds with papillae between.

Site 39, Dorsael Arch

Functional Anatomy - The mid tarsal Joints are of-the arthrodial

type permittlng only gliding motions of the opposing concavo—convex
Joint surfaces. They are enveloped in dense fib;;us connective tissyue
limiting motion. The sité from vhich the skin of this site was excised
‘has the tendinous expansion of the extensor digitorom longus et brevis

bound by the eruciate ligament immediately beneath.

Epidermal Characteristics - The mean epidermal thlckness of this

site is .9 mm and is among the middle 1/3 of all sites studied. Thé
range is from .03 to .13 mm and the stratum corneum Predominates, forming
about 60% of the total thickness. The mean rete ridge number per mm is

5 and ranges from 2 to 9. Rete Peg length varied from .02 to .06 mm with
the median at .0k pm. ' ’ .

Interface Characteristics - The sine interface demonstrates finger-

like rete ridge Projections flattened on the end although the interfaces
of Cases 3 and 6 is rather structureless. The epldermal 1nterface hasg
numerous shallow craters formed by the rete ridges which have an overall

 paralliel orientat@on.- The dermal interface demonstrates numerous well

—
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formed finger-like dermal projections wiﬁh mq{e definite parallel
orientation pointing in several directions, This reglon does not ex-—
hibit pronounced movement and has none of the obviocus foldings that
other regions of the foot have. It does, however, receive partial
eeight bearing and mild motion and requires the adhesion of the epidermis
on the dermis formed by the crowded structuring of the epidermal-dermal

interface.

Site L0, Triceps Brachii, Deltoid Region

Functional Anatomy - The shoulder Joint is an enarthrosis in

which the humercus is capable of rotational movement about an.indefinité
number of axes at the ;lenoid fossa. Beneath the superficial fascia are
found the fleshy bellies of the triceps brachii and deltoid misculature
which come into tension on lifting when the arm is in straight and

flexed position. The muscles are especially prominent as the arm rotates

or is hyperextended above the head.

Epidermal Characteristics — The mean epidermal thickness is .06 mm
rangingl{fffﬁ.oh to .06 mm and is found among the lower third of all sites
studied. The stratum Malpighii is slightly dominant at about S$3% of
total thlckness. The mean qumber of rete ridges is 5 with the range
from O to 11 per mm. The mean length of rete begs is .03 mm with the
range from .02 to .06 mm.

Interface Characteristics - The sine interface has little structure

in Case 3, S and 6. Cases 1, 2 and 4 have a variety of rete ridge shape,
broad finger-like, vertical and slanted The epidermal interface de-

monstrates intersecting low ridging overall. Shallow craters formed by h
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rete ridges for the reception of dermal papillae are found clustered
between areas that 1ack structure. The dg;mal interface demonstrates
nuﬁerous and somewhat clustered dermal papillae between areas of little
structuigﬁ/ Prominent infolding can be observed. The wide range of
motion without deeply wrinkling the skin requlreu light interdigitation
between the epldermal and dermal interface structures with occasional

folds which probably related to hyperextension.

Site 41, Inner Upper Arm

Functionsl Anatomy - The skin of the inner arm tends to be flabby

-functionlng passively in adduction and abduction of the arm. The

brachialis ang coracobrachialis musculature underlies the skin excised.

Epidermal Characteristics - The mean epidermal thickness of the

inner arm skin is -06 mm with the range of .03 to .07 mm. The tissue is

among the lower 1/3 in thlckness of all sites studied and the stratum

Malpighii is slightly predominant as it forms 52% of the total. The
mean occurrence of rete regs was O to L with a mean of 2 per mm. The
length of the rete pegs ranged from .01 to .03 with the mean at .0l mm.

Interrace Characteristics ~ The sine interface of the inner arm

was nearly structureless in all cases except for the well muscled Case 2.
Here, finger-like rete vere present The epidermal interface showed
paraliel ang intersecting‘elongate ridging with a mottled flat background.
Scattered adnexa can be seen. The dermal portion of the interface is’
not unlike the epidermal side with rarallel and intersecting ridges.

The flabby upper inner arm skin which has little movement 1s accompanied

by an absence of inter@igitating epidermal-dermal structure. Apparently
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" the elongate ridges Iie side by side and adhere epidermis to dermis.

—~

Site 42, Outer Elbow

outer elbow under stretch. When the elbow is extended bringingvthe

upper ana lower arm intc straight line relationship,_the elbow is caused
to_ wrinkle. There is almost no underlying musculature excépt for the
small peripheral enconeus. The olecranon process of the ulna is pal-
Dable with only capsular tissue between it angd the skin of the outer elbow

3
Epildéimal Characterlstics - The epidermal thickness of the outer

elbow ranges from 07 to .15 mm in thickness. The mean thickness is .11 m
placing this tisgue among the upper 1/3 of all sites studied. The rete
Peg number ranges from 5 to 10 wlth T the median. Rete peg Nength

varied from .05 to .07 mm with the ‘mean .06 mm.

Interface Characteristics -~ The sine interface is highly structured
in all cases uith broad rete pegs. The epidermal interface is marked “
with numeroﬂa evenly spaced well formed craters formed by the rete. rldges
rfor the reception of dermal papillae. There is some banding of a less
structured nature. - The dermal interface is characterized by numerous
.fingerwlike dermal papillae to 1nterd131tate with the equally well structured
epidermal interface. This much flexed part‘vith little 1nterven1ng soft
tissue requires g well structured epidermal—denmal interface_structuring'
with & noticeable absence of adnexa. ’

Site h3, Wrist

Functional Anatomy The wrist Joint is condylo1d and permits

flexion, extension, adduction abduction and circumduction as the ovoid’

articular aurfaces of the navicular, lunate and triquetrum are received
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into the concavity of the distil radius and ulna. Thick round tendons
of the flexor carpi radialis and palmaris longus bound by the volar. -
carpal ligament underly the skin excised for this study.

Epidermal Characteristics ~ Epidermal thickness ranges from .QT

to .2; mn with .12 mm the mean. ThlS tlssue is among the upper 1/3 in
thickness of all sites studied and the stratum corneum predominates form-
ing about 65% of the total.  The rete pegs range from 6 to 15 per rm

with 8 as the mean. Rete peg length varies from .05 to: .07 with .06

1
mn the mean. : . . '

R ) ' T \
.. . \_ .
Interface Characteristics - The sine interface is varied. Case

2 has shown a much folded characteristic. M1 cases showed deflnlte

- rete pegs usually vertically oriented and broad or flnger-shaped._ The
epidermal interface shows banded rows of crater-like depressions formed
by the rete ridges which are moderately deep nnd well formed. The

k dermal interface is crowded w1th numerous flnger—like projecting
papillae which seem to be directed in the dlrectlon of a central fold.:
This much used part requires a2 well developed epidermal-dermal 1nterface.

The tissue, while flexible at the wrlst, is generally firmly interlocied.

Site UL, Dorsal Hand . N

Functional Anatomy The articulation of the capxtate v1th the

-

third metacarpal is arthrodial permitting only a limited gliding motlon.

The tendons of the extensor indicus proprlus are promlnent as the hand :

‘flexes and extends at this point selected to represent dorsal hand.

- Epidermal Characteristics — The mean epidermal thickness of the

dorsal hand is .08 mm with the range from .0k to .10 mm. = It iB among the

.
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upper 1/3 of all sites studied and the stratum Malpighii and stratum

corueum are about equaliy represented. The rete pegs range from 1 to 8
, N | -

per mm with the mean at 4.  The length of the rete pegs range from .02

to .05 mm with .03 mm the mean. [

Interface Characteristics - The sine inferface is variable.

Cases 2 and b are nearly structureless while the rest demonstrates-a wide
variety of.structure. _ Only Case 6 has the rete in vertical orientatlon.
The epldermal interface generally has very small craters formed by rete
ridges oriented in a fanning parsallel mode. Some of the craters ere

_Quite large and'they seem to relate to the occasional =adnexa. | The‘dermal
intefface is occasionally pitted_for reception cf adnexa. Numetous.finger-.
like dermal papillae of low profile cen be eeen, and they are cften co~
alesced 1nto parallellng rldges. %his region ef the hand has little
:m0t1cn but it 1s subject tc stretching. Apparently the adhesion of

. epidermis to dermls must be reduced, since the dorsal hand wrinkles in

N

hyperextension. The coalescence of epldenmal-denmal interface’ structures

- is aligned along llnes of stress.

Site hS, Volar Hand \ . - o : v

-
Nt

Thnctlonal Anatomy - The volar aspect of the hand at the arti-

,Aculatlon of the capitate with the third metacarpal is covered by the
.strong musculature of the flexor digitorum sublimis and profundu? over-
‘lald with the dense transverse carpal ligament._ . When . the fingers, f the

\ hand are strongly flexed deep grooves appear within the palm of the

hand.' Conversely, the skin can be stretched by hyperexteuding the fingers.

2 .
3 v

Y,
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 Epidermnl Characteristics - The epidermal thickness range is

from .10 to .36 mm with the mean .22 mm. The tissue is in the upper 10%
‘of all sites studied and the stratum corneum predominates with about T0%
of the ‘total. The number of rete pegs range from T to 11 per T with 9
the median. The 1ength of the rete pegs ranges from .06 to .10 mm with

-07 mo the mean.

Interface Characteristics ~ The sine interface demconstrates
massive rete Pegs which in most‘cases are vertically oriented with only slight
ldeflection. The epidermal interface has a wide structureless region where
the fold of the volar hand occcurs. Peripheral to the fold, deep well
formed craters formed by rete ridges are observed and they are for the
most part. oriented in parallel. The dermsl interface_has an equally
stnuctureless region where the fold occurs. l?eriphefal to the fold,
nunerous Finger-like dermal panillae'are found to orient in sevefal
directions. The. powerful flexion and extension of the volar hand re~

quires that deep folds be formed where the underlylng connectlve tlssue
predominates leav1ng the 1nterface structureless. Firm’ anchoring in
sites adjacent to the folds require well formed epidermal-~ dermal inter—
face struct . ' : ‘ Ll

Site L6, Superior Aspect of the Knuckie

" Functional Anatomy - The carpo-metacarpal joint of the dorsal

aspect of the hand (knuckle) is invested in dense fibrous connective
tlssue capsule over whlch the tendons of the extensor digitorum communis
and_extensor indieisg’ ‘Proprius become .prominent. The Joint is ginglymus

or hlnge type permltting flexion of the fingers on the metacarpals with
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extension being limited to realigning the part in-straight line relation-
“ship.

Epidermal Characteristics - The thickness of the epidermis of

the knuckle ranges from .06 to .22 mm with-the median .13 mm. The
thlckness places the tlssue in the upper 1/3 of all sites studied and the
stratum corneum predomlnates (60%).  The rete ridge number ranges ‘from 8
to 10 éer m with 9 the mean. Rete ridge length ranges from .05 to

<13 mm with the mean at .07 mm.

Interface Characteristics - The sine interface is well structured

in all cases. Cases L4 and s sh?w broad flat rete pegs. The other cases
:
show f;nger—like rete prngctions. The epidermal interface shows
‘elongate structurelesgs ridges where the knuckle is flexed. The areas:
between have numerous deep well formed craters formed by the rete rldges.
Occasional sdnexa cen be seen. The dermal interface has numerous well
formed papillae of above average size oriented vertlcally. This region
is required to utretch uhen the joint flexes, but %ﬁ:éxtension it is
caused to wrlnkle- The epidermal-dermal interface is well'structured

and regular. The parallel rldglnga are expressed mildly on the 1nterface ‘

since the underlying connectlve tissue is not tlghtly adherred.

Site L7. Dorsal Interphalangeal Finger

Functional Anatomy The interphalangeal Joints of the f1nger° ,“

are ginglymus or hinge—like permltting flexlon of ‘the flngers. Extenszon
is limited to aligning the fingers in straight line reiatlonshlps when
skin folds are formed dorsally. The dorsal interphalangeal Joint is

covered by a dense fibrous connective tigsye capsule with the tendon of
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the extensor inducus proprius closely adherred. ) ' ..

gpidermal Characteristics - The thickness of the epidermis of

the dorsal 1nterphalangeal Joint of the finger is among the upper 1/3 of

all sites studied. The range of epidermal thickness is .06 to <35 mm

with‘the*median .16 mm, The number of rete pegs ranges from 7 to 11 per
‘ P o

mm with 9 the median. The length of rete pegs ranges from .0k to .12 mm

with .09 mm the mean.

Interface Characteristics - The sine interface has various shaped

rete pegs which are mest oftén finger-like projections, but are occasionally

flat and broad. The free sﬁ}face of skin is folde;, and the eine inter-~
face reflects the folds. The epidermal interfece has well formed
moderately deep craters formed by the rete ridges w1th thin structureless
folds passing ‘scross the interface. The dermal interface has numerous
finger-like papillae'arranged in parallel. The do;ial interphalaﬂgenll
Joint of the finger is called upon to alternately flex and extend with the

-

skln being either stretched or folded. Firm adhesion of epidermis to
dermis is supplied by numerous papillae interdigitating with the rete
ridges. Folds are apparent, but of lesser width than other flexing sites.

Site 48, Vblar Interphalanéeal Finger

Functional Anatomy - The interphalangeal Joints of the fingers
are ginglymus or hinge—like and ;ermit strong flexion with infolding of
the skin on the volar surface. When the fingers are extended into a
straight line relationship, the deep foiding is maintained, but less pPro-
minené._ The Joint capsule of the volar interphalangeal Joints of the

fingers ie dense and closely assocciated with the tendon sheaths of the
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flexors digitorum sublimis and profundus. .

Epidermal Characteristics - The epidermal thickness of the volar

L interphalangeal joint ranges from .08 to :33 mn with .18 mm the mean.
\

‘The tissue is found in the upper 1/34in epidermal thickness of all sites

~

studied and the stratum COrneun predominates forming 65% of the total.\

The number of rete pegs varies from 9 to 12 with 10 the mean. Rete peg

-

length varies from .07 to .16 with .10 the mean.

Interface Characteristics - The sine interface demonstrates

elongate finger-like rete neggw}n‘all cases except in case 1 where the
Degs are broad. The epidermal interface is relatively structureless at
the ueep fold except for numerous ridges running tfansversely. Craters
formed Yy the rete ridges are deep and found peripheral to the fold.
The dermal interface has a structureless region -to complement that of the
3
epidermsl portion. KDermal papillae are numerous, flnger—llke and
elongate between the folds. The groove of the volar surface is much
more dominant than the folds of the dorsal aspect of the finger. The
underlying connective tlssue is tlghtly adherent at the fold but trans—
verse ridges further streangthen the region. Peripheral well fo;med=
epidermal-dermal interface structures surround the'fold for firn
.adhesion at all points as the finger is caused to flex and grasp.

Site 49, Distil Finger

FUnetional Anstomy - The disti]l’ phalanx of the finger receives

the terudnal in*ertions of the tendons of the flexor digitorum profundus
and sublimis. A well-developed fat pad underlies the skin of the distil

finger and characteristica}ly demonstrates whorls forming the "finger p}int".
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Epidermal Characteristics - The tot&l epidermal thickness ranges

from .13 to .58 mn with 31 the median. This tissue is amcng the upper
10% in thickness of all sites studied with the stratum dominating with
TO% of the total. Rete peg numbers from 9 to 11 wlth 10 per mm the mean.
The length of rete pegs varies from .07 to .09 mm with .08 mm the mean.

Interface Characteristics ~ The sine interface is charaeterlzed

by . deep elongate finger like rete pegs which are slanted in several
instances. The epidermal interface refleets the superficial whorls of
the skin in nhat'curving parallel continucus rieges Bre present. . Craters
formed by the rete ridges are numerous and.well formed between the whorls.
The dermal‘interface hés papillae formed in paraliel along the lines of
"the whorls. They are elongate and finger-like. The structure of the
epidermal—interfaee is characterigtic to the individual and ig genetically
determined. The 'ridging in parallel of the structures does, however,
.suggest that the morphology is 1n response for tactile activities of the

finger tip. : g

Case 50, Interdigital Finger

Pictional Anatomy - The appositional thumb has enabled man to

perform{ manuel tasks that only he among ell species.ig able to do. As
the thumb flexed and extended; or abducted and adducted, the skin is
caused to stretch and fold. In order to accompiish theee-mOVements;
reciprocally'concavo-convex opposing Joint surfaces are employed (saddle
Joint). Underlying the flexible skin, the mepacarpal phalangeal joint is
‘found. Fleghy ruscles (adductor pollicus, obliquis end adductor pollicis

transversus) are present to draw the thumb toward the mid line of the hand.
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Epiﬁermal Characteristics — The epidermsl thickness of the skin o7

the web between the thumb and index finger ranges from .11 to .30 mm with

;21 mm the mean. The tissue is among the upper 10% in thickness of all

o

"sites studied and the stratum corneum constitutes T0% of the total: Rete

pegs number 8 to 12 per mm with 8 the mean. Rete peg length ranges from

.-04 to .10 mm with .07 mm the mean. .

Interface Characteristics — The sine interface demonstrates
variously formed rete pegs. Case 6 has elongate finger like rete Pegs,
but the other cases have more broadened .flat rete. = The eﬁidermal inter-
face has numerous structureless continuous folds. They have an
essentiqlly parallel orientation but they tend to fan in response to the
variable stresses placed cn the web skin. A central structureless reglon

at the apex of the web were underlying connective tissue dominates can be

-~
¢

seen. Craters formed by the rete ridges are rounded and deep as a more
peripheral position to the apex is taken. As the craters form closer to
the apex, they tend to become more elongate. The dermal interface-has’
nﬁmefous well formed large papillae oriented in parallel curving gently
about the folds. The web of the thumb hes a varied function which is
reflected by the epidermal—dermal 1nterface morphology. The lines of
st;ess as the part rotates, abducts and adducts, flexes and extends in-

the grasping activity directs the formation of folds with variﬁble

‘epidermrl-dermal structures firmly anchoring the intervening tissues.

Eridermal-dermal Interface of Volar and Dorsal Finger as a Continuous
Skin Plane '
EA N

Epidermal-dermal interface preparations from numerous sites G the”
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human body with a variety of functions have been presented. Concludlng

~

this study, a more narrow anatomlcal examlnatlop is appropriate and was
conceived. The flnger is 1deally suited for thlS purpose since it has

a relatlrely small skin surface, but at the same time, 1t varies consid-
erably in function within thls llmlted sSpace. The wvolar surface as a
whole is adapted for grasping. The more proximal-part of the finger is
involved in gross powerful action, while the distil portion becomes adapted

for fine tactlle diserimination and the firm retension of small objects.

The dorsal part of the finger is actlve in flexion and extension, but is

v

 comparatively passive in working when compared to the volar aspect of the

finger from the standpoint of developing mechanical advantege. This
variety of work is reflected in the epidermal-dermal interface Preparations

which follow.

Finger, Dorsal Aspect, Epidermal Interface - The most proximal

prepartlon (Flg. 1) has seversl hair folllcles. Craters formed by the
rete rldgea for the reception of dermal papillae are small but well formed,
they are also more widely dlspersed than in followlng preparations made
from more distil portions of the finger. As the preparations are vi\\ed |
from proxlmal to dlstll (1nterfaces 2, 3 and k) the craters become more
numerous and have greater depth and diameter. The flexor folds become
narrower as the tip of the finger is approached and movements of the
Joints and the skln overlaying become more discrete and refined

Finger, Dorsal, Dermal interface - Dermal papillae interdigitate

4 . .
with the epidermal interface as finger-like projectioqé. . They becone

progressively larger from proximal to distil.
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Finger, Volar Aspect Epidermal Interface - The volar aspect of

the finger is active in grasping. The proximal interface (Fig. 1) hés

numerous well formed craters for the reception of dermal papillee. They

‘have about the same depth and diameter of those of the most distil portion

of the dorsal finger, As movement and tactile action becomes more

discrete in the progressively distil interface (2, 3 and k) the craters

for reception of dermal papillae increasingly large aﬁd deep. ' The
structureless bars of the rete ridges forming the whorls of the finger
print are inereasingly evident and suggest the intense’ mechan1cal advantage
provided by the Jaws of a plumber's wrench.

Finger, Volar Aspect, Dermal Interface — Dermal papillae inter-

digitate with the epidermal interface as finger-like projections. The
volar surface of the finger is active in flexing and powerful in grasping,
and the function is mirrored by progressively massive papillary structure

from proximal portions where grasping movements are more broad and .the

=3

‘papillae relatively small to the distil portions where great firmmess ig

o

required and the structures are correspondingly larger. Grooves of the -
volar surface are also of a broader order and like those of the dorsal
finger are relatively structureless. At .these points, the subcutaneous
tissues adhere the flexor folds with dense fibrous connective tissue!and

dermal papillae and rete ridges or pegs are not required.

I



DISCUSSION AND CONCLUSIONS

In the present study, seven human cadavers were made available
for dissection in order cﬁat comparisons could be made from 50 sites
from well dxsfflbuted locations. It was the intention to obtain as many
sites from as many bodies usg Possible to demonstrate differences, if any,
in epidermal morphology as skin funciion varied. Six_fUnctional groups
were established: Weight bearing, flexing and extending, coverings, rounded
and flat, special and anchoring types. The first two $ypes were considereqd
active as they were involved in receiving pressure or chement while the
latter four were relatively passive.

Previous studies limited themselves to comp;risons within a single
cadaver. Pinkus (1964) made a compilction of Bevercl studies which com-
pared total skin.thickness, epidermis and/or dermis (all studies did not
use all parameters). The results demonstrated extreme variability, andg
in light of recent electron microscopic studies concerned with human skin,
& narrover range of study was conceived The stratum germinativum
stratum Malpighii and stratum-grgnulosum reveal an crdefly morphologically
identifiable sequence of biochemicgl events as they undergo differentiating
processes involved in keratinization. This was selected as one lecel of
thickness measurements. -The length of rete Malpigﬁii/below the supra-
rapillary plate was a second criterion since rete pegs allow for an
addltio;al source of cells committed to keratinization. The stratum-
corneum as the end product of keratinization constitutes yet another

paraneter for thickness evaluation. It was taken as a unit, but it does

not represent the biochemical andlmorphological wltrastructural order of

193.h
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cells undergoing differentiation leading to the completed cornified layer.
This is éhe first known use of this methodlof measurement and the reasons
for its selection follows as the ultrastructure of epidermis is briefly
outlined.

It would be helpful if future studies comparing components of
epiderma% thicknesses could be made with new born and individuals at
different ages prior to adulthood. Restrictions of snatomical material
made such & study impossihle at this time,.powever. It haes alsc been
auggeatad that additional data could be obtained from a number of closely
positioned points about a given site to demonstrate variability, if any,
within & restricted reé&on.

Ultrastructure of Human Skin

The early approach to skin biology made the assumption that only
the most proximal- basal epidermal cells were viable. According to this
concept, these cells underwvent deterioration, dehydration and cellular
death as they pass peripherally toward the free surface of the skin
(Zelickson, 1967).

During the past two decades, this view has been shown to be in
error ( Matoltsy and aarakkal 1967). Actually, from the stratum
basale to the stratum corneum without, a well ordered ang regular process
of cellular dirferentiation is involved.

. The stratum basals abuts the dermis itself with the basement
membrane intervening, and its major function is cellular d1v1sion (0odland

and Rend, 1967). Houever, these cells are by no means restrlcted to

producing progeny. The basal cell role has been characterized as being "
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éleuripotential (Pinkus and Mehregan, 1969). In incisive wounding,
basal cells may migrate and divide to assist in the closure of defects,
.

or they may modulate jinto a phagocytic cell to deal with wound contami-
nants (Ross,ll969). Genergliy, however, cells of the stratum basale move
toward the frge“surface of the gkin through the stratum.spinosum and
stratum granulosum and ultimately into the stratum corneum. During this
migration, these cells are concerned with protein synﬁhesis in tﬁe process
of.eellular differentiation called keratinization.

' Evidence of protein synthesis first occurs at the level of the
stratum basale where a small aﬁount of rdugh endoplasmic reticulum and
many free ribosomes can‘be observed (Odland, 1970). The fundamental
feature of keratinization is the tonofibril composed of nuﬁerous thread-
like tonofilsments having a diameter of 50 A. They extend from the hemi-
desmosomes along the basement menmbrane border of the basal cell and course
perpendicularly through the basal cell making a sling-like apparatus
about the nucleus with attachment to the plagues of dgsmogomes ( Matoltsy‘
:and Parakkal, 1969). This organization was observed ih normal interphal-
angeal skin and did not seem to differ from that noted by other invesgti-
gators who wdrked on such less keratinized regions as the upper anm, sacrum
and abdomen (Brody, 1960).°

Thé stratum spinosum is composed of ffomrtvo to four cellllayers

in the vast ﬁaJority of sites studied. Since it is the principle component
of the supraﬁapillary stratum Malpighii, ita Qelineation marks the strata

undergoing differentiaticn. Functionally, then, the stratum spinosum

differs from the stratumlgerminativum which is undifferentiated epiderndﬂ_
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,
and the stratum corneum which is- differentinted tissue ( Lﬁtoltsy and
Parakkal, 1969). The stratum spinosum is characterized by the frequent
occurrence of desm&somes giving the typical "prickle cell" appearance.
Ribosomal RNA is much in'evidepce along with larger vesicles and rough
endoplasmic retic;lum. Tﬁe lamellar granules (0Odland body) make their 7
appearance for the first time in the stratum spinosum and are thought
ﬁo contain phospholipids. The organelle migrates toward the pefﬁphery
of the cell as it is displaced toward the free.surface of the skin and
ultimately appears to empty its veh{cle-like contents into the intra-
celular space (Odland, 1960 Frithiof, Lagerlof and Wersall, 1963)

Along with the one or two cell layers of stratum germinativum and
the several cell layers of the stratum granulosum, the stratum spinosum
(stratum Malpighii collectiveiy) is one of the epidermal features
measured throughout this study for alterations. This cellular layer
by its thickness indicates an increased number of cells committed to
differentiation leading ultimately to keratinization. Acanthosis is
marked in the heavily keratinized normal sites such as the hegl or first
metatarsal where it is much increased when compared to the bulk of tissues
studied where the stratum Malpighii is .02 or .03 1m in thickness (Part I,
Tables I through VI).

The stratum granulosum 1is easily delineated from other cell layers
of the stratum Malpigﬁii by the occurrence aof keratohyaline granules which
form upon the tonofibrils. As the masses of keratchyalin coalesce, they
may nearly fill the cytoplasm of this stratum and the nucleus may dis-

integrate (Brody, 1960). This condition is expressed in the extreme

L}
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situation of keratinization. While the relative amount of intracellular
keratohyalin may vary, the thickness of the stratum granulosum is

limited to 2 to L layers of cells and did not provide sufficient.latitude
to establish the.stréta as one of epidermal features subject to compariéon.
Since it is still = paff ;fifhe differentiation process-of keratinization
{the last phase leading to complete cornification) it ié appropriate that
it be included in the stratum Malpighii.

In éharp contrast to the nucleated layer of the stratum Malpighii
i; the stratum corneum which is the end product of the differentiating
process and which is without nuclei. As the cells pass from the stratum
gragﬁiosum to the stratum corneum above, the pPlasma membraneiﬁb{ckens
and anabolic processes related to form#tion of differentjation produ;ts
cease. - Catabolic‘processes Predominate in the stratum corneum and
partial or éomplete,degradation ¢f nuclear remnants, mitochondria,; kera-
tohyaline granules, ribosomes, endoplasmic reticulum and Golgi occurs at
a rapid rate. Dehydration also contributes to the.horny nature-of the
stratum corneum ( Metoltsy and Parakkal, 1967).

The stratum corneum is the most varied of all parameters of the
epidermal elements studied in this thesis. Thin scalp epidermis could
be limited to .01 mm (case 1) while the thick heel occurred as .75 mm
{case 6) in thickness. In the thinner range of thickness of the stratum
corneum, mercury bromophenol blue testing for protein revealed a homogeneous
quﬁlity of the differentiated strata. The stratum granulosum below had

\ .
the capability to complete the keratinization process with essentially

similar proteins constituting the stratum corneunm. However, as the
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thicker ranges of stratum corneum were tested, a heterogeneous reaction

to the stratum suggésﬁéd incomplete biochemical conversion of the'protein
precurébrs of keratinization from the underlying strata (Part II, Fig. 23):
Parakeratosis, then, is concomitant with an increased thickness of stratum
corneum (Pinkus and Mehregan, 1969).

Biochemi¢al variability can be attributed to £ibrillar elements
seen in the gtratum corneum as well (Brody, 1970b). Rumber, t;pe and
orientation of the fibers provide strength and elasticity to the tissue
aad are important to the mechanical integrity of skin which is reflected
in this study. Three types éf fibrils are identified: Type one fibrils
ha;; only a faint keratin pattern; type two is the intermediate expression
and type three demonstrates a definite keratin pattern throughout the whole
fibrfllar substance. Fibrils may also be dénSelylpacked within the
cells of tﬁé‘stratum ébrhegm (type A) or the cytoplasm of the cells of
the s?;atum corneun may have an essentially nonfibrous structufe (Brody,
1970a). Ro predetermined order or arrangement of either fibers or cell
types appears to exist at the ultrastructural level of the stra£um corneum
cellAand it is not likely that they are a factor in influencing the overall
morphology of the epidermal features of interest in this study.

| Fibrous proteins are lacking iﬁ sulfur, while the amorphous
proteins contain abundant Bulfur-(Zelickson, 1967). These cell consti-
tuents are responsible, together with the thickened plasma meﬁbrane, for
the protective function of the stratum corneunm. . The filamentous 6on—
stituents ususlly orient parallel with the free surface of the skin énd

provide cohesion, flexibility and elasticity (Maloltsy and Parakkal, 1967).
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The filamentous network is stabilized by relatively few disulfide bonds
and hence is not responsible for the insoluble character of the layer.
Cell contents are stabilized mainly by’amorphous components moderately

rich in disulfide linkages. The plasma membrane is the component most

3

resistant to keratinolytic agents and is a sulfur rich rhospholipid. The

plasma membrane surrounds and provides integrity to the cellsg bf all

Aépidermal strata, but i3 rarticularly in evidence in the stratum corneum
' )

of heavily cornified skin. o

Statistical Evaluation of Epidermal Variability

The literature on biology of the skih'énd the examination.of

histologic slides in thickly cornified skin, attest to an'essentially
.morphologic and functional similarity at the cellular level. The cells,
however, are grouped ihto a wide variety of expressidns of the epidermal
features. The thickness of stratum borneum and the underlying supra-
pgpillary stratum Malpighii and the length of the rete ridges are
measursble. . .

When skin as & whole is considered; there is close correlation
among the measurements of the respective epidermal features. The length
of rete Malpighii is essentially directly related to the thickness of the
stratum corneum. The heel (site 30) and plantar first metatarsal head
{site 3L4) of the foot have the greatest length of rete pegs and they
also express the greatest thickness-of stratum corneum. Con#ersely,
the scalp (site i) in the wall-heired specimen studied had the fewest
and lowest profilé of rete pegs together with the thinnest stratum corneum.

The stratum corneum (and to a lesser degree, the stratum Malpighii) varies



directly with the thickness of the overall epidgrqig,;fThé"iéhéfh and
number of occurrence of rete pegs together uitﬁ'th; interdigitating

dermal papillae are demonstrated hy epidermal—dermal interface \pre aratlons
in two and three dimension fashions.

The close inter-relationship of the epidermal featurés is evidenced
by the consistency of phe observations that an increase in any cne dimension
produces an increase inlthe others. Aggressive functional demands made
upon the skin particularly in veight bearing or pressure sites and in
flexion or extension of a part would seem to be a principle factor in
exaggeration of any and all of the epidermal features of interest to
this study The increased dimension of the rete ridges prov1des greater
surface area for the epldermls to relate to the dermis. The interdigitation
at the epidermal-dermal interface also mechanically locks the two layers
more securely particularly in veight bearing regions, as the heel and first
metatarsal heads. The epidenmis and dermis interlock by the deflexion
of dermal papillae parallel to the free surface of skin into the rete

~
ridges of the epidermis. . This morphogic alteration appears to be in -
. p 4
!
response to external pressure against the papillae. It is a phenomenon
seen only at skin sites receiving Pressure.

Causal Factors of Morphological Variability in Epidermis

No two sites examined within the same individusl or among the
gseven cadavers were exactly the éame and relative thickness of epidermal -{L
strata or thelr respective epidermal—-dermal interface structure all

exhibited individuality. It is known that human skin is responsive to

factors such asg nutrition, age,‘hormone activity and gene control, but

/
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one seldom mentloned factor is the mechanlcal forces to which skin is
subjected. This study categorlzed skin into six functional groups and
comparisons were made. Characterlstlcally, the weight bearing sites

demonstrated- the greatest range of development of the epidermal features.

‘Skin surfaces 1nv01ve& 1n ﬁlexaon and extension of a body member demon-

2.

.. -_-‘.

strated & lesser, but still- accentuated expression of interface charact-
eristics and epidermal stratlfication. Coverings, both rounded and flat
skin involved in anchorlng and speclal integumentary types had distinct
interface characteristics, yet they seemed to have similar thickness of
- the epidermal strata. How the external mechanical‘cperation of the gkin
.could conceivably direct (in part) its/;;;jﬁmﬂogical characteristics and

modulations follows.

Morphologic Variability of Skin

Morphologic and functional polymorphism cheracteristic of
mammalian epidermis is specific for a given body location (Billingham
and Sivers, 1967) but may be etructurally altered. The epidermis must

1nform the dermis of external conditions. such as weathering, stress,
wear and tear against the part, persistent abrasion, and we might add
weight bearing and flexion { Cohec, ;969). In responding to external
factors, modulations of the epidermis are directed by the dermis.
These 1nvolve overall or relative thickness of the various layers of the
epidermis, epidermﬁ%—dermal interface, presence and condition of the
stratum granulosum and indeed, the histology of the total skin (Cohen,
1969).  This interaction of external stimuli, epidermis and dermis

constitutes a true biological feedback mechanism.

i

]
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Dermal Factors Influencing Skin Morphology

Interactions within the dermis itself may of themselves in-
fluence epidermal morphology Vitamins and hormones have been shown to
have the capacity to shift the developmental pathway of the equipotential
epidermal basal‘ceil diffusing from the dermis (McLoughlin 1963)

‘Aggressive forces acting against the free surface of the skin in such
forms as trauma and physical or chemical irritation produces g derma]
elaboration of histamine vhich can influence the activ1ty of the basal
cells of the stratum germinativum. . An extension of the notion of cellular
elaboration of histamine on the basis of trauma applies to heloma durum,
an extreme response of the hyperkeratinization Process. All epidermal
features hypertrophy in reacting to external bressure which in turn 1n—
vokes a dermal response.

K In a similar way, the function of the skin, particularly as it is
involved in wéight bearing and to a lesser degree in the flexlon of parts,
could influence an eleboration of histamine in the dermis which in turn
could be the mechanism for modulating of epidermal morphology . It is
of interest for this study that histamine values vary in a predlctable
way in different parts of the body Highest levels are found in the sole
"of the foot where this study has shown.the greatest degree of interface
expression and thickest cornification. Lowest levels, on the other hand,

occurred where little motion or support is demanded of the skln such as

on the abdomen (Feldberg, 1956). ’ a o ;Fbe

ar

The structural characteristics of epidermis require dermis for
) . . i

their maintainence'(Briggaman and Wheeler, 1968). Recombinant grafts of
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guinesa pig epidermis of the sole of the foot, the ear or the trunk region

>~

assumed the charactefistics expected to develop over the underlying

.dermis and did not assume the features of the donor site epidermis

(Dodson, 1963) The inductive capacity of the dermis ~varies coqsiderably
in dlfferent regions of the body Induction ig a localized, specific and
chronically actlve dermal functlon which may or may not sct in concert
with external stimili.-- Because @f the intrinsic inductive dermal
canacity, for example, no smount of dermabrasion can obliterate the human
fingerprint. ‘
‘The dermis provides a physical substrate for attachment and
orientation of the epidermal basal cells)as they fbrm the epidermal—dermal
1nterface (Wessels, 1967) The morphological response of the skin de—
pends partly on the mechanical characteristics of the dermal collagen
fiber network (Carr, 1969). If sufficient load is applieq, uni-axial
stress-gstrain relationships approach linearity. In this-instance;
collagen normally lies obliquely and under load ‘becomes angularlyﬂdis—~
placed but elastin content of the dermis remains_unaltered.under stress.
Morphological alterations of collagen are accompanied by biochemical changes.
When stained by the trichrome method collagen which is normally stained
green and oxyphilic becomes acidophilic and ‘red staining when the skin isg
placed under load (Evan and Siesennop, 196T). In this thésis, weight
bearing sites in nommal human skin as well as nyperkeratinized heloma
durum tissue demonstrated concentrations of fibroblasts about the tips of
the dermsl papillae with an increased amount of collagenic fibers in the
ground substance of the dermis nearby. Briggaman and Wheeler (1968) felt

-
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that the increase of collagen reflects a firmer matrix upen which the
increases of epidermal strata might rest since collagen by itself cannot

support epidermal differentiation in tissue culture.

The Diffusable Dermml Factor
- Successive stratification of germinativum,.spinosum, granulosum
and corneum requires the presence of some diffusable dermal factor
according to In vitro tissue studies employing tritiated histamine as a
labeling agent (Briggaman and Wheeler, 1968) and in in"vivo studies with
embryonic chick (Dodsop, 1967). |

Eﬁidermal celis grown in tissue cglture stratify ﬁroperly even if
dermis is freeze dried or powdered and the light microscopic characteristics
of dermis are lost {eXectron microscopic features remain recognizeable).
Supernatante cell free solutions from fibroblast cultures (as yet not
chemically defined) are able to influence reconstruction of an organized
epidermis in tissue cultures in which a suspension of epidermai'cells is
being grown. Chemically diffusable noncellular elaborations of dermis

have been 1mplicated in abnormalities of skin differentiation inciluding

T o~

psoriasis, ichthyosis and epidermal cancers (Karasek, 1969).

, ‘ Tendon, tendon sheath and fascia, all non-dermel cénnective
tissues are competent to produce a diffusable substance which influences ‘
epidermal differentiation similar to the dermal agent., : The substance(s)
withstand temperaturea of 56°C (Briggaman and Wheeler, 1971) This co-
incides with values esteblished for the "dermal influence". ;ﬂ_\ ‘
The dermal influencing factor initiates mitosiz in the basalT;ell

of the stratum germinativum. An ihcrease in cell division Produces
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crowding and thus an increase in epidermal—dermal interface surface area.
A greater depth and/or number of rete ridges is achieved. This effect
has been studiedlas thé sine interface and epidermal-dermal interfacé
in the three dimension photomicrographs. Some of the cells éush tovard

. «
the free surface of skin entering the differentiating activity of the
stratum Malpighii and finally complete ﬁhe'process of keratinization in
the stratum corneum, both'stratd forming two measurable epi@ermal features
reflectiné the efficienéy of éﬁ&dermal_proliferation and differentiation
initiated by basal cell response to dermal influences which in turn are

directed by external mechanical forces.

The Cell Cycle Concept

Reproductive or cell cycle time is defined as that reriod between
the completion of mitosis in a cell and the completion of mitosis in a
daughter cell (Malkinson, 1972). Epidermal skin growth is accretionary

since only a limited population of cells is mitotically dividing, while

the rest lose this sbility and enter upon another pathway of differentiation -

AR

(Balinsky, 1970). In skin, the cell cycle is limited to the stratum

s

germinativum and almost entirely to the basal layer. The G-1 phase

is crucial to the control of cell reproduction since it is during this

“period that the course of differentiation is detenmiﬁed, - Commitment

to mitosis has been made once the cell enters the S phase. During G-1,
preparation for DNA synthesis ta#es place. Enzymes needed to produce
the immediste DNA precursors (deoxynucleoéide friphoéphatea and DNA
polymerases)are synthesized. RNA and protein syntheéis are required

for cells to progress through the G-1 phase, If tissue is not involved
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with cellular renewal, the differentiated cell .is permanently arrested in

a prolonged G-1 state '(Malkinson, 1972): Prior to DNA synthesis an initiator
protein, uhicﬁ is itself under the‘control of a messenger RNA, must b;;pro—
duced. The messenger RRA is repressed by =a comple; between repressor
profein and a co-repressor which is highly speciéic‘to any given cell line

(Prescott, 1968). The repressor protein is intracellular, but the

~ .

co-repressor equilibrates with the extracellular migro-environment.

Cell reproducfion and DNA synthesis may be increased if either
factor is altered. Cell daﬁﬁge or loss after injury would quickly alter
the labile co-repressor substance in the extraceliﬁlar environme?t.
Increased cellular demand could effectively reduce the intracellular
concentration of co-repressor favoring cell reproduction and DNA synthesis.
-In the uéight bearing sites, which have an increased expression of rete
ridges with a parallel increése of epidermal-dermal interface surface
along with ascanthosis of the stratum spinoéum and increaéed thickness
of stratum corneum, such a meehanism could be postulated for increased
- cell turnover (Cohen, 1969).
| As cells proliferate toward the free surface of the skin from
the basal layer of the stratum gerudnativum; they enter & course of
differentiation. Other basal cells remain in situ for replicétion.
Migration of siﬁgle cells to more superficial layers seems to occur in
a random fashion, and time-wise, is independent of mitosis from which
the migrating cell originated {(Malkinson, 1972).

Regional vuriatioﬁs in epidermal thickness which are of importance

¢

to this study are accounted for by variability peculiar to differentistion
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rates rather than in proliferative activity of the germinal_layers
(Christophers and Petzgold, 1969).

In epidermal tissue the period of DNA synthesis (S) tekes from
6 to 8 hours. . The period Separating the end of chromosomal replication
from the onset of cellular division (G—2j extends from two to three hours.
Actual mitosis (M) is limited to 30 to 60 minutes in basal cells of the
stratum germinativum. RNA synthesis ceases (Taylor, 1960) and protein
synthesis is maximal (Baserga, 1962). .This short M reriod characteristic .
of the basal cell and the éomparatively slow rate of éell turnover’ accounts

for the very few mitotic figures which oceur in the skin slides studied.

Factors Influencing Cell Cycling in Epidermis

- The variable epidermal features central in this thesis owe their
wide range of variation to feedback mechaﬁisms invelving the internaf*
and externsal environment of the skin. Internal mitogenic substances
which could alter basal cell proliferstion and hence epidermal structurg
have been postulated and include intrinsic factors which result in in-
creased cell production of fibroblast; parenchyma and connective tissue
(Knospe et al., 1970). Humoral levels, hormonal levels, body temperature
differentials and the general state of nutrition should also be considered
(Bucher, 1963). Actively moving parts of the body and weight bearing
activity would doubtless increase local tissue temperature and ox&gen
gradient resulting in altered proliferation of cells, and ultimately -

affect horphology.
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Epidermal Cell Transit Time

[

The average transit time of epidermal cells frAm the basal

layer to the site of desquamation in the uppermost stratum corneuﬁ varies
from 20 to 50 days, with 26 days average as demonstrated‘Byhyritiated
thymidine autoradiography in human epidermis (LeBlond andd;;lleﬁ, 1956,
Weinstein and Van Scott, 1965). Passage of cells to the stratum
granulosum requires 12 to 14 days with passage through the stratum
.corneum requiring an additiona1:l2 to 1k days.z Personal observations
of this author indicate that tissues which consérvé the siratum corneum
such as the weight bearing sites at the heel and first metatarsal head

do not desquamate cells from the free surface of skin as-readily as other
sites since an increase in thickness of the éell boundaries is common
providing adhesion along with mechanical éompression and dehydration.
This conservation would be reflected in the marked increases in thick-
ness of this grata observed in this study.

Overt trauma and more subtle inflammatory changes increase
mitotic and labeling indices with a decrease in cell transit time
(Weinstein and Van Scott, 1§65). This concept can be extended to the
minimal traumatic situations of weight-bearing and flexion-extension
of the epidermis and additional support to the argument that function
may affect the-morphology of the epidc;mis is'provided.

Psoriasis in fts inflammatory phase increases the bésal cell
population to three rather than the usual one layer of mitotically
active cells in the stratum basale. Cells are produced 8 or 9 times

faster than usual and cell cycle time is reduced (Weinstein and Van
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Scott, 1965). This alteration is evident in a large group of other
inflemmatory skin diseases (Frost, 1966). ,/;)
Since injuries of diverse types (wounding, adhesive cellopﬂﬁne
tape stripping) are followed by inflammatory changes (a dermal event)
with a parallel increase in the rate of celi division, it has b;en assﬁmed
that epidermal mitosis in this instance is secondary to inflammation
(Malkinson, 1972). Whether the inflammation is marked as in disease
states or minimal in situations in uhich,ﬁdditional &emands are placed
cn the epidermis by weight bearing or flexion is only a matter of degree.
Increased vascularization provides additional explanation for the hyper-
trophies of the epidermal feature measured in weight bgariug and flexing
skin surfaces as oﬁﬁosed to tﬁe pPassive covering, anchoring and special

categories chosen 'in this stugy.

Epidermal Controls on Proliferation

External environmental factors influence epidermal morphology ©
through initiating one or severai;aermal events. ' Recent studies have
‘shown, moreover, that the epidermis itself is also involved in its own
morphological destiny (Cohep, 1969). Factors within the stratum
Maipighii regulate the proximo-distal arrangement of the ﬁpper layers
of the epidermis. v

Mitotic activity (hence, accrefionary growth and ﬁorphological -
diversity so central to the measurement comparisons made in this study)
is inhibited by three adiffusable substances first extracted from the

epidermis of mouse ear. The term, epidermal chalone, was colned to

designate these substance in the initial investigations (Bullough, Hewett
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and Lawrence, 1964). Each body tissue may'produce its own particular
chalone inhibiting mitotic activity by feed-back inhibition as in the
case of the epidermal tissues. The epidermal chalone funcfions only
when complexed with epinephrine as a co~factor and in certain instances
it interacts with glucocorticoids (Bullough, Hewett and Lavrence, 1964},
Chemicélly, the epidermal chalone is a protein (molecular
“weight 35,000) and while it is tissue speiific, it is rot species 5pecific
(Voorhees and Marris, 1971). Psoriasis is characterized by twelve fold
. acceleration in the rate of epidermal basal cell division. It is an
inflammstory polygenically and environmentally controlled skin condition
which responds favorably to the administration of glucocorticoids.‘ Since
mitotic acceleration can be inhibited by beta adrenergic stimilation,
Voorhees and Duell (1971) have concluded that the epinephrine dependent
chalone mechanism described by Bullough et al. (196k) is identical to
& cascade of events in which epidermal basal cells can be inhibited by
increasing intra-epidermal adenosine 3" 5' monophosphate. An iﬁcrease
in cyclic AMP is accompanied by an increase in phosphofylase activity
and a breakdown of glycogen. In psoriasis, with its much increased
mitotic index, there is low phosphorylase activity and a build up of
glycogen. Consequently, the increase of epidermal-basal cell division
noted in psoriasis and by implication, other situations characterlzed
.by a proliferation of basal cells,could well be due to defective adenyl
cyclase-cyclic AMP dependent protein kinase sctivity. When mitotic
activity of the epidermal basal cell becomes wild and irregular a; in

melanomas and squamous cell carcinomas (skin cancers) some control can
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be re-established by use of extracts of epidermal chalone (Caron, 1969).

Stratum corneum, the differentiated product of keratinization,
’and the suprapapillary stratum Malpighii which is the differentiating
nucleated cell mass involved in precursor synthesis leading to cornification
are the pr1n01ple epldermal fertures involved in this study Differences
as they relate epidermal morphology and thickness to epidermal function
in the mechanics of interacting of skin have been documented. The
conclusion that epidermal morphology is variable with reépect to its
mechanical function has been drawn. It can be hypothesized on the basis
of the observations presented in this thesis and what is presently known
concerning skin biology that morphological.fé;iabillty results from
interaction of skin in a series of feedback events which involve external
mechanical stimulation, mitogenic diffusable substances arising from
within the dermis to activate mitotis in the stratum basale anqnthe
counterbalancing epidermal chalone. The interacfion produces v%riable
responses in cell cycling which in tu?n influeﬁces the characteristics
of the interfacé between dermis and epidermis by increasing or decreasing
the number of basal cells or by committing.them into proliferative
activity which would be reflected in changes of thickness of the epidermal
features, stratum corneum and/or stratum Maslpighii.

The Epidermal-dermal Interface

The interface of the two epidermal features may be regarded as
a reflection of the biological activity of skin, namely, keratinization.
The 1light microscope demonstrates the interface as a sine wave-like

structure in two dimensions. On this basis, the epidermal-dermal
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interface has been interpreted as a series of elongated troughs and
ridges which fit into one another since the structures may be seen
foccurring on many succeeding sections (Ham, 1969). Pinkus (1971) points
out, however, that the two dimensional treatment of skin is often misf_. N
leading, as can be.recognIZed when epidermis and dermis ;re macerated
and studied in three dimensions. The dermal papillae in £hese pPreparations °
are séén as cones fitting snugly into reciprocating depressions between -
the epidermal (rete) ridges. The apparent conflicts in these points éf
view have been resolved in this’study. |
The more or 1ea§ regularly occurring wgll formed dermal papillae
of high profile interdigitating with rete ridges weré besgt démnnstrated

/hx\?ard vorking hairless skin. The plantar surface of the heel {site 30),

Y

plantar aspect of the first metatarsal head of the foot (site 34}, plantar
aspect of the arch of the foot (site 33), and the region of the Achilles
tendon (site 21) provided the best support for the éinkus view.

Well formed but lower profiled epidermil-dermal interfaces
included regions of the chest (sites T and 8), the back (sites 12 and 13)
and the dorsal arch of the foot (site 39).

Occasionally, the interface of epidemis and dermis proved to be
essentially flat vith - ridges Predominating on both the epidermi; and
dermis which presumably lie gide by side, but which, in section appear-
very much like cone shaped papillae or rete ridges. Such regions
included the anterior and posterior neck (sites 3 and 6), gluteal fold
(site 16), elbow (site 20), popliteal space (site 23), inner arm (site 41),

and the infra patella skin (site 37). All.of these sites were involved
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in tﬁe activity of flexion of a body part;

The penis (site 17) representing the only hairless contractile
skin type demonstrated a unique ridge structure which presumably permitted
alteration in size and shape of the organ. |

Intermediate between the cone and ridge types of interface was a
iarge group of mixed tissues which were partly flat, occasionally ridééd
with patchy occurrences of papillae on the dermal interface. Among this
group were the axilla of the arm (site 9), groin (site 11), posterior
thigh (site 22), and malleolar skin (site 31).

Again, the weight-bearing sites demonétrated an epidermal-dermal
interface adepted to their function. Other interface reglons were less
well defined, often due to an 6verlap of function.

The strip examination of the finger provideé suitable comparisons
of Fhe alteration of structures within a relatively small surface area
with respect to function. Wherever dZep folds of the articular skin
occurred, an especially tight relationship of skin to the under}ying
Joint was required. In these instances, the underlying dense fibrous
connective tissue became dominant and the epidermal-dermal interface
structures were entirél;)lost. Between these structureless folds,
however, were numercus well formed rete ridges on the epidermal interface-
and equally well formed cpne shaped papillae on the dermal portion.
Characteriétically, th;-structures become larger in a proximo-distal
manner as the work reflected by the finger becomes more discriminating.

When hair folliclés ‘are more numerocus, all of the measureable

epidermal features considered in this study become reduced. Stratum
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corneum and the stratum Malpighii are reduced and rete ridges are few
(if any) and ére very short when they do occur. It is interesting to
note that in becoming bald, where a permanent loss ;f hair follicles
ocecurs, numeroué dermal papillae and rete ridges replace the loss (Pinkus, -
1973, personal communication). This suggests that the hair follicle is
strongly dominant in the induction processes within the epidermis and
dermis.  The wall of the hair follicle is of epidermal origin and
relates positionally to the adjacent dermis. The dermis, at the lo;er
third of the buld is thought to @iffuse out a substance preventing the
formation of additional dermal papillae destined to become involved in
the formatiorn of other hair follicles (Cohen;, 1969). The mesenchyme
céhtrolling matrix cell ‘division diffuses out a controlling "dermal
factor” identified as a mucopolysaccharide on the basis of histochemical
staining tests (Cohen, 1969). 1If the distal third of the whisker bulb
ié removed, & new dermal papillae precursor to the formation of a new
whisker bulb forms. An increase of derﬁai vascularization is noted

at anagen of the hair follicle, and is at least in part'a response to
the physical factor of the loss of the whisker bulb. These events
pafallel the dermal activities involved in the induction of epidermis

(Cohen, 1969).



PART IT

:  THE EXAMINATION OF EPIDERMIS IN

. NORMAL AND HYPERKERATINIZING SKIN

USING NORMAL INTERPHALANGEAL SKIN
AND INTERPHALANGEAL SKIN FORMING
HELOMA DURUM (HUMAN CORN OR CLAVUS)
N

TS
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OBJECTIVES 7

The human corn (heloma durum) provides_anrexeeriment in nature
for comparison of thiﬁ skin such as that normally found at the inter-
phelangeal Joint of the toes and a highly keretinized atypical occurrence
at the same gite responding to altered function: That of being subjected
to an increase in Fressure, The gross hypertrophy of the epidermis
and its component Parts makes this extreme expression of hyperkeratinization
ideal for observations of hiatochemicel and ultrastructural changes.

Comparisons on the basis of morphology and the relative thickness shifts

incident to hyperkeratinization can also be made.

REVIEW OF THE LITERATURE

The literature on heloma durum is limited. A historical review
indicates that the lesion has pPlagued humanity from antiquity (Feigenbaum
and Schreiber, 1964). | -

The lesion is a circumseribed cup~shapeqd thickening of the
epldermis with a central‘cofe of parakeratotic stratum corneun with‘a
reduced granular layer (Pinkus and Mehregan, 1969).  Occasionally, there
exists a pressure atrophy of the-epidermis, although sweat ducts are
' .preserved and may be qpserved winding about the central core of the
clavus. -Bonavilla (1968) observed that the projections of the dermwal

pillae are less conspicuous at the central portion of the lesion than
about the periphery. Pinkus and Mehregan (1969) noted the flattening
of rete ridges at the center of the lesion.

- Byperplasia of bone is the immediate underlying cause for the

.216.
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formation of the hyperkefatotic chaﬂges, if there is an external inter;
mittant pressure (s from foot wéar) against the enlarged bone (Freed,
1969). The thlckened epidermls found in human heloma durum will
modulate to the normel state if either causal factor (bome or external

pressure) is permanently removed.

_MATERTALS AND METHODS

Spe cimeﬁ Preparation /

r
.

, Ten patients were prepared f;r surgery"dti1izing a fifteen
minute pre—sﬁrgical scrub using hexachlorophene soap and several
applications of acetone. Local anesthesia was induced by fegional
digﬁtal bléck using xylocaine without epinéphrine. The ultrastructure‘
of skin specimen exclsed wlth local infiltration of anesthetic agents
does not differ from those taken from patients under general narcosis
(Brody, 1960 ). |

Patients selected vere caucasiam females in the fourth and
fifth decades and in good state of nutrition.

For stidies involving the heloma durum itself, conjoined and
elliptical incisigns of 1.5 x .8 em diménsions were made from the loﬁgi-
tudiﬁal‘aiis,of the digit.  The iissues thus isolated were sharply and
quickly dissécted in toto and the lesions hemisected.

'Histoloéy and Maégration Technique

The yissues were fixed in Bouin s and Zenker 8 fixatives for

morphologic or. hlstochemical,study, but tissues destined for epidermal-
3
dermal interface study were placed in aqueous 1 N sodium bromlide solution
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and processed as reported eariiér (Part 1).. - -

Heloma durum was excised from 10 patients. The specimen were
identified by consecutive numbers. Normai iﬁterphalangeal skin (control
tissue) was obia{ned from 8 patients with heloma durum on the lateral
agspect of the digit but noncornified tissue available Just dorsal and
iateral to the lesion by meking a narrow arc of conjoined and elliptical
incisions on the longitudional axis of the toe‘measuring 1.5 x .h cm.
Excigion pf'either h?lomatous or ﬁormal dorsal tissue was possible without
adversely affecting the outcome of the surgery as long as the offendiné
bone was eliminated thus prov;ding control and‘hyperkeratotic tissue for
© gtudy. Control tissues were identified consecutively by~numbef in “Nﬁ
series (for normal).

~Stalning: Hematoxylin and Eogin - Standard methods of staining

were used for comparison of control and helome durum interphalangeal
skin (Pearse, 1961).

Heidenhain Iron Hematoxylin - Nuclear chromatin was demonstrated

in control and hyperkeratotic tissue (heloma durum) by this procedure

(Armed Forces Institute of Pathoiogy, 1960} .
\\ .

Histochemical Analysis of Control and Hyperkeratotic Skin

Mucopolysaccharides - Periodic Aciﬁ - Schiff teéhnique was
- employed for demonstration of mucopolysacchgridea which stain purplish—red
(Pearse, 1961).
Protein - The mercury-bromphenol blue method (Pearse, 1961)
was used to demonstrate proteinaceous material

Collagen - Mallory phosphotungstic acid procedure (Armed Forces
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Institute of,Pathology,-1960) was used for the demonstration of collagen
and elastic fibers in the dermis.
DNA and RRA - Toluidine Blue O technique (Pearéé, 1961) was
 employed to demonstrate DNA and RNA within cells.
. DNA - Fuelgen reaction (Pearse, 1961) was used as a specific stain
for DRA. |

Measurement Technigues

Measurements of thickngss of s£ratum corneum, stratum Malpigﬁii
and total epidermis as well as rete peg lenéth vere measured as described
in Part I.

Cell circumferences.vere.dglineated with ink or photomicerographs
and measured with a Plenimeter, an engineering device moved over a small
vheel which in turn ié attached to a scale indicating distancé travellegd
(Wetzlar, Germany). The device was calibrated against an enlarged
photomicrograph of a stage micrometer. Only well formed cells of the
stratum germinativum were selected for analysis: The mitotically
active layer is cube shaped, but as the cells proliferate toward the
free surface of gkin, they inérqase in size and flatten out making their
measurement less reliable (Pinkus, 1971).

These findings were subject to statigtical analysis including
determination of mean, standard deviation, variﬁnce and "t" testing
for significant differences.

Electron Micras®dpy I

The ultrastructure of hyperkeratinizing skin of heloma durum ﬁaé
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studied in a lesion excised_ié_igEg_ftb@:a male patient in the third
decade of life and in good nutritional state.

This lesion was minced into 1 mm squares in cooled Dalton's
fixative. Subsequently, a smail refined dermatologic pﬁnch biopsy tool
was developed at the University of Windsor Central Research Shop. The
-punch wvas rpade of hollow stainless steel tubing with an inside diameter of
0.4 cm which gives a tissue mass optimal for subsequent fixation}and
infiltration procedures. The biopsy tool was attached to a high speed
band drill (Mototool, Chicago) and a core of skin taken at right angles
to the free surface of skin and iﬁmediatel& extruded from.the punch
tool by means of a metal plunger passed into the central hollow of
the biopsy instrument.

Tissues were fixed in Dalton's fixative, dehydrated and embedded
in an epon-araldite mixture (Kay, 1565).

The blocks were trimmed and then sectioned using glass knives
prepared with an LKB Knife Maker Type T80l A and a Reichert automatic
ultramicrotome Model Qmu2. ‘

‘Sections vwere stained with uranyl acetate and lead citrate (Kay,
1965), and examined in the RCA EMU - 3H electron microscope.

Epidermal-dermal Interface

The interfaces of normal control interphalangeal skin and that
~of the hyperkeratinized heloms durum tiasué vere examined and compared

following the methods outlined ‘in Part I.



RESULTS
Morphology

The hyperkeratinized lesion, he;oma durum, varies considerab}y
in size and shape. Figs. 19 and 20 demonstrate varisbility both within
the lesion (peripheral proximal portion and the thickest mid part) and
the entire sample. It appeafs that.mofphological differendes between
heloma durum from the .numerous patients studied are as varied as the
morphological differences noted bet;een the different anatemical sites
examined in Part I of this thesis. Thé line drawings demonstrate
greatly thickened stratum corneum. The strafum Malpighii® developes
rete peés ;ngled in all directions. Dermal papillae invade the stratum
Malpighii‘énd are often deflected by pressure forming the islands which
have been included in the drawings.

Fig. 21 shows normal interphalangeal skin with regular,inﬁer-
face characteristics and the usual 3 or b layers of spinous cells.
ﬁotice that the enlargement is x 250 allbuing cytologicel evaluation of
the strﬁta\ Fig. 22 demongtrates the heloma durum with broad. coalesced
rete pegs and the presence of dermal islands within the stratum Malpighii.
The stratum corneum is greatly thickened. Indeed, all epidermal features
are hypertrophied to tLe extent that the photomicroéraph must be reduced
to x 80 enlargement in orde¥ to demonstrate’ all epidermal features.
ConseQuentl&, the three fold difference sﬁould be taken into account
when comparing the normal and hyperkeratinized interphalangeal skin.

Measurement of Epidermal Features

Thickness measurements of normal interphalangeal skin and 10 cases
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Figure 21, WNornal intorphalangeal skin oith

roducod stratun cornaun, littlo or no parakoratosig,
tuch roducad rote ridging, the usual 4 or 5 layors of
stratum spinosum and 1 or 2 layera of stratun

granulosun, " Hend £ X 250

r
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Figure22 ., Central cross section of ths loesion,

heloma durum showing hypertrophy of stratun cornoun

'acanthosis of stratum mélpighii, incroased donsity

of stratum granulasum and élongation with flattoning
of rete malpighii and dermal islands. Hend E X 80
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of helofia durum are found in Appendix C and D. The results are
statistically summarized in table X. In heloma durum, the total epi-
dermal thickness is increased 15 fold-with respect to values observed
for normal control interphalangéal skin.  The stratum Malpighii in-
creases by T fold. Despite the acanthosis of the stratum Malpighii,
the stratum corneum predominates in forming 83% of the totai epidermis,
The length of the rete pegsligcreases by 3 fold in heloma durim. The
number of rete pegs decreases because of the coalescence of the

structures.

Histochemical Studies on Normal Interphalangesl Skin and Hyperkeratinized
Epidermis of Heloma Durum

~

For the most part, oqu subtle changes could be observed in
histochemical tests fo; comparison of the control and hyperkeratinized
skin. Cell replicatiéh and biosynthetic activity were tested for by
toluidine blue-O (DNA and RNA) and Fuelgen (DFA) methods.. In control
interphalangeal epidermis, biosynthetic and cell replicative activity
was uniformly indicated along the basal cell layer of the stratum
germinativum. In hyperkeratinized heloms durum replicative snd bio-
synthetic qctivity was egpecielly marked st the eiidermal‘hunture with
the crown of the dermal papillae. The ecrowding of these basal cells of
the stratum germinativum résulting from inereased replicative activity was
in association with large numbérs of fibroblasts in the dermis jJust below.
The Heidenhain iron hematoxylin stain for nuclear chromatin aemonétrated
that the long axis of the fibroblasts tended to orient at right angles

to the free surface of skin in the heavily keratinized tissue of heloma

/,/’
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durum, and that cells of the stratum basale crowded upvardlfrcm the crowun
region of the dermal papillﬁe. Howéver, the nuclei were pyknotic and
did not étain for DNA above the stratum germinativum.

Collagen (demonstrated by Mallory's Phosphotungstic acid stain)
is markedly increased and the fibers often are degraded as indicated by
the increase ;f yellow staining material in the dermis of heloma durum.

PAS positive substances were demonstrated in increased amounts
in heloma durum along the basement membrane and in the cell boundaries
of the stratum corneum.

Proteinaceous compounds are homogeneous 1n the stratum corneum
of control tissue, but in heloma durum, a wide varlatlon ‘of-.colorations
indiceating differing end products of protein synthesis during hyperkeratin-
ization were observed (Fig. 23).

Parakeratosis is noted in hypdrkeratotic skin (Pinkus and
Mehrégan, 1969} and it involved not only protéin content of the stratum
corneum, but' the rapid proliferation of cells upward from the lower 1ayers
of epidermis in such a way that pyknotic nmuclei may be observed. Figs.
24 and 25 show this streaming phenomenon at epidermal levels close to the
stratun granulosum and proliferating outward tovard the free surface of
thé skin almost to the point of desquamation of the stratum corneum.

Epidermal.dermal Interface in Heloma Durum and Control Interphmlangeal Skin

The dermal portion of the epidermal-dermal interface from normal
interphalangesl skin demonstrates papillae which are regularly spaced and
more or less equal in height (Fig. 26). Similarly, the epidermal portion

\\\zfjfs rete ridges intercomnected in an orderly fashion to receive the
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Figure 24 . Stratum granulosum in the lesion,
heloma durum showing, increased keratghyaline
granules with cells from the granular layor
orupting into the straﬁum corneum with pyknotic

nucled being diaplaced poripharally. H and E X 250

s
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Figure 25.. The stratum corneun in the lesion,

heloma durum, and example of oxtreme hyperker-
atinfzation shouing ﬁumaraua,pyknotic nucfoi

being displaced peripherally uithin“thc hornoy

llayar, - Hand E X 250

231
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regularly placed dermal rapillae.

Dermal papiilae of heloma durum show considerable hypeptrophy, and
often severai Seem to cpalesce ieaving foot-like projections distally.
Papillag oriept.in several directions, as opposed to’smaller and more
regularly structured papillae in control tissué. The epi&ermal part
complementary to the dermal portion ipdicates a wﬁdening of the rete
ridges receiving the much hypertrophied and variably shaped dermal
papillae. ‘A bizarre disorientation of the epidenmal ridges is apparent.

. Electren Microgcopy

Electron miprOSraphs of heloma durum tissue demonstrated actively
synthesizing fibroblasts with densely packed collagen in the adjacent
ground substance. Stratum basale, stratum spinosum and stratum
granulosum cells showed qualipgtive sim}larity to cells from control’
tissue. Quantitative analysis of wltrastructural s%milarity or dis-
similarity mist awa%t more thorough study.

Cell Circumference Measurements of Control and Heloma Durum Intér-
phalangenl Skin -

Striking altefétions in morphology of the stratum Malpighii and
its rete ridging as well as marked increase in thickness and mess of the
‘.stratum corneum have been noted in heloms durum when compared with
control 1nterphalangeal skin (Appendix C and D).

However, noticeable changes at theJcellular level were not readily
detected when histochemical and electron mieroscopic studies were made.

Measurements of cell circumference in control and heloma durum inter-

phalangeal skin from the mitotically active stratum basale did not differ
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sig;nificuntly from one another, nor did measurements of the relative
helight of the cells. It may be inferred, then, that striking
&ltemtions ir morphology and thickness of epidermal strata is accompllshed
vithout altering cellular dimensions and wi thout crucial biochemical
changes.

Cell measurements a.nd their statistical evaluations a.z'-e summarized

in Table XII.
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Stratum Basalae Cell Height

R | x* 52 5 N
Normal Control
Interphalangsal .
Epidermis «074mm -5,52 2,35 4
Heloma Durum ‘ |
Interphalangeal .
Epidermis - «015mm 4,04 2,01 27

Stratum Basale Call Circumference

Normal Control.

Intarphalangeal

Epidarmis . 035 . 000025 « 00499 7

Heloma Durum ' '

Interphalangeal :

Epidermis « 036 .000078 « 00846 24
. ) \ |

*Significant variation between control interphalangeal
epidermis and that of heloma durum was determined by “t~

testing of fhe data. No significant difference between

pa

the two variables was Found:

Stratum Basale {ell Haight "= - +649, p a2 < .5 (not
significant)

AN

Stratum Basale Cell CircumPerence'

"t" = ,2778, P= < .9 (not
i ' significant)

Normal Lontrol Interphalangeal Epidarmis and Heloma Durum
Compared for Cell Height and Circumferance

Table XII



DISCUSSION AND CONCLUSIONRS

Alterati;hs in Thickness of Epidefmal Strata in Heloma Durum

The range of total epidermal thickness of interphalangeal skin
of the digits of living subjects (a total of eight cases vere ana.lysedj
ranged from .09 to .20 pm vith a mean thickness for all specimens
examined of .13 mm. The stratum corneum ranged in thickness from .ok
to .15 mm & mean of ;08 mm. The length of rete ridges ranged from .Qk
to .08 mm’agﬁjﬁ mean of .06 m,

For heloma durum (a total of ten cases were examlned) total
epidermal thickness rapged from 1.12 to 2. 85 mm with the mean of 1.83 mm.
The stratum corneum ranged from .88 mm to. 2.h0 m with the mean of 1.51.
The length of rete ridges varies from .14 to <27 mm 8nd & mean .21 mm.

Ir ﬁormal 3ﬁin sites as revealed in the present study are taken
into account, total epidermal thickness may be as thin as .02 mm
(site 17, the penile shaft, case 1) and as thick as -85 mm (site 30, the
plantar heel, case 6) and the rete ridge length demonstrates a mnxiﬁum
length of .30 mm in the plantar heel (site 30).

Due to the extreme alteration of‘total'epidermal thickness,
.principally due to thickéning of the stratum.cofneum vith a parallel
lengthening of refe ridges, it may be said that heloma durum prov1des a
unique natural situation demonstrating modulation of the epidermal
features. Essentially similar dermal inductive competence exists at

the interphalangeal Joint when unaltered by heloma durum. Hhen.

236,
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the total epidermal thickmess whereas in the control supraﬁapilla:y
stratum Malpighii and stratum corneum are about equally divided. The
length of rete ridges increases over three fold from averages of .06 mm
to an .21 mm equalling the mean for the length of rete ridges of the
heel where they are more pronounced than any of the fifty normal sites
examined.

If the external irritation is removed from the digits as may
oceur in prolonéed bed rest or by the surgical removal of the underlying
head of the phalangeal bone, the thickened stratum corneum will return
to normal thickness and the skin of fhe digit appears flexible. This
modulation provides furthér credence to the notion that epidermal
morphology is at least partly dﬁe to mechanical activity demanded of
the skin.

These considerable changes of epidermal festures do not appear
to be the result of obvious ultrastructural or histochemical alteratiqns
within the limits of the available rethodology.

Ultrastructure of Hyperkeratinized Interphalangeal Skin

Electron microscopic analysis of skin in normal interphalangeal
skin and that found in the hyperkeratinizing éituation, exemplified by
heloma durum revealed no obvious ultrastructural changes. It is, however,
possible tggfpfutble changes do occur, particularly with respect to the
lamellar granules (Qdland bodies) uhich contribute mucopolysaccharides
to the interceliular boundaries,.éince histochemical tests show an increared

PAS reaction accompanied by broadening of the space between cells in the

hyperkeratinizing situation. Greater production of mucopolysaccharides

——y
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for distribution in the intercellular spaces could secount for tighter
adherence of the cells with the result of least desquamation, and in
this way conserving cells in the stratum corneum and adding to the
£hickness consistently seen in both weight bearing tissues and;most

especially in heloms durum,

Histochemical Analysis of Hyperkeratinized Interphalangeal Skin

Histochemical analysis of fhe'stratum germinativum and stratum
spinosum demonstrated little if any alteration in the cytochemical
make up of the individual cells. Several nuclear and DNA staining
methods demonstrated an increase in the number of cells qumitted to
mitosis at the crowns of the dermal.papillae. These were in close’
association with fibroblasts which were likewise increased in numbers
in the hwperkeratinizing situation. Their pdﬁition was altered to
one orienting them st right angles to the free surface of skin. An
increased number of cells can be o£served proliferating upward in a
stream toward the free surface of the skin. Skin 1nvolved in formation
of heloma durum demonstrated a marked increase in collagen in the dermis,
but experimentel evidence cited earlier indicates that collagen has no
competence to initiate mitosig of basal cells. This function has been
attributed ?o an undefined "diffugable dermal influencing factor."
Since extracts of tendon sheaths and connective tissue (both formed by
fibroblast activity) as well as pulverized fib:obla;ts in extract form
can act as the "dermal influencing factor" it seems reasonable to assume

that'phe fibroblast is elaborating substances which induce the increased



239.

mitosis observed from their close association with basal cells at the
crowns of dermal papillae seen in heloma durum.

Parakeratosis with numerous pyknotic nuclei characterize the/.
stratum corneum in both heloma durum and heavily cornlfied weight bearlng
sites. This is due to the apparent acceleration in cell transit timef
discussed in Part T and the inability of the stratum granulosum to /I
complete protein synthesis. Dehydration within the thickened strﬁéum
corneun is doubtless ancther factor in parakeratosis of the stratum

corneum in grealty thickened normal locations as well as in heloma durum.

Tissue Dynamics in Hyperkeratinization

It has been observed that vasodilitation precedes the formation
of heloma durum (Bonaville, 1968) wﬁich is accompanied by an eleboration
of histamine within the dermis. The. increase in fibroblast numbers in
the crown of the dermal papillae is doubtless an inflammatory response
;ith the result that basal cell mitosis is stimulated much as would
occur in wounding of the epidermal tissues (Ross, 1969). The increased
mitotie activ%ty would have a& double effect. First, the increased
number of‘celis.ﬁould produce crowding along the basement membrane which
in turn would increase the length of réte'ridges. Some basal cells would
be committed to keratinization and would proliferate upward with the
result that the suprapapillary stratum Malpighil would also thicken to-
the point of acanthosis. The increased number of cells would in turn
produce a thicker stratum corneum. - In hyperkeratin;zation, the breéent‘
study shows, however, that the rercent of stratum cofnedm in terms of
thickness of the layer is far more increased as compared to the Malpighiian

layer.
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The role of the'cellcyﬁle and epidermal transit time has not been
resolved by this study. The morphological events suggest an acceleration
in these phencmena. - Autoradiographic studies ﬁould fésolve this problem.
However, the medical-legal obstacles make such attemptg diffiéﬁlt at

best.

Modulation of thickness of stratum corneum and suprapapillnry
stratum Malpighii and the length of rete ridges arise from changes in the
balance of the epidermal chélone, which inhibits basal cell mitosis and
the "diffusable dermal influencing factor™ (Cohen, 1969) which in turn
are resj)onsive to factors discussed a}:crve. 'In general, the increased

length and thickness of dermal papillae of the epidermal dermal interface

‘of heloma durum rarallel the increased thickness of suprapapillary stratum

Malpighii and stratum corneum. Since the sizes of cells do not increase
in accretionary growth (Pg?t II, Table XI) the increases in demand for
protein synthesis during kefatinization in the Malpighiian layer are met
by increasing the number of cells committed to this process.

Epidermai-Dermal Interface of Heloma Durum

Dermal papillae increase in length and often coalesce forming
'éreatly thickened papilise. Pressure often deflects the papillae in
various directions so that in cross section, islands of dermis appear
within‘the stratqm Malpighii.

- Rete ridges form moré thickly and the'éraﬁér—like depressions
for the reception of the much increased dermal papillae are much broader

and deeper. These structures in heloma durum are three and four fold

greater than those found in normal interphalangeal skin and where the
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structures are much more regularly positioned.
Aside from their morphological interest, they suggest an increase

‘in cellular activity as the cells aggregate to form the whole.
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SUMMARY
Two basic methods were employed in the evaluation of hﬁman skin
in order that the variations with respect to thickness and/or area of

epidermal features of stratum corneun and stratum Malpighii as well as

the morphologic and dimensional difference of rete ridging, could be

inter-related with the mechanlcal functioning of gkin 1sdlated from many
points throughout the body Méasurements from cross section preparation
were first investigated for all of the epidermal features of interest.
Secondly, three dimensional representations of epidermal-dermal inter—
face following maceration technique of all sites examined were prepared
and presented in 'atlas form as ﬁicrnphotographs- Supplementary studies
involving histochemistry and elec¢tron microscopy of normal and hyper—‘
keratinized skin were also made.

| The investigation was approached in two wvays. Part I éeports
measurements of epidermsal features from fifty different functional sites
from widely spaced regions of the body. Seven human cadavers were al-
located for thése studieq. A narrover parameter of study involving a
single finger is.included to develop tﬁe principle that morphological
variation can exist ag more discrete functional changes occur. Epidermnl -
dermal interface preparaticns accompany the measured date.

Part II employs the heloma durum (human corn) as experlment of

nature in which normally thin skin from the interphalangeal Skln of the
digits of man is radically modulated as the result of extérnal pPressure,

to produce hypertrophy of all epidermal features. The extreme modulation

242,
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seemed a reasonable basis fo%_cq@parisons of normally keratinized skin
and the hyperkeratinized situaﬁic;n found in heloma durum using histo- -
chemistry and electron microscopy.

Explanations for the- biological basié for these modulations are
postulated from the current literature. N

PART I -
1. Humgﬁ epidermis i§ Qistinctive to various regions of the body. kTQe
strata are biologica;ly inter-related as they are involved in the dif;
ferentiating process of keratinization. Measureménts of these featurgs
are more meaningful for this rgéson rather than" ss examination of
the total skin {epidermis and dermis). The fbllg:i?g variables examined
are: | . |
- @&. The thickness of the stratum corneum: the end ‘product of

keratinization. This layer is readily delineated from the qell«la&ers
below due tothe absence of nuclei. Additional evaluationlcun be provided (r;
as to relative area of the strata by weight comparisons. The stratum \
corneum is responsive to veight bearing and to a 1ésser degree flexion
of & body member by increasing its thickness.‘ More passive skin surfaces’
remain at a constant thickness with stratum corneum and stratum Malpighii
sbout evenly divided. | —

b. The thickness of the suérapapillary stratum Malpighii: The
cellular layer involved in differentiating in protein synthesis in
orderly sequence beginning with the stratum basale of thei stratim germin-

ativum and continuing toward the free surface 6f the skin through stratum

spinosum and stratum granulosum at which point cornification is completed,
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The thickness of stratum Malpighii increases with dem;nd elso, but not
nearly to the extent that the stratum corneun does.
| ¢. Length of the rete ridges: Increases in length and/or mumber

results in an increase in surface area exposed to the dermis end this
parameter is directly proportional to keratinization acfivity. Again,

its greatest expregsion in length is noted in weight bearing sites and

to a lesser degree for skin involved in the flexion ond extension.

When analysed statistically, ﬁositive correlations between

variables can be shown.

o

2. " An atlas of humaniskin has been prepared providing comparisons of the
interfaée structures both in terms of size and number and demonstrating
the highly variable nature of the epidermal-dermal interface characterizing
the 50 gites all of vhiéh_have a degree 6f functional difference.

3. The Horstmann view relating epidermal—denmal interface has been ex— °
panded upon. ' Dermal papillae do not occur in direct relationshlp to hair
follicles, hut as they escape the powerful over-riding 1nduct1ve effects
of the hair follicle. When_hair folliclesqare absent, inductive forces
of the dermls can be.directed toward the development of a more expressive
epidermal-derhﬁl interface with rete ridges and dermal papillae cccurring
in grekter number and 1ength; 'The interface of epidermis and dermis
reaches its highest development‘whereveight bearing 13 the principle

-1

function of the body part. “u

k. An attempt has been made to organize the skin'into functional

categories. Passive skin types such as those invol in coverings,

.rounded and flat, special types as penis and d and anchoring sites

showed the least expression of thickness*ypf strétum corneum, supra-
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papillary stratum-Malpighii and the number and/or length of rete ridges.

-

As more work.is demandéd of the skin, all parémeters tend to incfgase in
direct proportion.

5. It has long been known that alterations in the fupction éf»muscle
and bone result in changes in the morphology of these tissues. bn‘the.
basis of the observations made in this thesis, 1t is reasonable to state
that thé‘function'to which thé skin‘is put is a determining faétor in
the morphology of the epidermis and its coﬁponent features. Mechanical
action of the skin operates not at the exclu51on of genetic 1nfluences,
humoral effects or hormonal leVels, age, or nutrition but rather in
addition to these factors, thus contributing to the cotplexity of the
biology of thg skin. |

PART IX ot

Heloma durum (common human corn) presents an excellent example
in support of the premise tﬁat altered function (ig.tﬁ%s,case, a marked,
increase in external irritation or pressure againstnthe skin of the
interphal&ngeﬁi joints of the digits of man) alters the morphology of the
several epidermal features studied throughout this thesis.

a. Thé thickne;s of the stratum corneum increases proportionally
to a degfee observed no where else in the skit of man.

b. The stratum Malpigtii undergoes marked acanthosis (at increase
in thickness of the stratum due to a greater number of spinous cells) in

-

response to.pressure

¢. The number and 1eggth of rete ridges and interdigitating

defmal papillge:are grossly increasei;
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1. Electron microscopy: Superficial examination of cells involved in

the hyperkeratinization précess in heloma durumAand in normal inter-

. Phalangeal skin show qualitative similarities of all organelles.

Quantitative analysis must awvait a more thorough study.
2. Cell measuremeqti: Although all epidermal features are greatly ex-
a

panded, cell dimensions remnin constant in normal-interphalangeal skin

and that involved in hyperkeratinization (heloma durum). The alterations

. of morphology, then, bre the result of accretionary growth.

3. Histochemical studies of normal interphalangesl skin and the hyper-
keratinized epide:mis of heloma durum: Little alteration in histochemistry

was detectable. There was a noticeable increage in PAS'positive,materiaI
t the basement membrane (ipductive dermal ‘influence has been shown tb be

a mucopolysaccharide) aﬁd in the cell Boundaries of the stratum corneum

(ultrastructural studies suggest that the lamellar granule contributes

~
& mucopolysaccharide to the intercellular boundaries). . -

. ) ! :
Hyperkeratinized skin as noted in the heloma durum presents marked

parakeratosis with evidence that proteinaceous compounds are incompletely‘
. * Q -

developed in izzggge”tprough,the stratum granulosum. Pyxnotic nuclei .

- '}
-

pasg rapidly m the stratum granulosum and are obServablerinqlarge

numbers to the leveél‘of the free surface of the skin involved in heloma

durum. Parakeratosis is also a feature of weight bearing sites as they

are found from place to place in the human hody.
i . :
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Terminology as Used in this Study _ .

Human inﬁegument is comprised of an un&erlying dermis and an
overlying coarifying layer, the epidermis. This study involves alter-
ations in the morphology of epidermis ang the character of the epidermal-
derma) interface, but the functional relationship of the dermis demands
it be considered as well.

THE DERMIS

The dermis is of mesodermal origin, a portion of which is from
the somites (Pinkus, 1971). The predominant cell is the fibroblast
found within the ground substance together with fibers of several types
(Ham, 1969).

The fibroblast is characterized by a basophilic cytoplasm and

& nucleus which often is ovoid or elongate. Cytoplasmic processes
extend noticeably from the cell body. Fibroblasts are active in synthesis
of most dermal structures - ground substance, collagenic, elastic and

reticular fibers.

Ground substance is an amorphous mucopolysaccharide in which the

cellular and forted elements of dermis are found.

- Elastic fibers seen as wavy bands of collagen, & protein formed

by the hydroxylation of proline and lysine.

Reticular fibers are networks of collagenic fibers seen in loose
connective tissue of the dermis vhere epidermis and basement membrane
are adjacent.

BASEMENT . MEMBRANE

The basement membrane seems to be a nonliving, permeabie layer
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Tormed probably by both the epidermis above and the dermis below. The
epidermis contributes amorphous carbohydrate macromolecules which
provide the PAS-positive reaction. The dermis contributes fhe reticular
fibers (Midgelyranq Pierce, 1963; Zelickson, 1967) —

THE EPIDERMIS

i

The epidermis is derived from primary ectoderms except for the
melanocytes which are migratory and are neuro-ectodermal in origin

(Balinski, 1970). It is composed of vertically arranged clones of

el

epidermal cells or keratinocytes (Pinkus, 1958) in five layers. The

strata become progressively flattened and broad as they push upward

-

toward the. free surface of skin. Epidermis and dermis separated by ‘\7i?}
the basement membrane between collectively make .up Uhét is Yermed the
total skin.

Rete ridges or interpapillary pegs project into the dermis away
from the free surface.of the skin and are composgd of cells of the

stratum germinativum and stratum spinosum. They interdigitate with and -

surround the dermal papillese. Dermal papillae are cone shapéd pro-

Jections of the dermis consisting of thin collagen fibers and bundles
in the ground substance matrix (Pinkus, 1971). Often the projections
occur as ridges since they occur consistently in successive cross sections

(Ham, 1969).

Stratum germinativum is the innefmost of' the five layers of
epidermis and is the-only stratum mitotically active (Pinkus, 1958).
Nuclei are large and the cell has a mean diameter of 6 a. Progeny of

the germinativum are pushed up as stratum spinosum.



250.

Stratum spinosum has cells which are irregular and pPolyhedral in

shape and are characterized By numerous attachment sites or desmosomes.
Several layers are present with diameters varying from 10 to 15 au.
Acanthosis designates a thickening resulting from an increased number

of cells in the stratum spinosum (hyperplasia).
. :

Stratum granulosum is named on the basis of granular sppearance

when stained with hematoxylin indicating the presence of keratohyalin
granules. The cells have & diamond shape-with the nuclei showing de-—
generation. Cell diameters are on the order of 30 u.

Stratum lucidum, if visible, is a thin homogeneous zone above

the stratum granulosum and below the stratum corneum. '’

Stratum corneum is the outermost'horny layer of skin rich in
keratin, The stratum is composed of a veriable number of cells without,
nuclei or only remnants thereof. Cell diameters are on the order of
- 30;u_(Pinkus, 1558). |

Suprapapiliary stratum Malpighii is the nucleated cell mass sbove

~ an imaginary line drawn through the tips of the dermal papillae.

THE EPIDERMAI~DERMAL INTERFACE

In order to avoid confusion in the interpretation of this study
when the interface area formed by the Juncture of dermis with epidermis

is mentioned, two entities should be recognized:

-1. Epidermal—derﬁal Interface - This expression shall be restricté& in-
this thesis to the three dimensional representation as revealed by
incident light microscopy after the tissue was separated by maceration

technique, fixed, dehydrated,-cleared and treated by resin infiltration.
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The lower (surface adjacent to the dermis) epidermis interface may be
examined, or the dermis interface as it has been separated from the . -
épidermis, can be stpdied. This is the only way to appreciate the

LY

hand in glove relationship of dermis with epidermis. . .

2. Sine Interfsce — The term sine interface has been coined for use in

this thesis to differentiate it from the th{pe diﬁensional Preparation
described above. When skin is sectioned and mounted‘on glass slides
for examination by light microscopy, a two diménsional representation
is obtained. The Juncturé of dermis with epidermis is seen as g,
continuous line, usually in the fbrm.of a sine wave or curve; for this
reason the term was selected. It provided the means for measurement

* of the rete pegs and the counting of rete pegs.
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APPENDIX A

EPIDERMAL-DERMAL INTERFACE PREPARATION

MACERATION:
24 hour immersion in agueous 1 N sodfum bromide

FIXATION:
12 hours immersion in 10% neutral formalin

DEHYDRATION AND CLEARING:

-1 hour 50% ethanol o

1 hour 70% ethanol

1 hour 80% ethanol .
1 hour - 85% athanol

1 haur absolute ethanol

1 hour absolute ethanol

1 hour absolute ethanol-xylane

1 hour - Xylena '

12 hours 1% beeswax in turpentine

AIR DRY, 3 DAYS | o - Y

MOUNT, INTERFACE UP, ON GLASS SLIDES AFFIXING WITH
“ELMER'S GLUE" (BORDEN CO.) STORE AWAY FROM DUST
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| | 262
NORMAL RANGE ANALYSIS

Identific- Overall Stratum Suprapapillary Papillae Well Formed

ation Depth . _Corneum . Stratum '~ Number/mm Papillae ,
: _ -malpighii " (Mean Length)
mm mm % mm 4 : mm
Normal .04 - ,02 50 .02 50 11 . 06
Skin - .04 .02 50 «02 50 e
Normal  ,30 .18 60,12 4o 11 .65

INTERPHALANGEAL NORMAL SKIN

2 6 .08 S50 .08 50 12 .05
Can .06 55 .05 a6
.10 .05 S50 | .05 50
5 .11 .86 55 .05 a5 . 10 .07
.14 .- .07 50 .07 50
.10 .04 40 .06 60
10 .09 .05 55 .04 45 13 .04
.12 .09 75,03 25
12 .08 67 .04 23 |
12 11 .08 73 .03 27 12 .06 ~
.09 .05 5§ .04 a&a
Bn2(3) .08 «03 38 - .05 62 - 10 .08
. +10 .08 40 .06 60 . |
Bn2{4) «20 «15 75 . .05 25 13 .07
= S+ 12 .75 04 25
8n2(s) - .12 .07 "S8  .,05 42 11 .07
.10 .04 40. ..06. 60 .
8n2(6) .18 w13 73 .05 . .27 12 .05

20 . 15 75 .05 25
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STRTISTIQRL FORMULATIONS AS USED IN THIS THESIS )

The measure of central tendency is computad from the raw
data as repDrted in Appendix 8, C or D. The mean (X) is comp-

uted as- the sum total of all obsarued deta diuidad by the numb-

bl 14

er of occurrencess X = . The mean {X) for the rete peqg
number and length or thickness of the Tespective epidarmal
-strata may fail to. reueal 1ndiu1dual characteristics which ara
important in this study. Extreme valuss departing, from the

average tend to alter the mean values.

STANDARD DEVIATION (é) is a tesat of the measure of dispersion.

away from the mean. If d is the deviatiun OF .each lndividual

measuremant From the mean, standard deuiation of mass of paw

data is computed as < d

PEARSONIAN r (Correlation Coefficient)., Given variables
x and y, sc = standard score or 7.

& SeX * 56y

n : or S xy - Xxgy
Sx 6y

. +1 indicates a paf?ect positiue‘torrelation, - 1 a pet?ecﬁ

negative correlation. One cannot assume causal relationahip
from high corralation coefficient, o

STANDARD ERROR . N o

n=1
v { N :
P = Confidence Lavel: Possibility a given value could occur
by chance alone. (.01 = 1 chance in 100.

SIGNIFIELANT DIFFERENCE:‘ The student "t" tast

. | R T _
=Ny 4+ A
[ e e Moy

Nay = Ny - 2 -

't
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