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the mind of the afflicted’.

‘We restore, repair and make whole those parts of the face which nature has given but which fortune has
taken away, not so much that they may delight the eye, but that they may buoy up the spirit and help

Gaspare Taglacozzi 1546-99

INTRODUCTION

Ever since man began living in organised groups, which
marked the beginning of civilization, the desire to be appre-
ciated became as basic as the will to live. The face, with its
expressions of all human emotions, is a vital means of
communication and represents the centre point of attention
in human relationships. with particular emphasis placed on
cosmetic acceptance. A facial deformity represents a marked
deviation from perceived normality. subjecting the patient to
both physical and mental indignities. Many patients who
have facial defects resulting from cancer surgery, trauma or
congenital anomalies benefit {rom prosthetic rehabilitation.

Plastic and reconstructive techniques have developed to
the point where gross deformity. both congenital and ac-
quired, can be corrected or improved by surgical means. The
use of the patient’'s own tissues is far more desirable than
employing synthetics. However, reconstructive surgery pro-
duces satisfactory results only if the case is suitable. In many
instances there is a long period between the establishment
of the deformity and the commencement of surgical proce-
dures, and provision of a temporary prosthesis is of con-
siderable psychological as well as practical value. There are
also cases considered inoperable because of the possibility
of recurring disease and the general health of the patient.
Here the provision of a permanent prosthesis is essential.
Patients who have suffered extensive burns of the head and
neck requiring skin replacement often have insufficient
tissue locally available to allow reconstructive procedures to
be carried out.

In the management of malignant disease in the maxillo-
facial region it is at times considered necessary to leave open
the post-operative defect, as in the case of antro-orbital or
naso-orbital defects. By the use of a prosthesis the clinician
is able more easily to examine the patient than he would if
reconstructive surgery had been completed. Prolonged
radiotherapy may also exclude surgical reconstruction.

One of the main features of cancer surgery is the require-
ment to remove a considerable section of tissue adjacent to
the tumour, resulting in a considerable post-operative de-
formity. This means that the patient has completely changed
facial features; what was once a familiar face to family and
friends is different and in many cases not readily accepted by
society. As part of the treatment and rehabilitation of such
patients, facial prostheses may be constructed to conceal
facial defects, accurately reproducing the missing parts and
providing an acceptable prosthetic restoration with as much
function as possible.

HISTORY

Itis logical to assume that the need for prosthetic restoration
has existed since the time when man began to be afflicted
with disfigurement caused by disease or mutilation. The
origins and first use of prostheses to reconstruct facial
defects is lost in antiquity, but some appreciation of man’s
early attempts can be obtained from excavated remains
together with ancient illustrative materials found in the form
of carvings. sculptures and paintings.

The Chinese are known to have made facial restorations
using waxes from tree resins. Gray [1)], in a radiographic
study of Ancient Egyptian mummies, refutes the hypothesis
of Bulbulian [2] and of Chalian et a!.[3] that Ancient Egyp-
tians used facial prostheses in living subjects. Gray's findings
clearly indicate that prostheses such as noses, ears and eyes
were used solely in a post-mortem role. As early as the
Fourth Dynasty (2613-2494 BC) mummification was used.,
with particular attention being paid to the face. Mud was
packed under the skin and linen placed in the mouth to
restore contour. Artificial eyes constructed of enamelled
gold were inserted over the shrunken orbits. This contour-
restoring procedure was further complemented by facial
painting, red for men, yellow for women. The lips were
painted and the cheeks rouged. The entire process of
mummification and construction of cosmetic facial prosthe-
ses took some 70 days and, being expensive, was mostly
confined to the aristocracy.

Ambroise Paré [4] can well be described as the founder of
modern facial prosthetics. His construction of prostheses to
restore facial defects did much to form the basis for future
development. His materials were gold, silver, paper and
linen, enamelled to create the illusion of skin colour. The
Rovyal Library, Copenhagen. records that the Danish astron-
omer Tycho Brahe (1546-1601) lost his nose in a duel over
a woman's favours. He lost the duel, the woman and his
nose. A resourceful gentleman, he constructed a new nose
himself from silver and gold. Whyper [5] recorded in the
London Medical Gazette the case of the gunner with the
silver mask: a complex mechanical facial prosthesis for a
soldier who had acquired a large facial defect in battle. The
prosthesis is described as weighing about 1.5 kg. Skin colour
simulation was achieved by the use of cil paint ‘analogous to
his complexion so that the illusion was so strong that unless
forewarned he might be steadfastly examined at a short
distance without betraying his misfortune!” Tetamore [6]
used celluloid painted to flesh colour in ten cases of patients
with nasal defects. Upham [7] describes his work of con-
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structing noses and ears. He comments on the materials in
use at the time: ‘Vulcanised rubber is the best material to use.
It is more easily worked, has no odour and is not easily
broken. Celluloid is hard to work and gets broken and has the
misfortune to catch fire if the wearer is an absent-minded
smoker! Aluminium and silver are too hard and do not keep
the enamel flesh colour on the surface.’

Of the many factors contributing to that quality of human
skin described as ‘life-like’, colour occupies an extremely
important position. The aim of workers in the field of facial
prosthetics must be to duplicate and simulate normal skin so
that the prosthetic restoration will appear realistic.

The ideal wrapping material for the hurnan body has yet
to be discovered, but for the task it has to do the skin is
worthy of examination to form an understanding of the
problems of finding a prosthetic substitute.

The skin is resistant to wear. It replaces itself. It is warm
in winter vet cool in summer. It resists damp, corrosive
elements and micro-organisms and its aesthetic qualities can
seriously influence the social acceptance of its owner. The
total area of skin covering a six foot 70 kg man is 1.9 m? and
the weight is approximately 2100 g.

In its ideal state the skin appears perfectly smooth.
However, as the skin ages it deteriorates due to cumulative
exposure to heat and cold, pressure and abrasion. In order
to attempt skin colour reproduction to an acceptable degree
of realism in a polymer it is necessary firstly to examine the
structure of the skin and its pigmentation. The sensation of
colour of an object stems from the primary property of
absorption of light of specific wavelengths, coupled with the
reflection or transmission of the unabsorbed wavelengths,
ranging from violet-blue to red (i.e. wavelengths from ap-
proximately 400 to 700 nm}.

The perceived colour of the translucent surface of human
skin results from the scattering of those unabsorbed wave-
lengths of light throughout the heterogeneous surface and
sub-surface layers, with highly diffuse reflectance by the
internal dermal structure. Human skin comprises a series of
translucent layers (Figure 1}, namely the outer epidermis, the
dermis and subcutaneous tissue, each containing various
pigments contributing to the sensible colour of skin.

On exposure to light, some of the incident radiation is
reflected unchanged from the surface, contributing to that
quality of human skin termed ‘gloss’, often associated with
an oily skin surface. The remaining light enters the epidermis

Figure 1 —Cross-section of human skin showing distribution of
pigmentation
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where it is either absorbed, transmitted or reflected, with
diffuse scattering depending upon the colour characteristics
of the pigments in the dermal layers.

The total reflection. both direct and diffuse, contributes to
the visual stimulus [8]. This process is continued in the
dermis and the subcutaneous tissue layers. The overall
visible sensible coloration of human skin is therefore a
complex relationship between absorption, transmission and
reflection, depending upon the location or depth and amount
of particulate colour-producing pigments and upon the
diffuse nature of the skin layers penetrated by incident light.

PIGMENTATION IN THE SKIN

Edwards and Duntley [9] employed spectrophotometry in an
exhaustive study of human skin colour pigmentation. They
considered that by this method skin could be more precisely
analysed, and this investigation has formed the basis of
modern understanding of skin colour. Spectrophotometry
of the skin was employed by Darno [10] and Bode [11], but
most comprehensively by Sheard et al. [12].

Previous workers in skin colour and pigmentation consid-
ered only certain pigments, namely melanin and haemo-
globin. No consideration was given to reduced haemoglobin
and neither carotene nor melanocid was recognised as a
normal constant constituent. The epidermis wasregarded as
a screening factor for underlying blood. A modified spectro-
photometric system using photographs has been devised by
Schultze [13], but no direct conclusions were drawn from
this work. Williams {14] has described a modified spectro-
photometric technique for measuring the reflected light
through three filters. Buckley et al. [15] used reflection
spectrophotometry in an absorption study of the character-
istics of human skin.

Edwards and Duntley, in the study of skin pigmentation,
described human skin colour as attributable to five prevailing
pigments: melanin, melanecid, haemoglobin, reduced
haemoglobin and carotene. These pigments, as indicated in
Table 1. absorb light in specific spectral regions. Melanin,
found principally in the epidermis, is the basic dark pigmen-
tation and is responsible for the yellow and brown effects of
the skin.

The turbidity of the deeper layers of the epidermis
provides the effect of scattering, which has an important
influence on human skin colour. McAndrew [16] considered
that melanin, occurring as it does in discrete granules, will

TABLE 1

Principal pigments in living tissue

Pigments Location Colour
Melanin Basal layer Brown and vellow
{bluish tinge)
Melanoid (sol ) Basal layer
Oxyhaemoglobin  Capillary tips Red
Haemoglobin Capillary tips Blue and red
(pink tone)
Carotene Tissues and Yellow
straturn corneurn and red




function as if it were a solution. Edwards and Duntley in their
investigation suggested that there is a similarity of behaviour
in the two situations, due in part to the extremely finely
dispersed state of the particles in the epidermis. This fact
would indicate that some light is always transmitted through
the epidermis no matter how much melanin is present in it.
The darker the race, the more numerous are the particles
through which the light passes, producing approximately
the same effect as an increase in concentration of a soluticn.

McAndrew’s investigation of skin pigmentation described
melanin as a coloured protein complex. indicating tinctorial
differences that exist in the skin, hair and eyes of man. In a
microquantitative study of human epidermis he established
that the variation in the hue of the skin in Caucasian,
Negroid and Mongoloid peoples {racial groups described as
having white, brown/black and yellow skins respectively) is
not related to the number or distribution of pigment-produc-
ing cells (which appear to be the same for all races) but to the
content of melanin in the pigment-producing cells them-
selves, melanocytes. The melanocyte is a one cell gland that
secretes melanin. Szabo [17] determined microscopically
that the epidermis is on average ten cells in depth, the
melanocytes being individually situated in the lowermost cell
layer of the epidermis (Figures 2 and 3).

Figure 2 — Section showing normal epidermis of a white
Caucasian; the basa!l layer (arrowed) lacks the intense
pigmentation seen in the skin of a Negroid (magnification
x160)
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Figure 3 — Section showing normal epidermis of a Negroid;
the upper black zone in the prickle cell layer, with granules
composed of keratohyalin (not melanin). the basal layver
{arrowed}shows the intense pigmentation with caps composed
of melanin granules abave the nuclei {magnification x160)

A horizontal pigmented network is formed by long cyto-
plasmic extensions of melanocytes interconnecting and
weaving in among the other epidermal cells; within these
melanocytes the amino acid tyrosine is enzymatically con-
verted into melanin.

Blum [18] argued that the principal role of melanin in the
human skin is that of a light trap. an epidermal screen of
pigment protection placed between ultra-violet radiation
and the highly vascular dermis. Without melanin mankind
would have to live in sunless areas or face a painful death and
possible extinction from squamous cell carcinoma.

An important discovery credited to Edwards and Duntley
was the identification of a new pigment. On examination of
the stratum corneum they found a pigment resembling
melanin in its general pattern of absorption, but differing in
that it had an absorption pattern in the violet region of the
visible spectrum, Because of its close resemblance to mela-
nin they designated the substance ‘melanoid’.

Since melanoid resembles melanin spectrophotometri-
cally and since it is found in cells derived from the melanin-
bearing cells, it is logical to regard melanoid as a degradation
product of melanin. Furthermore the amount of melanoid
found in any skin is related to the amount of melanin also
occurring there.

APPENDAGES TO THE SKIN

Eccrine sweat glands

Eccrine sweat glands are the most numerous skin append-
ages and occur over the majority of the bedy surface. They
have cylindrical spiral ducts lined with epidermal cells ex-
tending from their visible opening in the epidermis down
into the deep dermis, where the duct becomes convoluted
into a ball. Part of the duct is secretory and manufactures the
sweat that rises up the duct to be released on the skin surface.
Gordon and Cage [19] indicated that the duct of the gland
has the ability to modify the sweat as it flows upward by
removing salts and water. Though the lining of the duct is
said to be epidermal. it is not highly pigmented even in races
with pigmented skin,

The ecerine sweat is concerned with both the control for
the body temperature and the excretion of waste materials.
Temperature control is achieved by the cooling effect of the
evaporation of the sweat secreted on to the skin surface. The
sweat glands are therefore responsive to environmental
temperature. They also respond to stimuli such as ultra-
viclet radiation, emotional stress and rises in body temper-
ature. Cage and Dobson [20] described the composition of
eccrine sweat as variable but consisting of electrolyte ions,
urea and amino acids, together with small amounts of sugars
and some lipid. The normal range of sodium chloride
concentration in eccrine sweat is stated to be between 10
and 100 mmol/t. Randall and McClure [21] found that
although eccrine sweating is thought to be a continuous
process, it is considered that the sweat is squirted onto the
skin in small bursts by the peristaltic action of the duct itself;
some six to seven ejections per minute have been suggested.

Sebaceous glands

Sebaceous glands are responsible for the secretion of se-
bum. This material forms most of the fatty layer covering the
skin and hair. The true function of the sebum is in doubt but
lubrication. water repeliency and bacteriostasis have been
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suggested. The glands are found associated with hair follicles
over most of the body but can occur separately. Secreted
sweat and sebum as well as the actual glands contribute little
to the colour of skin but are relevant to prosthetic sirnulation
with regard to surface texture [22].

Hair

Although the hair and most of the follicle are considered to
be epidermal appendages. Oliver [23] describes the hair
shaft as a product of protein synthesis within cells following
cell division at the base of the hair follicle. He considered the
hair to be intimately associated with a dermal papilla. which
is embedded in the hair bulb and probably influences the type
of hair produced by the follicle. The presence of hair in the
facial region influences the texture of skin. The upper lip,
chin and cheeks of the male have deep concentrations of
hair {ollicles that affect skin colour {(Figure 4).

Figure 4 —Distribution of hair follicles on the upper lip. chinand
cheeks of the male, affecting skin colour

SKIN COLOUR CHANGES DURING AGEING

The changes occurring in the skin during ageing, insofar as
they are obvious and cosmetically undesirable, are little
understood. In general they can be considered as wrinkling.
loosening from the underlying support. loss of elasticity or
tone. patch hyperpigmentation, flaccidity and coldness.
depigmentation and loss of hair, atrophy of facial muscles,
and decrease in the level of subcutaneous fat.

In the face voluntary muscles act on the skin by movement
of the lower jaw and as such the face is formed repeatedly
into folds and creases (Figure 5). With age, because of
changes in the skin, these folds and creases become perma-
nent. The pathogenesis of these changes as stated is not fully
understood. but any hypothesis must relate them to envi-
ronmental exposure, and tc abnormal levels of hormones
that are themselves the product of senile changes within the
body [24].

COLOUR DIFFERENCES BETWEEN THE SEXES

It is generally accepted that women are of a lighter skin
colour than men. This is not, as might be expected, attrib-
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Figure 5 — The voluntary muscles of the face act on the skin by
movement of the lower jaw, forming folds and creases that
become permanent with age

utable to differences in patterns of environmental exposure
and traditional work patterns, It is, according to Strong [25],
due to the female skin containing less blood and melanin. It
is also known that in the fermale strong melanin areas are the
nape of the neck and the axilla. Carotene is distinctly more
evident in the female than the male, mostly in the breast and
abdominal regions,

COLOUR DIFFERENCES BETWEEN RACES

The work of Edwards and Duntley [26] and Fitzpatrick [27]
confirms that the quantity of melanin is alone responsible for
the colour difference in the dark-skinned races. Edwards and
Duntley further define this principal colour difference to
more of the melanin derivative melanoid. In all the literature
and work relating to skin colour studies it is indicated that the
coloured races owe their characteristic colours only to
variations in the amount of melanin present. To this must be
added the derived pigment melanoid. No pigments other
than those found in the white races are encountered in the
dark races and the general pattern of pigment distribution is
identical in both groups.

A principal failing in prosthetic reconstruction is colour
error. An appreciation of the effects of colour and light will
enable the best clinical use of the colour spectrum in the
exacting task of colour simulation of hurman skin. The results
of prosthetic reconstruction are shown in Figures 6.
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Figure 6 — Results of prosthetic reconstruction
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