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It is now over 20 years since we first conceived the idea of a
detailed reference baok on all aspects of nail science, nail dis-
orders and their treatment. By that time in our lecturing and
teaching commitments around the world we had been privil-
eged to work with a vast array of great experts in the field, all
beginning to move across traditional specialty boundaries—one
saw podiatrists with great operating skills working with derma-
tological and plastic surgeons; beauticians showing doctors
thar aesthetic and *functional’ remedies may at times be more
relevant than formal medical therapeutics; geneticists seeing
that the nail apparatus may give more specific insight into
mechanisms of hereditary diseases than other sites . . . and so
on. Blackwell Science accepted the project and the first edition
appeared in 1984.

The ‘cross-fertilization’ between specialists has continued
apace during the last 17 years to the extent that expanding
knowledge and better medical and surgical treatments have led
to the Third Fdition being 50% larger than the First Edition.
This expansion has been controlled and enhanced by the edi-
torial team increasing to Aive—David de Berker, Antonella Tosti
and Eckart Haneke have great breadth of experience in the sci-
entific and clinical aspects of the nail apparatus and those used
to the Second Edition will recognize this input well beyond their

* Preface to the Third Edition

specific contributions to many chapters. There bas been consid-
erable enlargement of the sections on nail apparatus tumours
and nail surgery; this is due almost entirely to the new contribu-
tions by Elvin Zook and Jean-Luc Drapé. Last but not least we
welcome Bernard Richert; his clinical experience has been care-
fully applied to the physical signs section. Significant changes
have occurred in the understanding and treatment of ony-
chomycosis since the Second Edition and this is reflected in the
fungal diseases section,

Many clinical figures included in this edition have been con-
tributed by colleagues from all over the warld and we offer
them our most grateful thanks; we hope that all their contribu-
tions have been acknowledged in the text and apologise if inad -
vertently we have failed to do so at any point. After three
editions of this book it is ume for a very particular acknow-
ledgement to be made to Nicole Baran. Those directly involved
will know of her immense administrative commitment far
beyond the call of duty! Onc can truly say that she is the great
catalyst that has madc the book gel.

Robert Baran
Rodney Dawher

vit



Since the earliest publication by Heller there have been several
books written on diseases of the nail: in particular the works of
Alkiewicz and Pfister; Pardo-Castelle and Pardo; Samman,
Sertoli and Zaias must be mentioned as they are of high quality
and extremely useful, mainly to dermatologists.

Far many years we have felt that there is a need for a compre-
hensive reference book on all aspects of the nail in health and
disease, Itis evident that in different culteres nail abnormalities
are often scen by a variety of specialists, e.g. traumatic and
genetic dystrophies are rarely seen initially by dermatologists
whilst cosmetic and industrial problems may be handled by
dermatologists, industrial health experts, cosmetologists or chi-
ropodists. These are a few examples of the need for a reference
baok to ‘cross’ speciality, and even more important, parochial,
naticnal medical barriers. We believe thar a satistactory book
on the nail must do this. The world is small! We have both trav-
elled widely in recent years and do hope that the content and
style of the boek succeeds in this aim.

Some peaple may be surprised to find a Frenchman and
Englishman apparently having agreed with each other for long
enough to produce a book of this rature—not all French and
English are enemies! We have worked diligently to benefit from
our language differences and to combine the differences in
training and interests and hope that this first truly international
book, including authors from France, Germany, Sweden, UK
and USA, will be of use world-wide.

Though the chapters have been centributed by specific
authors, we must point out that the book is very much a group
activity; in particular, the editors have contributed much from

vili

* Preface to the First Edition

their own files to every section, This applies to the script, refer-
ences and figures, and therefore any errors of fact, emphasis or
quality of picture may be the fault of the editors rather than the
named chapter writers!

The inclusion of colour pictures has obviously made the
book mare expensive than with black and white pictures alone.
We gave considerable thought to this and decided to include
them as important diagnostic aids because of the photogenic
nature of the nail; and the fact thar between the ten auchors we
had a vunigue opportunity to pool material collected over many
years.

Acknowledgements
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of a vast number of colleagues the world over who have encout-
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and Nardo Zaias who at various times have stimulated our
interest in this field; without their help in our careers this book
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CHAPTER 1

Science of the nail apparatus

R.P.R. Dawber, D.A.R. de Berker & R. Baran

Gross anatomy and terminology
Embryology
Regional anatomy
Histological preparanion
Nail matrix and lunula
Nail bed and hyponychium
Nail folds
Nail plate
Vascular supply
Comparative anatomy and function
Physiglogy
Nail growth
Nail plate biochemcal analysis

Physical properties of nails

Strength

Measuring nail serength

Permeability

Radiation penetration
Imaging of the nail apparatus

Radiology

Magnetic resonance imaging

Ulerasound

Proflometry

Epiluminescence

Photography

Light

Other techniques

Gross anatomy and terminology

The nail is an opalescent window through to the vascular
nail bed. It is held in place by the nail folds, origin at the matrix
and artachment to the nail bed. It ends at a free edge distally,
overlying the hyponychium, These structures are illustrated in
Figs 1.1 and 1.2. The definition of the components of the nail
unit are as follows:

Nail plate (nail}: Durable keratinized structure which continues
growing throughout lifc.

Lateral nail folds: The cutaneous folded structures providing
the lateral borders to the nail.

Proximal nail fold (posterior nail fold}: Cutaneous folded struc-
ture providing the visible proximal border of the nail, con-
tinuous with the cuticle. On the undersurface this becomes
the dorsal marrix,

Cuticle {eponychium): The layer of epidermis extending from
the proximal nail fold and adhering to the dorsal aspect of
the nail plate.

Nail matrix (nail root): Traditionally, this can be split into three
parts {Lewis 1954). The dorsal matrix is synonymous with
the ventral aspect of the proximal nail fold. Intermediate
matrix {germinative matrix) is the epithelial structure start-
ing at the point that the dorsal matrix folds back on itself to
undetlie the proximal nail. The ventral matrix is synonym-
ous with the nail bed and starts at the border of the lunula,

where the intermediate matrix scops. It is limited distally by
the hypenychium,

Lunula (half moon): The convex margin of the intermediate
matrix scen through the nail. It is more pale than adjacent
nail bed. It is most commonly visible on the thumbs and great
toes. It may be concealed by the proximal nail fold.

Nail bed {ventral matrix, sterile matrix); The vascular bed upon
which the nail rests extending from the lunula to the hypony-
chium. This is the major territory seen through the nail plate.

Onychodermal band: The distal margin of the nail bed has
a contrasting hue in comparison with the rest of the nail
bed {Terry 1955). Normally, this is a transverse band of
1-1.5 mm of a deeper pink (Caucasian) or brown {Afro-
Carribean). Its celour, or presence, may vary with discase or
compression which influences the vascular supply (Fig, 1.3).
Sonnex ef af. (1991) examined 1000 nails from thumbs and
fingers in 100 subjccts, alive and dead. In addition to clinical
observation they obtained histology from cadavers. Their
findings can be summarized in Table 1,1, The onvchocorneal
hand represents the first barrier to penetration of materials to
beneath the nail plate, Disruption of this barrier by disease or
trauma precipitates a range of further events affecting the
nail bed. The white appearance of the central band represents
the transmission of light from the digit tip through the sera-
tum corneum and up through the nail. If the digit is placed
against a black surface, the band appears dark.
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Fig. 1.2 The tip of a digit showing the campanent parts of the nail apparatus

Hyponychium {contains the Solenhorn): The cutaneous margin
underlying free nail, bordered distally by the distal groove.
Distal groove {limiting furrow)}: A cutancous ridge demarcating

the border between subungual structures and the finger pulp,

References

Lewis, B.1. 11954) Micruscopie studies of fetal and mature nait and
surrounding soft tissue. Archives of Dermatology and Syphilis 70,
732-744,
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Fig. 1.1 Longitudinal sectior: of a digit shawing the
dorsal nail apparatus

(a)

Fig. 1.3 {a) Onychedermal band. (b) Tragrammatic representation of the
morphological features of the nermal nail, detail of the distal physiological calour bands
are shown. {Courtesy of 7.5, Sonnex and W.A D. Griffiths, St Jahn’s Institute of
Dermatology.]



Table 1.1 Clinical appearance of distal zones of the nail bed.
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Zone Sub-zone

Free edge

Oriychoconeat band
b Bistal pink zone

il Central white band

I Prosumal pink gradient

Appearance

Clear grey

5 2 mmdistal pink margin, may merge with free edge

U 1-1 rrum gistai white band representing the point of
attachment of the stratum corneum arising from the digit pulp

Merging with nail bed

KSonnex, T.5., Griffiths, W_.AD. & Nicol, W.[. (1991] The nacure and
signifivance of the transverse white band of human nails. Seminars in
Dermatnlogy 10, 12-16,

Terry, R.B. (1953} The onychodermal band in health and disease.
Lanceti, 179-181.

Embryology
Morphogenesis

8-12 weeks

Individual digits are discernibie from the 8th week of gestation

Fig. 1.4 Embryogenesis
afthanal zpparatus.

10 weeks: the primary
nail field can be seen with
praximal, lateral and distal
groowes. The latter is
accentuated by a distal
fidye. 13 weeks: awedge
SHMAT A PImGIS W
mowves praximalty, with the
irvagination of the
proximal nail fold above.
14 weeks. the nail plate
ermarges. 17 weeks the
nail plate covers most of
the i Ded and ine distan
ridee stans to flatten.

20} weeks: the nail plate
extonds 10 the distal ridge.
nows termed hypanychium.
Finger and nail grow
roughty in tandem from
now on Fetuses are ane-
fifth of the actual size.

(Lewis 1954}, The first embryonic element of the nail unit is the
nail anlage present from 9 weeks as the epidermis overlying the
dorsal tip of the digit. At 10 weeks a distinct reglon can be seen
and is described as the primary nail field. This almost overlies
the tip of the terminal phalanx, with clear proximal and lateral
grooves in addition to a well-defined distal groove. The pro-
mincence of this groove is partly due to the distal ridge, thrown
up proximally, accentuating the contour, The primary nail held
grows proximally by a wedge of germinative matnx cells
extending back from the tip of the digit. These cells are prox-
imal to both the distal groove and ridge. The spatial relation-

ship of these two latter structures remains relatively constant as
the former becomes the vesnigial distal groove and the latrer the
hyponychium (Fig. [.4}.
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13-14 weeks

Differential growth of the slowly developing primary nail field
and surrounding tissue results in the emergence of overhang-
ing proximal and lateral nail folds, Depending on the point of
reference, the nail folds may be interpreted as overhanging
(Warwick & Williams 1973} or the matrix as invaginating. By
13 weeks the nail field is well defined in the finger, with the
matrix primordium underlying a proximal nail fold. By 14 weeks
the nail plate is seen emerging from beneath the proximal nail
fold, with elements arising from the lunula as well as more
proximal matrix.

17 weeks to birth

At 17 weeks, the nail plate covers most of the nail bed and the
distal ridge has flattened. From 20 weeks, the nail unit and
finger grow in tandem, with the nail plate abutting the distal
ridge. This now becomes termed the hyponychium. The nail
bed cpithclivm ne longer produces keratohyalin, with a more
parakeratotic appearance. By birth the nail plate extends to the
distal groove, which becomes progressively less prominent. The
nail may curve over the volar surface of the Anger. It may also
demonstrate kailonychia. This deformity 1s normal in the very
young and a function of the thinness of the nail plate. It reverses
with age.

Tissue differentiation

Keratin synthesis can be identified in the nail unit from the
earliest stages of its differentiation {Moll et al. 1988). [n 12- and
13-week embryos, the nail-matrix anlage is a thin epithelial
wedge penetrating from the dorsal epidermis into the dermis.
This wedge is thought to represent the ‘ventral matrix pri-
mordium’, Keratin represents about 80% of the intracellular
structural protein of epithelial cells. It belongs to the family of
intermediate filuments. There are many different kerating with
varied structural properties and localization within armmals.
They are divided into two groups, the first of which are ‘soft’,
epithelial keratins commonly found in the skin. The second 1s
*hard’, trichocyte or hair/nail keratins found in hair, natl, thy-
mus, tooth primordia and tongue. Unfortunately, the funding
for research and the access of researchers to scalp rather than
nail matrix as a substrate for study means that these kerating
are most commaonly referred to in the literatere as hair keratins.
We feel that it is more precise to refer to them by their physical
characteristics as *hard” kerating rather than by a mislcading
epithet defining only one of their origins,

By week 15, hard keratins are seen throughour the nail bed
and matrix. This could have significance concerning theories of
nail embryogenesis and growth, where debate exists as to the
contribution made by the nail bed 10 nail growth {Lewis 1954;
Zaias 1963; Hashimoto ef al. 1966, Zalas & Alvarez 1968;

Johnson ef al. 1991). However, at 22 wecks, the layer of hard
keratin positive cells remains very thin in the nail bed, whereas
itis considerably thickened in the matrix. In the adult nail, there
have been reports of both the presence (Baden & Kubilus 1984)
and absence [Heid et af. 1988; Moll et af, 1988; de Berker et al.
1992; Westgare et al. 1997} of hard keratins in the nail bed.,

Histological observation at 13 and 14 weeks reveals para-
keratotic cells just distal 1o this nal plate primordium
staining for disulphydryl groups, This contrasts to adjacent
epithelium, suggesting the start of nail plate differentiation.
This early differentiation represents matrix formarion and
Merke! cells have been detected in the marrix primordium of
human fetuses between weeks 9 and 15 (Moll 8 Moll 1993).
Merkel cells may play a role in the development of epidermal
appendages and are detectable using monaclonal antibodies
specific to keratin 20. Their role in ontogenesis would explain
their disappearance from the nail matrix after week 22 (Moll
& Moll 1993). Howcever, this is not a universal finding, with an
abundance of Merkel cells tdentified in the matrix of young
adult and cadaver nail specimens in one study (Cameli et al.
1998).

At the 13-22-week stage there is coincident increase in the
expression of hard keratins and the development of kerato-
hyalin granules.

By 25 weeks, most features of nail unit differentiation are
complete. Changes may saill oceur in the chemical constiturion
of the nail plate after this date. A decrease in sulphur and
aluminium and a rise in chlorine has been noted as a feature
of full-term newborns in comparison with the nail plate of
premature babies {Sirota et al. 1988}, An elevated aluminium
level may correspond to bone abnormalities which lead to
osteopenia,

Factors in embryegenesis

The nail plate grows from the 15th week of gestation until
death. Many factors act upon it in this rime and influence its
appearance. Because it is a rugged structure, growing over a
cycle of 4-18 months, it provides a record of the effects of these
influences. To consider the different formative mechanisms, it
is important to distinguish:

1 embryogenesis;

2 regrowth;

3 growth.

There is overlap in all these processes, with the main clues
concerning embryogenesis deriving from fetal studies and an-
alysis of congenital abnormalitics. Regrowth is the growth of
the nail plate following its removal, This may be for therapeuric
reasons or following accidental trauma with associated damage.
Ohbservations of this process add to our understanding of both
growth and embryogenesis. Growth is the continuous process
of nail plate generation over a fully diffecentiated nail bed and
hyponychium. Embryogenesis is the subject of this section.



In the chick limb bud formation there is a complex interac-
tion between mesoderm and ectoderm. Initially, the mesoderm
induces the development of the apical ectodermal ridge (AER).
The mesoderm then becomes dependent upon the AER for the
creation of the limb. Removal of the AER results in a halt of
mesodermal differentiation. Replacing the underlying mesoderm
with mesoderm from another part of the limb primordium still
results in normal differentiation {Zwilling 1968). However, the
AER continues to be dependent upon the mesoderm, which must
be of limb type. Replacement of limb mesoderm with somite
mesoderm causes flattening of the AER. These morphogenetic
interactions occur prior to cytodifferentiation (Grant 1978). In
the human, cases of anonychia secondary to phenytoin {Hanson
& Smith 1975) might implicate the drug at this stage, prior to
8 weeks. Drugs have been argued as being contributory to
congenital nail dystrophies mainly atfecting the index fnger
(Higashi et al. 1975).

Dermal-epidermal interactions in appendage formation
have been closely examined using the hair fellicle, where the
role of the dermal papilla is central in the induction of epider-
mal differentiation, both i# vivo and i vitro {Jahoda 1984;
Reynolds et ai. 1993),

Other congenital abnormalities highlight the debate that spans
embryogenesis, growth and regrowth. Congenital onychodys-
plasia of the index fingers {COIF) is frequently associated with
abnormalities of the terminal phalanges and interphalangeal
joints (Baran 1980}. The nail may be absent, small or composed
of several small nails on the dorsal tip of the affected finger. The
bony abnormality varies, with the most marked change being
bifurcation of the terminal phalanx on lateral X-ray (Millman
& Strier 1982). However, a bony abnormality is not man-
darory in this condition or other conditions with ectopic nail
{Aoki & Suzuki [984). A normal nail may overly an abnormal
bone on other than the index finger (Kinoshita & Nagano
1976). COIF appears to demonstrate an association between
abnormalities of bone and nail, rather than the presence of
a strict relationship. It may represent a fault of mesoderm/
ectoderm interaction at the stage when these layers are
mutually dependent. It has been suggested that a vascular
abnormality may provide the common factor between
pathology in the two embryonic layers {Kitayama & Tsukada
1983). If this is the case, it appears likely that any vascular
abnormality arises due to a defect of patterned embryogenesis
rather than a random event, given that a form of COIF can
occur in the big toe of individuals with involved fingers
{Koizumi e af. 1998).

An interpretation based upen a mutual mesodermal and
ectodermal fault would fit with the observation of two cases of
congenital anonychia and hypoplastic nails combined with
hypoplastic phalanges (Baran & Juhlin 1986}, These cases were
vsed as a foil for the suggestion of a mechanism of ‘bone depend-
ent nail formation’. It might also be argued in reverse that the
bone was dependent upon the nail.
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Regional anatomy

Histological preparation

High quality sections of the nail unit are difficult to obtain,
Nails are very hard and tend to split or tear. In biopsies contain-
ing nail plate and soft subungual and periungual tissue, the nail
plate is afren torn from the matrix and other adjacent structures
by the microtame. This effect can be diminished by softening
the nail, which may be less practical if there are sofr tissue
attachments requiring histological examination.

Nail softening techniques

Nail alone

There are several different techniques to soften the nail plate,
Lewis {19543 recommended routine fixation in 10% formalin
and processing as usual. Earlier methods emploved used
fixation with potassium bichromate, sodium sulphate and
water. The section is then decalcified with nitric acid and
embedded in collodion. Alkiewicz and Pfister {1976) recom-
mended softening the nail with thioglycollate or hydrogen per-
oxide. Nail fragments are kept in 10% potassium thioglycollate
at 37°C for 5 days or in 20-30% hydrogen peroxide for 5-6
days, The nail is then fixed by boiling in formalin for 1 min
before cutting 10-15 pm sections.

Although softening of nail clippings for histology is not
mandatory, it is possible and may be helpful. Suarez et al.
{1991) suggest soaking the clipping for 2 days in a mix of
mercuric chloride, chromic acid, nitric acid and 95% alcohol.

The specimen is then transferred to absolute alcohol, xylene,
successive paraffin mixeures, sectioned at 4 pm and placed on
gelatinized slides. An alternative method, described for pre-
serving histological detail in the nail plate, entails fixation in
a mix of 5% trichloracetic acid and 10% formalin for the initial
24 h {Alvarez & Zaias 1967), This is followed by a modified
polyethylene glycol-pyroxylin embedding method,

Nail and soft tissue

In nail biopsies containing soft tissue, more gentle methods
of preparation are necessary. The specimen can be soaked in
distilled water for a few hours before placing in formalin
{Bennett 1976}, Good results are obtained with routine fixation
and embedding if permanent wave solution, thioglycellate or
10% potassium hydroxide solution, is applied with a cotton
swab to the surface of the paraffin block every two ar three
sections. Lewin et al. {1973) suggests applying 1% aqueous
polysorbate 40 to the cut surface of the block for 1 har 4°C,

Sections will sometimes adhere to normal slides, but when
there is nail alone, the material tends to curl as it dries and may
fall off. This means that it may be necessary to use gelatinized
or 3-aminopropyltriethoxysilane (APES) slides. Given the
difficulty in obtaining high quality sections it is worth cutting
many at different levels to maximize the chance of getting what
you need.

Routine staining with haematoxylin and eosin is sufficient
for most cases. Periodic acid Schiff {PAS) and Grocott's silver
stain can be used to demonstrate fungi; a blancophore fluoro-
chromation selectively delineates fungal walls (Haneke 1991).
Toluidine blue at pH § allows better visualization of the details
of the nail plate {Achten 1963; Achten et af. 1991). Fontana's
argentaffin reaction demonstrates melanin. Haemoglobin is
identified using a peroxidase reaction. Prussian Blue and Per!
stains are not helpful in the idennfication of blood in the nail.
They are specific to the haemosiderin product of haemoglobin
breakdown caused by macrophages. This does not occur in the
nail {Achten & Wanet 1973; Alkiewicz & Phster 1974; Baran
&8 Haneke 1984).

Masson-Goldner’s trichrome stain is very useful to study the
keratinization process and Giemnsa stain reveals slight changes
in the nail keratin,

Polarization microscopy shows the regular arrangement of
keratin fAlaments and birefringence is said to be absent in dis-
orders of nail formation such as leuconychia.

Nail matrix and lunula

For simplicity, the nail matrix (syn. intermediate matrix) will be
defined as the most proximal region of the nail bed extending ro
the lunula. This is commonly considered 1o be the source of the
bulk of the nail plate, although further contributiens may come
from other parts of the nail unit {qv. nail growth). Contrast
with these other regions helps characterize the matrix.



(a) (b)

Fig. 1.5 longitudinal nail biopsy of Zaias: (a} before biopsy; (b) 5 weexs after; {¢) 3 months later.

The matrix is vulnerable to surgical and accidental trauma;
a longitudinal biopsy of greater than 3 mm width is likely
to leave a permanent dystrophy {Zaias 1967} (Fig. 1.5). Once
matrix damage has occurred, it is difficult to effectively repair it
{Nakayama et al. 1990; Pessa et al. 1990). This accounts for the
relatively small amount of histological infermation on normal
nai! matrix.

It is possible to make distinctions between distal and prox-
imal matrix on functional grounds, given that 81% of cell num-
bers in the nail plare are provided by the proximal 50% of the
nail matrix {de Berker et af. 1996b} and surgery to distal matrix
18 less likely to cause scarring than more proximal surgery.

Clinically, the marrix 1§ synonymous with the lunula, or half
moon, which can be seen through the nail emerging from
beneath the proximal nail fold as a pale convex structure. This
is most prominent on the thumb, becoming less prominentin a
gradient towards the little finger. It is rarely seen on the toes.
The absence of a clinically identifiable lunula may mean chat
the vascular tone of the nail bed and matrix have obscured it or
that the proximal nail fold extends so far along the nail plate
that it lies over the entire matrix.

High resolution magnetic resonance imaging idenitifies the
matrix and dermal zones beneath. Drapé et al. (1996) described
a zone beneath the distal matrix where there is loose connective
tissue and a dense microvascular network. It may be the pres-
ence of this network thar accounts for the variable sign of
red lunulae in some systemic conditions {Wilkersen & Wilkin
1989; Cohen 1996). However, the histological observations of
Lewin suggested that there is diminished vascularity and
increased dermal collagen beneath the marrix contributing to
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the pallor which helps identify the area {(Lewin 1965). This has
been confirmed in a more recent study utilizing injection of
gelatinized Indian ink into amputation specimens {Wolfram-
Gabel & Sick 1995).

The thinner epidermis of the nail bed may account for the
contrast between white and pink appearance of the lunula and
bed, respectively (Burrows 1917}, Many suggestions have been
made to account for the appearance of the lunula {(Burrows
1917, 1919; Ham & Leeson 1961; Achren 1963; Lewin 1965;
Baran & Giocanni 1969):

1 The matrix epithelium in the lunula has more nuclei than the
nail bed, making it appear parakerarotic with an altered colour.
2 The surface of the nail is smoother and more shiny
proximally,

3 The thicker epidermis of the lunula obscures the underlying
vasculature,

4 The nail attachment at che lunula is less firm, allowing
greater refraction and reflection at the nail/sofr tissue interface,
5 The underlying dermis has less capillaries in it.

& The underlying dermis is of looser texture.

Macroscopically, the distal margin of the matrix is convex
and is easily distinguished from the contiguous nail bed once
the nail is removed, even if the difference is not clear prior to
avulsion. The nail bed s a more deep red and has surface cor-
rugations absent from the matrix. At the proximal margin of
the matrix, the contour of the lunula is repeated. At the lateral
apices, a subtle ligamentous attachment has been described,
arising as a dorsal expansion of the lateral ligament of the distal
interphalangeal joint {Guero ef al, 1994). Lack of balance
between the symmetrical tension on these artachments may
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Fig. 1.6 A granular layer
15 ahsent from the
germinal matrix {lower
part} and the venial
aspect of the proximal nail
fold {upper pan).

explain some forms of acquired and congenital malalignment
{de Berker & Baran 1998}.

Routine histology

The cells of the nail matrix are distinct from the adjacent nail
bed distally and the ventral surface of the nail fold, lying ar an
angle above. The nail matrix is the thickest area of stratified
squamous epithelium in the midline of the nail unit, com-
parable with the hyponychium. There are long rete ridges
characteristically descending at a slightly oblique angle, their
tips pointing distally. Laterally, the matrix rete ridges are
less marked, whereas those of the nail bed nail folds become
PrOTMUnNent.

Unlike the overlying nail fold, but like the nail bed, the
matrix has no granuiar layer (Fig. 1.6). The demarcation
between overlying nail fold and matrix is enhanced by the
altered morphology of the rete ridges. At their junction at the
apex of the matrix and origin of the nail, the first matrix epithe-
lial ridge may have a bobbed appearance like a lopped sheep’s
tail. Periodic acid Schiff staining is marked at both the distal
and proximal margins of the intermediate matrix (Fig. 1.7).

Dastally, there is often a step reduction in the epithelial thick-
ness at the transition of the matrix with the nail bed. This repres-
ents the edge of the lunula.

Nai! is formed from the marrix as cells become larger
and more pale and eventually the nucleus disintegrates. There
is progression with flattening, elongation and further pallor,
Occasionally retained shrunken or fragmented nuclei persist
1o be in¢luded into the nail plate. Lewis (1954) called these ‘per-
cinax bodies’. They can give an impression of the longitudinal
progression of growth in the nail plate (Fig. 1.8).

Fig. 1.7 Keratin stair of the rail apparatus delireating the epithebal structures of the
matrix and proxmal nail fold.

Fig. 1.8 Pertinax bodies can be seen as the nuclear remnants within the nail plate.

Melanocytes are present in the matrix where they reach a
density of up to 300/mm? {Higashi 1968; Higashi & Saito
1969; Tosti et al. 1994; de Berker et al. 1996a; Perrin et al,
1997). They are dendritic celis tound in the epibasal layers and
most prominent in the distal matrix (Tosti et af. 1994; de Berker
et al. 1996a; Perrin et al. 1997). This point can be refined
in terms of the functional status of the melanocytes. Ortonne
described melanocytes of the proximal marrix as being in a
single compartment of largely dormant cells. Those in the distal
matrix are in two compartments, with both a dormant and
functionally differentiated population. Longitudinal melan-
onychia most commonly arises from pigment contribuced to the
nail plate by these differentiated distal melanocytes. Ortonne
also defined a smaller population of nail bed melanccytes, with
approximately 25% of the number found in the matrix and
none of these were differentiated in terms of DOPA sraining.
This diffees from the observations of de Berker et al. {1996a)
where the nail bed was noted to lack melanocyte markers.

The suprabasal location of nail matrix melanocytes can lead
to difficulties in the interprecation of histological specimens



obtained to exclude dysplasia in instances of melanonychia,
given that ascending melanocytes is a sign of dysplasia in nor-
mal epidermis, This complication may be related to the fact chat
the differentiation of melanocytes in the matrix is different
from that found elsewhere given that they rypically do not
produce pigment in Caucasians and they are detected by the
antibody HME-43$, which recognizes melanoma cells and feral
melanocytes but not mature melanocytes (Tostt ez al. 1994),
In spite of these difficulties of interpretation, melanoma is a
relatively rare cause of subungual pigmentation, although it
is usually considered necessary to exclude it histologically, par-
ticularly in whiee adults {Tosti et gl 1994; Molina & Sanchez
1995).

Melanin in the nail plate is composed of granules derived
from matrix melanocytes {Zaias 1963). Longirudinal melano-
nychia may be a benign phenomenon, particularly in Afro-
Caribbeans—77% of black people will have a melanonychia by
the age of 20 and almost 100% by 50 {Monash 1932; Leyden
et al. 1972), The Japanese also have a high prevalence of lon-
gitudinal melanonychia, being present in 10-20% of adults
{Kopf & Waldo 1980). In a study of 15 benign melanonychia
in Japanese patients, they were found to arise from an increase
in activity and number of DOPA-positive melanocytes in the
matrix, not a melanocytic naevus {Higashi 1968). Longitudinal
melanonychia in Caucasians is more sinister, Oropeza (1986)
stated that a subungual pigmented lesion in this group has a
higher chance of being malignant than of being benign.

There is only a thin layer of dermis dividing the matrix
from the terminal phalanx. This has a rich vascular supply (see
below) and an elastin and collagen infrastructure giving attach-
ment to periosteum.,

Electron microscopy

Transmission electron microscopy confirms that in many
respects, matrix epithelium is similar to normal cutaneous
epithelium. (Hashimoto 1971a,b,c,d}. The basal cells contain
desmosomes and hemidesmosomes and interdigitate freely.
Differentiaring cells are rich in ribosomes and paolysomes and
contain more RNA than equivalent cutaneous epidermal cells.
As cell differentiation proceeds towards the nail plate, there
is an accumulation of cytoplasmic microfibrils (7.5-10 nm).
These fibrils are haphazardly arranged within the cells up to the
transitional zone. Beyond this, they become aligned with the
axis of nail plate growth.

Membrane-coating granules {Odland baodies) are formed
within the differentiating cells. They are discharged onto the
cell surface in the transitional zone and have been thought 1o
contribute to the thickness of the plasma membrane. They may
also have a role in the firm adherence of the squamous cells
within the nail plate, which is a notable characteristic (Parent
et al. 1983). The glycoprotein characteristics of cell membrane
complexes isolated from nail plate may reflect the canstituents
of these granules {Allen er al. 1991).

SCIENCE OF THE NAIL APPARATUS &

Mitechondria are degraded during the transitional phase,
whilst RNA-comaining ribosomes are evident up to the stape of
plasma membrane thickening. Vacuoles containing lipid and
other products af cytolysis are seen at the transitional stage.
Dorsal matrix cells start to show nuclear shrinkage at this
point, whereas the nuclei in the matrix remain intact to a higher
level.
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Fig. 1.9 The epidermis
of the nail bed has
longitudinal ridges visible
after nail avulsion.

Fig.1.10 The
undersurface of the nait
plate shows longitedina!
ridging which matches
that seen an the nail bed.
This patternis lost at the
margin of the iunula,
where the nailis in
Lontinuity with the mattix
from which it arses,

Zaias, N, (1967} The longitudinal nail biopsy. fournal of Investigative
Dermatolagy 49, 406-408.

Nail bed and hyponychium

The nail bed extends from the distal margin of the lunula to the
hyponychium. It is also called the ventral matrix depending on
whether or not you believe that it contributes to the substance
of the nail plate (see ‘Nail growth’ below), Avulsion of the nail
plate reveals a pattern of longitudinal epidermal ridges stretch-
ing to the lunula (Fig. 1.9). On the underside of the nail plate is
a complementary set of ridges, which has led to the description
of the nail being led up the nail bed as if on rails {Fig. 1.10). The



Fig. 1.11 The appearance of spiinter haemorrhages. Haem from iongitudinal nan
bed vessels is deposited on the underside of the nail plate. This grows outin the
shape of 3 splinter,

Fig. 1.12 The undersurface of the nail has dark-stained blood in the longitudinal

grooves corresponding to sphnter haemorthages.

small vessels of the nail bed are arientated in the same axis. This
is demonstrated by splinter haemorrhages {Figs [.11 & 1.12),
where haem is deposited on the undersurface of the nail plate
and grows out with it. The free edge of a nail loses the ridges,
suggesting that they are softer than the main nail plate struc-
ture, The nail bed also luses these ridges shortly after loss of the
overlying nail, It is likely that the ridges are generated ar the
margin of the lunula on the ventral surface of the nail to be
imprinted upon the nail hed.

The epidermis of the nail bed is thin over the bulk of s
territory. It becomes thicker at the nail folds where it develops
rete ridges. 1t has no granular layer except in disease siates.
The dermis is sparse, with little fat, firm collagenous adherence
ta the underlying periosteum and no schaceons or follicular
appendages {Lewin 19635}, Sweat ducts can be scen at the distal
margin of the nail bed using i# prvo magnification (Fig. 1.13)
{Maricq 1967).
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Fig. 1.93 Sweat pores in the distal nail bed (Marncg 1967}

The hyponychium lies between the distal ridge and the nail
plate and represents a space as much as a surface. The distal
ridge (sec ‘Factors in embryogenesis® above) 15 seen from
the 10th week of gestation onwards, The hyponychium and
onychocorneal band may be the focus or origin of subungual
hyperkeratosis in some diseases such as pityriasis rubra pilaris
(see below) or pachyonychia congenita {see below). In these
instances, and in some elderly people, it can be thoughr of as the
solenhorn described by Pinkus (1927).

Prerygium inversum unguis is a further condition character
ized by changes in the distal nail bed and hyponychium (Caputo
& Prandi 1973). There 15 tough, fibrotic tissue tethering che
free edge of the nail plate to the underlying soft structures.
It is tound in bath congenital {Odom et al. 1974} and acquired
forms (Patterson 1977}, The aetiology is not clear. Patterson
proposed that it was a combination of a genetic predisposition
and microvascular ischaemia.

The hyponychium and overhanging free nail provide a
crevice. This is a reservoir for microbes, relevant in surgery and
the dissemination of infection. After 10 min of scrubbing the
fingers with povidone iodine, nail clippings were cultured for
bacteria, yeasts and moulds {Rayan & Flournoy 1987). In 19
out of 20 patients Staphylococcus epidermidis was isolated,
seven patients had an additional bacteria, eight had moulds and
three had yeasts. These findings could have significance to both
surgeons and patients.

The hand to mouth transfer of bacteria is suggested by the
high incidence of Helicobacter pylori beneath the nails of those
who are seropositive for antibodies and have oral carriage.
Dowsctt ef af. (1999) found that 58% of those with tongue
H. pylori had it beneath the index fingernail, representing a
significant (P = 0.002) assaciation.

Nail folds

The proximal and lateral nail folds give purchase to the nail
plate by enclosing more than 75% of its peniphery. They also
provide a physical seal against the penetration of matenals to
vulnerable subungual and proximal regions.
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The epidermal structure of the iateral nail folds is unremark-
able, and comparable with normal skin. There is a tendency
to hyperkeratosis, sometimes associated with trauma. When
the trauma arises from the ingrowth of the nail, considerable
soft tissue hypertrophy can result, with repeated infection
(gv. ingrowing nails).

The proximal nail fold has three parts. [ts upper aspect is nor-
mal glabreus skin, providing no direct influence upen the nail
plate. At the point where its distal margin meers the nail plate it
torms the cuticle (eponychium). In health, the curicle adheres
firmly te the dorsal aspect of the nail plate, achieving a seal. Its
disruption may be associated with systemic disorders {collagen
vascular) or local dermaroses. In the latter it may be the avenue
of contact allergens or microbes. The ventral aspect of the prox-
imal nail fold is apposed to the dorsal aspect of the nail. It con-
trasts with the adjacent marrix by being thinner, with shorter
rete ridges and having a granular layer. Keratins expressed in
the preximal nail fold may differ on its dorsal and ventral
aspects and can conteast with expression elsewhere in the nail
unit {de Berker et 2/, 2000; sce ‘Nail growth’ below).

The proximal nail fold has significance in four main areas:

1 It may contribute to the generation of nail plate through a
putative dorsal matrix on its ventral aspect.

2 It may influence the direction of growth of the nail plate by
directing icabliquely over the nail bed.

3 Nail fold microvasculature can provide useful information in
some pathological conditions.

4 When inflamed it can influence nail plate morphology as seen
in eczema. psoriasis, habit tic deformity and paronychia.

The first two issues are dealt with in the section on nail
growth (see *Nail growth’ below), the latter under vasculature
(see ‘Vasculature’ below) and dermatological diseases and the
nail {sec Chapter 5}.
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Immunchistochemistry of periungual tissues

Keratins

The most extensive immunchistelogical investigations of the
nail unit have utilized keratin antibodies, The nail plate (Lynch
et al. 1986; Heid et al. 1988), human embryonic nail unit {(Heid
et al. 1988; Moll et al. 1988; Lacour et al. 1991), accessory digit
nail unic {de Berker et al. 1992, 1999; Sinclair ¢t af. 1994) and
adulr nail unir {Haneke 1990; Lacour et al. 1991; de Berker
et al. 2000} have all been examined.

Using the antibody 34BE12, Haneke (1990} demonstrated
positivity of the basal two-thirds of the matrix. This antibody
detects keratins 5, 10 and 11, indicating the presence of one or
more of these ar this location. Using monospecific antibodies,
de Berker et al. {1992, 2000) detected keratins 1 and 10 io a
suprabasal location in the matrix and noted their absence from
the nail bed (Fig. 1.14)} {(sec ‘Nail growth" above and ‘Nail plate’
below). Keratins 1 and 10 are ‘soft’ epithelial kerarins found
suprabasally in normal skin (Purkis et af. 1990} and characrer-
istic of cornification with terminal keratinocyte differentiation.
Their absence from normal nail bed is reversed in disease where
nail bed cornificaton is often seen, alongside development of
a granular layer and expression of keratins 1 and 10 {de Berker
et alf, 1995}, The development of a granular layer in subungual
tissues can be interpreted as a pathological sign in nail his-
tology, seen in a range of diseases and probably associated with
changes in keratin expression (Fanti et ¢l. 1994},

Ha-1 is found in the matrix. Ha-1 is a ‘hard’ keratin. Keratin
7 has been found at other sites in the nail unit and hair follicle,
whereas Ha-1, detected by the monoclonal anri-keratin anti-
hody LH TRIC 1, is limited to the matrix of the nail (Fig. 1.15)
and the germinal matrix of the hair follicle (de Berker et af.
1992, Westgate et al. 1997), Keratin 19 is probably not found
in the adult matrix (Moll er al. 1988; Haneke 1990; de Berker
et al, 2000). However, Moll et al, {1988) did detect kerarin 19
at this site in 15-week embryo nail unirs. Keratin 19 is also

K6, 16, 17

K1, 10,5, 14 K5, 14

K6, 16, 17

K1, 10,
K1, 10, 5, 14 5,14
Ha-1 K6, 16,17

at tips

Fig. 1.14 Distributon of keratins i the human periungual and subungual tissues.
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found in the outer root sheath of the hair follicle and lingual
papilla (Heid et af. 19881,

The co-localization of hard and soft keratins within single
cells of the matrix has been observed by several workers in
bovine hoof [Kitahara & Ogawa 1993) and human nail
(Kitahara & Ogawa 1994, 1997, de Berker ef al. 2000}, sug-
gesting that these cells are contributing both forms of keratin to
the nail plate. This dual differentiation continues inte in vitro
culture of bovine hoof matrix cells (Kitahara & Opgawa 1994).
Culture of human nail matrix confirms the persistence of hard
kerarin expression {Picardo et al. 1994; Nagac et al. 19951,

Markers for keratins 8 and 20 are thought o be specific to
Merkel cells in the epidermis, Positive immunostaining tor
these keratins has been noted by Lacour ef af. (1991} in adult
nail matrix and de Berker ez af. (2000} in infant accessory digirs.
Some workers have failed 10 detect Merkel cells and whilse it
seems likely thar they are present in fetal and voung adult
marrix, it may be that the cells are less commen or absent as
people age (Boot er al. 1992},

The nail bed appears to have a distinet identity with respect
to keratin expression. Keratins 6, 16 and, to a lesser degree, 17
are all found in the nail bed and are largely absent from the
matrix {de Berker ef af. 2000}. This finding has gained chnical
significance with che characterization of the underlying faule
in some variants of pachyonychia congenita where abnormalit-
ies of nail bed keratin lead to a grossly thicknened nail plare,
Mutations in the gene for keratin 17 have been reported in
a large Scotrish kindred with the PC-2, or Jackson-Lawlor,
phenotype [Munro ef af. 1994; McLean ef af. 1995}, There isa
cross-over with steatocysroma multiplex where the same muta-
tion of keratin 17 may cause this phenorype which appears
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to be independent of the specific keratin 17 mutation {Corden
& Mclean 1996; Hohl 1997; Covello et af. 1998). Mutations
m the gene coding for Kéb produce a phenotype seen with
K17 gene mutations (Smith et af. 1998). Mutations in the Kéa
{Bowden et al. 1995)and K16 {McLean et al. 1995) genes have
been reported in PC-1, originally described as the Jadassohn-
Lewandsky variant of pachyonychia congenita,

Expression of keratins 6, 16 and 17 extend beyvond the nail
bed ento the digit pulp and are thought to macch the physical
characteristics of this skin which is adapted to high degrees of
physical stress (Swensson ef al. 1998). In particular, expression
of keratin 17 is found at the base of eprdermal ridges, which
might also support the idea thar this keratin is associated with
stem cell funciion.

Non-keratin immunobistochemistry

Haneke {1990] bas previded a review of other important
immunchistochemzcally detectable antigens. Involucrin is a
pratein necessary for the formation of the cellular envelope in
keratinizing epithelia, It is strongly positive in the npper two
thirds of the matrix and elscwhere in the nail unit (Baden 1994)
and weakly detected in the suprabasal layers. Pancornulin and
sciellin are also detected in the marrix {Baden 1994} The anri-
body HHE3S s considered specific to actin. It has been found to
show a strong membranous staining and weak cytoplasmic
staining of matrix cells (Haneke 1990},

In the dermis, vimentin was strongly positive in fibroblasts
and vascular endothelial cells. Vimentin and desmin were ex-
pressed in the smooth muscle wall of some vessels. $100 stain,
for cells of neural crest origin, revealed perivascular nerves,
glomus bodies and Meissner’s corpuscics distally.

Filaggrin could not be demonstrated in the matrix in
Haneke's work or by electron microscopy (Heid et al. 1988).
Heowever, Manabe and O'Guin {1994) have detected the co-
existence of rrichohyalin and filaggno n monkey nail, located
in the area they term the ‘dorsal matrix® which is likely to cor-
respond to the most proximal aspect of the human nail maerix
as 1t merges with the undersurface of the proximal nail fold.
Kitahara and Ogawa (1997) have identified Rlaggrin in the
human nail in the same location and (’Keefe et al. (1993) have
found tnichohvalin in the ‘ventral mareix” of human nail, which
1s synonymous with the nail bed. Manabe noted that these two
proteins coexist with keratins 6 and 16, which are more chat-
acteristic of nail bed than marrix, [t is argued that filaggrin
and trichohyalin may act to stabilize the intermediate filament
nerwork of Ké and K16, which are normally associated with
unstable or hyperproliferarive staces.

The plasminogen activator inhibitor, PAIl-Type 2, has been
detected in the nail bed and matnix where it has been arguoed
that it may have a role in protecting against programmed cell
death (Lavker et al, 1998).

The basement membrane zone of the entire nail unit has
been examined, employing a wide range of monoclonal and
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Tahle 1.2 Analysis of nail unit basement membrane zone using monoclonal and polyclonal antbodies.

Digit 1

Nail apparatus

- Proximai
Fold hatrix Bed HN phalangeal skin

Mong. Ab

LHT:2 + + + + +

L3d + + + - +
Collv + + + - +

GE3 + + + + +

LH24 + + - + +

LH39 + + + + +

GDA + + + + +
Tenascin + + + + &

ab + + + + +

G s + + +

Poly. Ab

Fibronectin - - - - -
Laminip + + + - +

B2 220 kD2 + + + + +

EBA 250 kDa - + + ' £

LAD 285 kDa + [ + -~ +

LAD 7 kDa + + + + +

iyt 2

Wail apparatus Digit 3

Fold Matrix Bed HN Split skin Intact skan
+ + + + Ca] +
+ + + + ep +
+ + + + epi +
+ + + + em +
+ + + + e +
+ * + + ep +
+ + + + epl +
+ + + epl +
+ + + + e -
+ + + + api +
s + + + derm +
+ * - + ep +
+ + + + derm +
¥ + + + epl +
+ + + + derm +

HM, Hyponychium

polyclonal antibodies (Sinclair et al. 1994). Collagen VII,
fibronectin, chondroitin sulphate and tenascin were among the
antigens detected. All except tenascin were present in a guantity
and pattern indistinguishable from normal skin, Tenascin was
absent from the nail bed, which was attributed to the face that
the dermal papillae are altered or considered absent (Table 1.2},
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Nail plate

The nail plate is composed of compacted keratinized epithelial
cells. [t covers the nail bed and intermediate matrix. It is curved
in both the longirudinal and transverse axes. This allows it to be
embedded in nail folds at its proximal and lateral margins,
which provide strong atrachment and make the free edge a use-
ful tool. This feature is more marked in the toes than the fingers.
In the great toe, the lateral margins of the mairix and nail
extend almost half way around the terminal phalanx. This pro-
vides strength appropriate to the foot (Fig. 1.16).

The upper surface of the nail plate is smooth and may have a
variable number of longitudinal ridges that change with age.
These ridges are sufficiently specific ro allow forensic identifica-
tion and the distinction between identical twins (Diaz et al.
1990). The ventral surface also has longitudinal ridges that
correspond to complementary ridges on the upper aspect of the
nail bed {see *Nail bed’ above) to which it is bonded (Fig. 1.17}.
These nail ridges may be best examined using polarized light.
They can also be used for forensic identification {Apolinar &
Rowe 1980}, as may blood groups from fragments of nail plate
(Garg 1983}

Fig. 1.16 Nail plate association with soft tissue and
bane in the finger and toe. {a] In the finger, the nail plate
has modgst transverse curvature and shailow association
with soft tissues (b} In the great toe, the nail plate has
mare marked transverse curvature and deep soft tissue
association Thes makes it strang—appropriate to the
font—bt also acceunts for the tendency 1o ingrow and
the need for deep lateral exprpanon at Jatesal
matricectimy.
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Fig. 1.17 Scanning electran micrograph of the nail bed demonstrating
Iongtudinal fidges.

/m

Fig. 1.18 Shaded areas represent 7-day periods of nail growth, separated by 1 month
with transitian of nail from hanzontal to oblique axis gver 4 months.,

The nail plate gains thickness and density as it grows distally
{Johnson et al. 1991) according to analysis of surgical speci-
mens. In vivo ultrasound suggests that there may be an 8.8%
reduction in thickness distally {Finlay et al. 1987). A thick nail
platc may imply a long intermediate matrix. This stems from
the process whereby the longitudinal axis of the intermediate
matrix becomes the vertical axis of the nail plate (Fig. 1.18).
Other factors, like linear rate of nail growth (Samman & White
1964}, vascular supply, subungual hyperkcratosis and drugs
also influence thickness.

The tendency to describe a dorsal, intermediate and ventral
matrix, has generated description of corresponding layers of
the nail plate deriving from the different matrix zones, Whether
or not the three demarcations of the nail matrix exist, it is
important to recognize the basic principle that proximal
regions of matrix produce dorsal nail plate and distal martrix
produces ventral nail plate.

Light microscopy

Lewis {1954) described a silver stain thae delineates the nail
plate zones, Three regions of nail plate have heen histochem-

Fig. 1.19 Fungal spores and hyphae can be seen in the stained section of a nail chpping

taken from a nail with onychomycoss.

ically defined (Jarrett & Spearman 1966} {(Fig. 1.15}. The
dorsal plate has a relarively high calcium, phospholipid and
sulphydryl group content. It has liccle acid phosphatase acrivity
and is physically hard. The phospholipid content may provide
some water resistance. The intermediate nail plate has a high
acid phosphatase activity, probably corresponding to the num-
ber of retained nuclear remnants. There is a high number of
disulphide bonds, low content of bound sulphydryl groups,
phospholipid and calcium. Controversy allows that the ventral
nail plate may be a variable entity {Samman 1961). Jarrett and
Spearman {1966) described 1t as a layer only one or two cells
thick. These cells are eosinophilic and move both upwards and
forward with nail growth, With respect to calcium, phospho-
lipid and sulphydryl groups it is the same as the dorsal nail
plate. [c shares a high acid phosphatase and frequency of di-
sulphide bonds with the intermediate nail plate.

Ultrasound examination of iz vive and avulsed nail plates
suggests that it has the physical characteristics of a bilamellar
structure {Jemec & Serup 1989). There is a superficial dry
compartment and a deep humid one. This has been given as
evidence against the existence of a ventral matrix contribution
to the nail plate.

In clinical practice, histology of the nail plate may be uscfui
in the identification of fungal infections in culture-negative
specimens {Haneke 1991; Suarez ef af. 1991} (Fig. 1.19). It may
also be used to identify the dorso-ventral location of melanin in
the nail clipping of a longitudinal melanonychia and hence allow
prediction of the site of melanocyte activity in the intermediare
matrix {Baran & Kechijian 1989; Dawber & Colver 1991).

Germann et al. {1980} utilized a form of tape-stripping in
conjuniction with light microscopy to examine dorsal nail place
corncocyte morphology in disease and health. She found that
conditions of rapid nail growrth {psoriasis and infancy) resulted
in smaller cell size. Sonnex et al. {1991) describes the histology
of transverse white lines in the nail.
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Fig. 1.20 (a} Transmrssian electron miceagraph of the upper part of the nail olate, The
cormeocytes are flattened and joined laterally by infrequent deep interdigitations tbroad
arrow}. (b} The cell membranes between adjacent cell layers are discretely indented and
in parts without invaginations—Thiery's technique. {Courtesy of Professor G. Achten.)

Electron microscopy

Scanning electron microscopy has added to our understanding
of onychoschizia (Shelley & Shelley 1984; Wallis et al. 1991) as
well as basic nail plate structure {Forslind & Thyresson 1975;
[Dawber 1980} In the normal nail corneocytes can be seen
adherent to the dorsal aspect of the nail plate. [n crass-section,
the compaction of the lamellar structure 15 visible. Both these
features can be seen to be disrupted in onychoschizia following
repeated immersion and drying of the nail plates.

Transmission electron microscopy has been used ro identify
the relationship between the corneocvres of the nail plate
{Parent ef al. 1985). Using Thierry's tissue processing tech-
niques, material for the following description has been pro-
vided. Cell membranes and intercellular junctions are casily
discernible {Fig. 1.20). Even though at low magnification one
can differentiate the dorsal and intermediate layers of the nail
plate, the exact boundary 1s unclear using transmissien electron
microscopy. Cells on the dorsal (34 x 60 x 2.2 pm} aspect are
half as thick as ventral cells (40 x 50 x 5.5 um}, with a grada-
tion of sizes in between. In the dorsal nail plate, large intercello-
lar spaces are present corresponding to ampullar dilatations
(Figs 1.21 & 1.22). These gradually diminish in the deeper
layers and are absent in the ventral region. At this site, cells are
joined by complete folds, membranes of adjacent cells appear-
ing to penetrate cach other to form ‘anchoring knots’.

Corneocytes of the dorsal nail plate are joined laterally by
infrequent deep interdigitations. The plasma membranes between
adjacent cell layers are more discretely indented, often with no

Fig. 1.21 {a} Unper part of the nail plate showing ampuilar dilatanans (&), (b Lawer
partof the nail plate showing anchanng knats (K). The anly cell-1o cell coupling observed
{C)is adesmasonie. {Courtesy of Professor G. Achten.)

Fig. 1.22 Upper part of the nail plate as in Fig. 1.20 in greater detail. {Caurtesy of
Professor G. Achten.]

invaginations (Fig. 1.20). [n the deeper parts of the nail plate
the interdigitations are more numerous, but more shallow
{Fig. 1.20). No tight gap junctions are seen in either of the major
nail layers in this series (Parent ¢t al. 1985), although they
were identified previously by Forslind and Thyresson (1975).
The intercellular material 1s homogenecous and separated fram

(a)

(b)

(a)

(b)
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Fig. 1.23 Comeacytes of the lowest part of the nail plate {Lp} sending aut rumerous
digitations (D} penetrating the hyponychial nail bed cells {H). (Courtesy of Professor G,
Achten )

the cell membrane by two thin electron-dense lines. The
space between the cell membranes varies from 25 nm to 35 nm
(Figs 1.20 & 1.22). No complete desmosomal structures are seen.

Nail bed cells show considerable infolding and mter-
digitation at their junction with the nail plate cells (Fig. 1.23).

They are polygonal and show no specific alignment. They are
between 6 and 20 pm across and show neither tight ner gap
junctions. They do, however, have desmosomal connections of
the type seen in normal epidermis. (Fig. 1.24),

Cells of the hyponychium are distinguished from the nail
plate on the basis of morphology, staining affinities and size.

Using different preparation techniques, other workers have
demonstrated other anatomical details. On the cytoplasmic side
of the cell membranes of nail plate cells lies a layer of protein
particles {Hashimoto 1971a,b; Caputo et al. 1982). Other
staining techniques suggest that the single rype of intercellular
bond described by Parent et af. (1985) may be a spot desmo-
some {Arnn & Stochelin 1981).
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Vascular suppTy

Arterial supply

The vascular supply of the finger is considered in detail here.
Many of the anatomical principles may be extended to the
anatomy of the foot and toe, whilst details can be sought else-
where (Warwick & Williams 1973).

The radial and ulnar arteries supply deep and superficial
palmar arcades that act as large anastomoses between the two
vessels. From these arcades extend branches aligned with the
phalanges. Four arteries supply each digit, two on either side.
The dorsal digital arteries are small and arise as branches of the
radial artery. They undertake anastomoses with the superficial
and decp palmar arches and the palmar digital vessels before
passing distally into the finger. The palmar digital arteries
provide the main blood supply to the fingers. They receive
contributions from the deep and superficial palmar arcades.
Although paired, one is normally dominant (Smith et al.
1991a). They anastomose via dorsal and palmar arches around
the distal phalanx. The palmar arch is located n a protected
position, bencath the maximal padding of the finger pulp and
tucked into a recess behind the protruberant phalangeal bass
(Fig. 1.25). This is of functivnal value as it protects against
occlusion of the blood supply when the fingers exert main-
tained grip.

The dorsal nail fold arch {(superficial arcade) lies just distal
to the distal interphalangeal joint. [t supplies the nail fold
and extensor tendon insertion. It is tortuous, with numerous
branches to the intermediate nail marrix. Its transverse passage
across the finger can be roughly located by pushing proximally
on the free edge of the mail plate. This produces a faint
crease about § mm proximal to the cuticle and is both the cul
de sac of the proximal nail fold and the line of the dorsal nail
fold arch.

Distal subungual arcade

Proximal subungual artery (arcade)

Superficial arcade

Digital artery

Fig. 1.25 Anterial supply of the distai finger.
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The subungual region is supplicd by distal and proximal
subungual arcades, arising in turn fram an anastomosis of the
palmar arch and the dorsal nail fold arch. A helpful study on
adults and fetuses was performed by Fhnt (1955} and more
recently by Wolfram-Gabel and Sick {1995).

The tortuosity of the main vessels in the finger is a notable
feature. Vessels may turn through 270° and resemble a coiled
spring {Smith et al. 1991a). Functionally, this can be inter-
preted as protection against occlusion by kinking in an articu-
lated longitudinal structure.

Venous drainage

Venous drainage of the finger is by deep and superficial systems.
The deep system corresponds to the arterial supply. Superfici-
ally, there exist the dorsal and palmar digital veins. These are in
a prominent branching network, particularly on the dorsal
aspect. However, in the microsurgical techniques needed to
restore amputations, it appears that distally, the palmar super-
ficial veins are largest (Smith ez al, 1991h}.

Although the arterial supply to the nail unit is substandial, the
matrix will tolerate only limited trauma before scarring {Zaias
1967). A longitudinal biopsy of greater than 3 mm is likely to
leave a permanent dystraphy. Equally, it appears to need a pre-
cise, not just abundant, blood supply. Non-vascularized split
thickness nail bed grafting is moderately successful for the nail
bed, but not for intermediate matrix (Pessa et af. 1990), This is
in the presence of otherwise adequare local biood supply at sites
of previous trauma, Toenail matrix grafts can be made suc-
cessful if they are transplanted with associated soft tissue and
a venous pedicle (Nakayama et af. 1990}, The local arterial
supply is then anastomosed through this pedicle.

Effects of altered vascular supply

Impaired arterial supply can have a considerable effect upon
the finger pulp and nail unit. Lynn et af. {19535) claimed that
there was almost complete correlation berween occluded arterio-
graphic findings and the presence of paronychial infection or
ulceration, ridged brittle fingernails or phlyctenular gangrene.
Samman and Strickland {1962) reviewed the nail dystrophies of
41 patients with features of peripheral vascular disease. In this
uncontrolled study, he observed that onycholysis, Beau's lines,
thin brittle nails and yellow discoloration were all attributable
to ischaemia in the absence of other causes. It has also been sug-
gested that congenital onychodysplasias may resule from digital
ischaemia fn wtero {Kitayama & Tsukada 1983). Immobiliza-
tion might be associated with diminished local blood supply
and has been noted to reduce nail growth (Dawber 1981). Con-
versely, the increased growth assaciated with arteriovenous
shunts may reflect the role of greater blood flow (Qrentreich
et al. 1979). Clubbing constitutes a change in both the nail and
nail bed. Tt 1s believed that ir arises secondary to neurovascular
pathology. Post-mortem studics suggest that it is due to in-

Fig. 1.26 Capillary loaps
wisible in the proximal nail
fold, NP, nanl plate;

€, cuticle,

creased biood flow with vasodilatation rather than vessel
hyperplasia (Currie & Gallagher 1988).

Nail fold vessels

The nail fold capillary network (Gilje et af. 1974] is seen easily
with a x4 magnifying lens, dermatoscope or an ophthalmo-
scope. With the latter it should be set at +40 and the lens held
very close to a drop of oil on the nail fold. It is similar 1o the
normal cotaneous plexus in health, excepr that the capillary
loops are more horizontal and visible throughout their length.
The loops arc in tiers of uniform size, with peaks equidistant
from the base of the cuticle (Fig. 1.26) (Ryan 1973}. The venous
arm is more dilated and toriueus than the arrerial arm. There is
a wide range of morphologies within the normal population
{Davies & Landau 1966). Features in some disorders may be
sufficiently gross to be useful without magnification; ervthema
and haemorrhages being; the most obvious.

In the first 10 years of life, the patiern of nail fold vessels
is immature (Basserga et al. 1996). Microscopy of small vessels
in adulthood can be of diagnostic value in some connective
tissue diseases (Buchanan & Humpston 1968; Granier e al.
1986). Pathological fearures include venous plexus visibiliry,
density of capillary population, avascular fields, haemorrhages,
giant capillaries and cessation of bloed flow following conling.
When determined quantitatively, using television microscopy,
Studer found it possible to distinguish between systemic and
disseminated cutaneous lupus erythematosus, and berween
localized and systemic sclerosis {Studer ez ¢f. 1991). In patients
with undifferentiared connective tissue disease, it may be pos-
sible to predict which will progress to systemic sclerosis by un-
dertaking quanritative analysis of nail fold vessel dimensions.



The larger the vessels the more likely that the condition is going
to progress (Ohrsuka ez af. 1598). The mechanism of dilated
vessel evolution may in part arise from impaired fibrinolysis,
macroglobulinaemia and cryoglobulinaemia (Ryan 1973).

Fibrinogen may increase in subjects in renal failure on con-
tinuous ambulatory peritoneal dialysis. This has been proposed
as a cause for the changes seen in nail fold vessels of such
patients in proportion to abnormalities of urea and uric acid
clearances {Schumann ez al. 1996). Nail fold vessel changes
may also occur in psoriasis and appear to correlate with nail
pitting, onycholyis and periungual psoriatic plaques {Ohtsuka
et al. 1994). However, it can be imagined rhar clinical or sub-
clinical elements of cutaneous psoriasis may represent the
underlying change in vessel partern.

The capillary nerworks in the normai nai! fold of toes and
fingers have been compared using video-microscopy. It has
revealed a greater density of capillaries in the toe nail told, but
with a reduced rate of flow {Richardson & Schwartz 1984).
The exact pattern of an individual’s nail fold vessels can be used
as an identifying characteristic {Krylova & Soboleva 1995}

Intravenous bolus doses of Na-fluorescein dye have been fol-
lowed through nail fold microscopy {Bollinger et al. 1979).
There is rapid and uniform leakage from the capillaries in nor-
mal subjects to within 10 pm of the capillaries. It is suggested
that a sheath of collagen may prevent diffusion beyend this
point, The same procedure has been followed in patients with
rheumaroid arthritis demonstrating decreased flow rates and
abnormal flow patterns, but no change in vessel leakage (Grassi
et al. 1989},

Nail fold microscopy has been used for the investigation of
Raynaud's phenomenon (Mahler ef al. 1987). It is possible to
assess vascular toxicity affecting nail fold vessels following
chematherapy, using the same method {Hansen et af. 1990).

Ultimately, histological information on the vessels and rissue
of the nail folds may be helpful. The technique and bencfits of
nail fold biopsy have been described (Schnitzler ef al. 1976).
Amyloid deposits, subintimal hyalinosis and severe dermal
fibrosis are cited as usefu! supplementary information yielded
by biopsy.

Glomus bodies

The term glomus is defined as a ball, tuft or cluster, a small con-
glomeration or plexus of cavernous hicod vessels. In the skin it
is an end organ apparatus in which there is an arteriovenaus
anastomosis bypassing the intermediary capillary bed. This
anastomosis includes the afferent artery and the Sucquet-
Hoyer canal. The latter is surrounded by structures including
cubeidal epithelioid cells and cells possibly of smooth muscle or
pericyte origin (Zimmerman type). These are surrounded by a
rich nerve supply and then the efferent vein which connects
with the venous system outside the glomus capsule.

The nail bed is richly supplied with glomus boedies and
their presence in histological specimens should be interpreted in
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this context, rather than assuming that their abundance has
some pathological significance. These are neuravascular bodies
which act as arteriovenous anastomases { AVA}), AVAs are con-
nections between the arterial and venous side of the circulation
with no intervening capillaries. Each glomus body is an encap-
sulated oval organ 300 um long composed of a tortuous vessel
uniting an artery and venule, a nerve supply and a capsule. It
contains many modified large muscle cells, resembling epithe-
lioid cells and cholinergic nerves. Digital nail beds contain
93-501 glomus bodies per cm?, They lie parailel to the capillary
resevoirs which they bypass. They are able to contract asyn-
chronously with their associated arterioles such that in the cold,
arterioles constrict and glomus bodies dilate. They can thus
serve as regulators of capiilary circulation, acquiring the name
‘the peripheral heart of Masson® {Masson 1937). They are par-
ticularly important in the preservation of bleod supply to the
peripheries in cold conditions.

Nail bed infarcts and splinter haemorrhage can be seen in a
range of systemic disorders and local mechanical and dermato-
logical abnormalities {see below).

Nerve supply (Fig. 1.27}

The periungual soft tissues are innervated by dorsal branches
of paired digital nerves. Wilgts and Maxwell (1979 stated
that the digital nerve is composed of three major fascicles sup-
plying the digit tip, with the main branch passing under the nail
bed and innervating both nail bed and matrix (Zook 1988).
Winkelmann {1960) showed many netrve endings adjacent to
the epithelial surface, mainly in the nail folds.
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Comparative anatomy and function

The comparative anatomy of the nail unit can be considered
from two aspects. There is the comparison of the nail with other
ectodermal structures and most particularly hair and its fallicle.
The nail can also be viewed in an evolutionary setting alongside
the hoof and claw. In this respect the functional qualisies of the
nail or its equivalent are exemplified by the morphelogical dif-
ferences in different species. The human nail can be considered
te have many mechanical and social functions, the most prom-
inent of which are:
¢ fine manipulation;
e scratching;
e physical protection of the extremity;
e avehicle for cosmetics and aesthetic manipulation.

In comparison with other species, the first three functions
have evolved with detailed physical medifications in the form
of the hoof, claw and nail.

The nail and other appendages

An appendage is formed through the interaction of mesoderm
and ectoderm, which in differentiated states usually means the
interaction berween dermis and epidermis. Those appendages
most closely related to nail include hair and tooth. There are
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many shared aspects of different appendages, illustrated by dis-
eases, morphology and analysis of the biological constituents,

Congenital abnormalities of hair, tooth and nail coexist in
several conditions underlining their common ground. Ectoder-
mal dysplasias represent a group of disorders in which these
appendages as well as eccrine sweat glands, may be affected in
association with skin changes.

In some conditions only two of the appendages scem to be
affected, such as the hair and nail changes described by
Barbareschi ez al. (1997) or tooth and nail changes in the
hypodontia and nail dysplasia syndrome {Witkop tooth and
nail syndrome) {Murdoch-Kinch et af. 1993; Garzon & Paller
1996). Alternatively, the same genetic defect, such as a muta-
tion in the genc for keratin [7, may underlie two separate
diseases where the nail is abnormal in onc phenotype and
hair follicle in the other (Smith et al. 1997). Presumably an
additional factor determines which of the possible phenotypes
prevails.

Whilst inter-relationships
appendages, further common ground can be defined in terms
of morphology. Achten (1968} noted that the nail umt was
comparable in some respects to a hair follicle, sectioned
longitudinally and laid on its side (Fig. 1.28}. The hair bulb was
considered analogous to the intermediate nail matrix and the

diseases  illustrate between

cortex to the nail plate, As a model to stimulate thought, this
idea is helpful. It also encourages the cansideration of other
manipulations of the hair follicle thae might fit the analogy
more tightly. The nail unit could be seen as in Fig. 1.28, as
an unfolded form of the hair follicle, producing a hair with no
cortex, just hard cuticle. Scanning electron microscopy of the
nail confirms that its structure is more similar to compacted
coticular cells than cortical fibres. A third model could rep-
resent the nail vnit as a form of follicle abbreviated on one
side, providing a modified form of outer root sheath te mould
and dircet nail growth in the manner of the proximal nail fold
(Fig. 1.28). The marrix and other epithelial components of
rooth can be seen in a similar comparative light and even the lin-
gual papilla which shares some keratin expression with the nail,
shows some morphological similarities with the nail and hair
follicle {(Manabe & OQ’Guin 1994). In pachyonychia congenita
where alopecia is found, transverse sections of scalp follicles
reveal dyskeratosis of the outer root sheath, attracting compar-
isons with the nail bed (Templeron & Wicgand 1997).
Canstituents of some appendages, such as keratin and ericho-
hyalin, are both specific in their physical attmbutes and specific
to certain appendages. A considerable amount of biochemical
work on hair and nail illustrates this point. [n one study {Dekio
& Jidot 1989} cwo-dimensional electrophoresis was used to
determine the presence of nine keratins in human hair and nail.
Those of molecular weights 76, 73, 64, 61 and 55 kDa were
common to hair and nail. One camponent of 61 klda was
specific to hair, and two components, bath with a molecutar
weight of 50 kDa, were specific to nail. Further definition of
these proteins was given by Heid ef af. (1988} who employed
gel electrophoresis, immunoblotting, pepride mapping and
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complementary keratin binding analysis. Heid found that
whilst nail plate contained both ‘soft’ epithelial and *hard’
hair/nait keratins, plucked hairs contained only the latcer, By
contrast, ‘soft” epithelial keratins could be detected in the hair
follicle and coexpressed with *hard® kerarins in a pattern also
seen in the nail matrix, Although rhese *hard’ keratins are found
in small amounts in the embryonic thymus and lingual papilla,
they can generaliy be thought to be a fearure of the hair/nail
differentiation. Common ground between the lingual papilla
and nail is demonstrated in the nail dystrophy of dyskeratosis
congenita, where there are oral changes including changes in
expression of keratins of the lingual papillae (Ogden et al.
1992).

The proposal that different appendages have common paths
of early differentiation was pursued further by Lynch et al.

Fig. 1.28 Models of hair fallcle/nail unit homalogy.

Fig. 1.29 Localization of immunoreactivity of the hard

keratin Ha-1in {aj the anagen hair follicie (200}, (b} the
nail unit {107 and (c) the human lingual papdla {(x500}.
{After Westgate ef af. 1987}

{1986} who suggested that the precursor cells of hair cortex and
nail plate share a major pathway of epithelial differentiation.
She felt thar the acidic 44 kDa/46 kDa and basic 56-60 kDa
*hard® keratins represent a coexpressed keratin pair that defines
hair/nail tissue.

More recently, immunochistochemistry with monospecific
antibodies has facilitated mapping cut the distribution of cer-
tain hard keratins such as Ha-1, found in hair follicle, nail
matrix and lingual papilla {Westgate ez al. 1997) (Fig. 1.29),

The character of the nail plate and hair has led to their use in
assays of circulating metabolites. They both lend themselves to
this because they arc long-lasting structures that may afford
historical information. Additionally, their protein constituents
bind metabolites and they provide accessible specimens. This
allows both hair and nail to be used in the detection of systemic
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Hoof
Matrix

View
Fig. 1.3¢ Comparison of hoof, nail and claw and their

b Distal
‘a' phalanx

Claw

Distal phalanx Distal phalanx

matiix {red] origing,

metabolites which may have disappeared from the blood many
weeks previously (see ‘Exogenous materials in nail analysis’
below,

Phylogenetic comparisons

The structure of claws and hooves and their evolutionary rela-
tionship to the human nail has been well reviewed (Spearman
1978). In higher primates, nails have developed with the acqui-
sition of manual dexterity. Other mammals do not possess such
flattened claws from which nails have evolved. {Fig. 1.30),

The lowest evolutiomary level at which claws are seen is in
the amphibia {Lucas & Strettenheim 1972). The matrix con-
tributes the greatest mass to the nail plare in man and other
primates, with a lesser contribution from the dorsal and nail
bed matrices. Claws (Karo 1977) are formed from an extensive
germinal matrix, which occupies the erritory of the nail bed in
primates. It is sometimes deseribed as comprising a dorsal and
ventral component (Mueller er af. 1993}, where differential
growth of these components is responsible for the curve, The
orientation of the matrix and hence growth of nail, may be
influenced by the shape of the undeclying pbalanx (Kato 1977).
It is postulated that their sharp tip 1s produced by a dominant
midline marrix.

Claws are significantly more three dimensional than nails
and this is achicved by the coronal distribution of matrix tissue
around the terminal phalanx. If this is recognized, the compar-
isons between other hard keratinized animal appendages such
as horns and beaks becomes obvious. All these structures share
physical and biochemical attributes specific to their biological
character and function. In some respects the upper beak has
more in common with the morphology of the nail than do claws
and comparisons have been made in bath structure and con-
stiruents between beak and claw (Gillespie et al. 1982). The dis-

orders of claws presenting to one university veterinary service
demonstrated a preponderance of trauma and bacterial infection
{Scoct & Miller 1992} (Table 1.3). This differs from dermato-
logical experience 1n humans where complaints are usually
attributable to dermatoses such as psoriasis or eczema or to
fungal infection.

Claws and talons are harder than nails, probably because
of the content of calcium as crystalline hydroxyapante within
keratinocytes (cf. human nails; Pautard 1964}, A study of ony-
chomadesis {nail shedding) in dogs looked at mineral con-
stiruents of normal claws, human nails and the hooves of cows
and pigs (Harvey & Markwell 1996). It appears that there is no
particular pattern of homology between different species in this
respect (Table 1.4},

Orientation of keratin microfibrils may contribute to their
strength. Fooricr-transform Raman spectroscopy shows that
bird and reptiie claws are made up mainly of f-sheeted keratin
in contrast to the predominantly a-helical kerarin conforma-
tion of human nail keratin {Akhtar & Edwards 1997).

Table 1.3 Proportion of diagnoses of dogs with disorders of the claws from a study of
196 affected dogs, (Adapted from Scott & Miller 1992.)

Diagnosis % of cases
Bacterial paromychia 355
Trauma 22
Neoplasia 14

Furgal 4

Lupond 4

Bullous disorder 4
Demodicosis 1
Systermic llness 0.5
Idiopathic 15
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Table 1.4 Mineral content (expressed as mg/kg, standard error in parentheses).
(Adapted from Harvey & Markwell 1996}

Mineral Dog claw Porcine hoat Bovine hoof Human nail
Calcium 7783 1699 (50} 1481 {25} 671(806)
Magnesium 238021 220{1D) 300011 100121
Iron 268{31) 73(8) 1701 29164}
Potassium 430153} 1050 (30} 785(53) -
Sodum 676 (50) - 5231186) 2400 (1800}
Copper 6.3{0.5) 4.6{013 831{0.3) 29(89)
Zing 129(5) 160 {4} 128010 106 (154)

Claws and nails bave more in common with each other than
they do with hooves. However, the bovine hoof has provided a
useful source of research tissue for experiments on colecaliza-
tion of hard and soft keratin expression in matrix cells and the
characteristics of matrix cells in tissue cultore (Kitahara &
QOgawa 1994). Hooves have evolved to provide a ‘bulky claw’
for weight bearing and locomotion over hard ground {Sisson &
Grossman 1953). It is interesting that among the prosimians,
tarsiers have nails on all digits apart from the 2nd and 3rd digits
of the hindlimb which bear claws {(Spearman 1978). In haoves
the nail fold and root have been displaced backwards with a
forwards extension of the nail bed, The hard ‘soft plate’ under
hooves is produced from an area equivalent to the subungual
part of the claw. In some animals, cloven hooves have only
developed on the digits that touch the floor. In horses, the single
large hoof is produced from the 3rd digit. The typical hoot
shape is due to a deep, backwardly placed root matrix with
the venrral plate formed from the subungual epidermis. The
microfibrils in hooves are from 25 to 100 wm in diameter. The
orientation of the fibrils is along the main axis of the hoof, sim-
ilar to the hair cortex.
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Fig. 1.3t Theories of nail plate origin.

Physiology _
Nail growth

Definition of the nail matrix

in the first section we have attempted ro define the matrix
in anatomical terms, assisted by histology and immunchisto-
chemistry illustrating regional differentianon within the nail
unit and in particular with respect to keratin expression. These
measures provide indirect information on aspects of nail pro-
ductian and help us to address the central question of which tis-
sues produce nail plate and which simply support and surround
1. There 15 considerabic biological and clinmical relevance to this
point, given that the focus of embryogenesis, damage repair
and discase processes are better understood i the exace location
of nail formation is established. The location or existence of
nail matrix tumours is often poorly defined because there is a
lack of awareness of the site and pivotal role af nail matrix dis-
turbance in the creation of abnormal nail morphology. Equally,
diagnostic biopsies or sampling can be misdirected if the likely
source of nail abnermalities is not recognized at the outset; a
clear prognosis following surgery or trauma cannot be given
unless the clinician understands the relative coniributions of
the nail matrix and nail bed.

In spite of the importance of the question, controversy
remains as to the relative contribunons of the three putative
nal matrices ro the nail plate. The three contenders are the dos-
sal, intermediate and ventral matrix (Fig. 1.31). The first is part
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of the proximal nail fold, the latter is the nail bed. Lewis {1954)
claimed that the nail plate demonstrated a three-layer structure

on silver staining and that each layer derived from one of the
possible matrices. This remains one of the indirect histological
methods of defining the matrix which have been supplemented
by more direct measures of nail plate productions.

Mavkers of matrix and nail bed profiferation

Zaias and Alvarez {1968) disagreed with Lewis on the basis of
in vivo autoradiographic work on squirrel monkeys, where
dynamic aspects of the process were being examined. Tritiated
thymidine injected into experimental animals was only in-
corporated into classical matrix (or intermediate matrix to use
Lewis's terminology). Norton used human subjects in further
autoradiegraphic studies {Norton 1971} Although there was
some incorporation of radiolabelled glycine in the area of the
nail bed, it was in a poorly defined location, making clear state-
ments impossible,

More recent immunohistochemical techniques have aflowed
us to examine proliferation markers in human tissue, without
the drawbacks of antoradiography. Antibodies 1o proliferating
cell nuclear antigen and to the antigen K1-67 associated with
cell cycling, have been used on longitudinal sections of healthy
and diseased nail units {de Berker 8 Angus 1996), Both markers
demonstrated labelling indices in excess of 20% for the nail
matrix in contrast with 1% or less for the nail bed in healthy
tissue, In psoriatic nail and onychomycosis, the labelling index
of nail bed rises to >29%. Whilst these indices do not directly
measure nail plate production, a very low index for normal nail
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bed is consistent with other studies suggesting that the nail bed is
an insignificant player in normal nail production, The situation
may change in disease and the definition of nail plate becomes
difficult when substantial subungual hyperkeratosis produces a
ventral nail of indeterminate character (Samman 1961).

Nail plate indicators of matrix location

Johnson et af. (1991, 1993} dismissed the evidence of Zaias,
claiming that the methodology was flawed. She examined nail
growth by the measurement of change in nail thickness along a
proximal to disral longitudinal axis. She demonstrated that
21% of nail plate thickness in traumatically lost big toenails
was gained as the nail grew over the nail bed. This was taken as
evidence of nail bed contribution ro the nail plate.

A similar study developed this observation with histology of
the nail plate taken at fixed reference points along the longi-
tudinal nail axis and comparing nail plate thickness at these
sites with numbers of corneocytes in the dorso-ventral axis of
the nail {de Berker et af. 1996). The result of this was to confirm
the observation that the nail plate thickens over the naii bed bur
that this is not matched by an increase in nail cells. In facr, the
number of cells reduces by 10%, but this was not of statistical
significance. These combined studies may be reconciled if we
propose that the shape of cells within the big toenail becomes
altered with compaction as the nail grows, This is likely where
clinical experience shows thart the nail develops transverse rip-
pling where there is habitual distal trauma,

If the loss of nail cell numbers alorg the nail bed is a genuine
observation, it might suggest that they are being shed from the
nail surface. This is compatible with the status of nail plate as
a modified form of stratum corneum. Heikkiid et af. (1996)
provides evidence in support of this where nai! growth was
measured by making indentations on the nail surface and meas-
uring the change in the volume of rhese grooves as they reach
the free edge. There was a reduction of volume by 30-35%,
which was taken as evidence of a nail bed contribution to the
nail plate. However, this interpretation is less believable than
the possibility that the nail is losing cells from the surface, and
histology of grooves in a similar study shows that this is likely
10 be the case (de Berker 1997},

Flow cytometry of matrix cells

Haneke and Kiesewetter {unpublished data) have performed
flow cytometry on matrix cells obtained during surgical lateral
matrixectomy for ingrowing nail. This demonstrated 94% of
the matrix cells were in GO/1 phase, 3.4% in § phase and 2% in
G2 + M phase. The corresponding values for matrix connective
tissue cells were 96.6% for GO/1, 2.3% for S and 1.1% for G2
+ M phases. The differences berween matrix cells and associ-
ated connective tissue were statistically significant. It suggests
that the percentage of cells in the phase of DNA synthesis and
mitasis (S plus G2 + M phases) in the nai! matrix is much lower

than that of hair matrix cells and equals that of the cells in the
hair root sheath. However, the values may have been underestim-
ated in this experiment if the matrixectomies failed to sample
the most basal matrix cells as can happen in this operation.
Also, this technique was not applied to distinguish nail bed
from matrix and does not directly address the issue of which
tissucs are primarily involved in nail plate production.

Ultrasound as a tool to define nail matrix

Ultrasound studies of the nail plate have done little to support
the notion that the nail bed contributes significantly to its sub-
stance {Finlay et al. 1987; Jemec & Serup 1989). Jemec claimed
that the nail plate had a clear two-part structure, none of which
appeared to come from the nail bed, Finlay observed that the
nail plate had a more rapid ultrasound transmission distally:
paradoxical if one imagines a nail bed contribution. This last
comment is almost diametrically opposite that of Johnson et al,
{1991).

Clintical markers of matrix location

The clearest demonstration of nail generation is the effect of
digit amputation at different levels. Trauma within the lunula is
more likely to cause icreparable nail changes than chac of the
nail bed {Nishi ez af. 1996). This observation is true for adults
and children alike, although the likelihood of normal regrowth
1s greater in children with similar trauma (Libbin & Neufeld
1988). Longitudinal biopsies of the entire nail unit within the
midzone of the nail are said to cause a chronic split if the width
of the biopsy exceeds 3 mm (Zaias 1967). However, there are
several factors m addition to the width of the biopsy that can
contribute to scarring with longitudinal biopsies and smaller
biepsies in the midzone can also give long-term problems.

In some circumstances, most commaenly old age, there is
a pattern of subungual hyperkeratosis associated with nail
thickening whch gives the impression of a nail bed contribution
to the nail plate. Historically, this has been referred to as the
solehorn (Fig. 1.32) and considered a germinal element of the
hypoaychium, Samman considered this issue in the context of 2
patient with pustular pseriasis {Samman 1961). He concluded
that the ventral nail is a movable feast, manifesting itself in cer-
tain pathological circumnstances.

Normal nail morphology

The main issues in normal nail morphology are: why is it flac?
and why is the free edge rounded and not pointed? Factors
influencing nail plate thickness are dealt with earlier (see *Nail
plate” above).

Why does nail grow out straight?

The first question was addressed in an article by Kiigman
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Figg. 1.33 Change in shape and direction of the celts within the epidermis and the nail
matrix. {Aftar Kligrman 1961.)

(1961} entitled, “Why do nails grow ont instead of up?”. His hypo-
thesis was that the praximal nail fold acts to mould the nail as it
moves away from the matrix giving an oblique growch path.
From observing nther keratinizing epithelia, he noted that growth
is normally parallel o the axis of keratinization, From this, he
considerd it anomalous that nails grow out along 1he nail bed
and not upwards (Fig. 1.33). A patient with the nervous habit
of chewing off the proximal nail fold did not provide an ade-
quate experiment to demonstrate its funcrion. However, when
given the opportunity to autograft S-mm matrix punch biopsies
from digit to forearm, nail tissuc was seen to grow upwards
like a cutaneous horn. This was presented as proof of the
hypathesis,

Baran was in disagreement {(Baran 1981}, and presented
evidence from surgical experience in the removal of the prox-
imal nail fold and the lack of subsequent change in the nail.
He aiso challenged the validity of Kligman's experiment on the
basis that the underlying terminal phalanx has a great influence
upon nail growth {Baran & Juhlin 1986) and this was lest in
transplanting the graft to the arm. Further examples of ectopic
nail growth do not resolve the issue (Kikuchi et al. 1984} and
the relevance of acquired bone and nail changes occurring in
tandem has its own litcrature. Carpal tunnel syndreme can
result in abnormal nails alongside acroosteolysis and ischaemic
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skin lesions (Tosti ef al. 1993). The reversal of many of the
skin and nail features on treatment of the carpal tunnel com-
pression suggests a neurovascular origin to both nail and bone
changes in this pattern of acroosteolysis. Where the actiology of
the osteolysis is rermed idioparhic, there are also nail changes
(Todd & Saxe 1994)_ It seems unlikely that these cases repres-
ent a specific influence of bone upon nail formation, but rather
that both structures are responding to some undefined agent.
There are a wide range of primary disorders in which secondary
osteolysis and altered nails are recognized complications {Todd
& Saxe 1994,

All the models demonstrating the influence of the different
periungual tissucs and bone npon the nail are flawed. Those
above do not acknowledge the adherent quality of the nail bed
as an influential factor, or the the guiding influence of the lateral
nail being embedded in the lateral nail folds. The role of the nait
bed becomes manifest in psoriasis affecting the toes where the
combination of subungual hyperkeratosis and trauma can pro-
duce upward growing nails in the presence of an apparently
normal proximal nail fald. It is reasonable with our preseat
knowledge to consider horizontal nail growth as being atrribot-
able to more than onc part of the nail unit {Fig. 1.34).

What determines the contour of the free edge?

The second issue s why are natls rounded and not pointed? This
has generally been accepted as being a function of the shape of
the lunula, as illustrated in Fig. 1.35. The mechanism of this
is scen in Fig. 1.34. Given that nails are growing continuously
thraughout life, it is possible to argue that we rarely see the true
free edge, but ohserve the eroded or manicured outline,
However, there are two instances when we see the genuine free
edge; at birth and with regrowth following avulsion {Fig. 1.36).
These appear o tollow the margin of the Junula. Finally, the
nail bed may have some role in determining the shape of the free
edge. Trauma to the nail bed can result in nail plate dystrophies
giving the free edge a scalloped contour. This can be corrected
with naul bed grafes (Pessa et al. 1990).
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Fig. 1.35 Relationship of lunula to nail tip shape,
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Nail growth measurement

The literatare an nail growth has relied on quantification. A
range of methods have been employed, mostly requiring the
imprint of a fixed reference mark on the nail and measuring its
change in location relative to a fixed structure separate from the
nail after a study period. Gilchrist and Dudley Buxton {1938)
made a transverse scratch about 2 mm from the most distal
margin of the lunula. This distance was then measared using a
rule and magnifier, Changes in the distance with time provided
a record of growth rate. There have been variants of this, wirh
the scratch being made ar the convex apogee of the lunula and
subsequent measurements made with reference te the lunula
{Hillman 1955), or alternatively making a scracch a fixed 3 mm
from the cuticle and noting the change with time (Dawber
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(a)

Fig. 1.36 (a-d}Regrowth of the fingernail ollowing
traummatic avulsian The free edge s parallel ta the funula. (©

1970a) (Fig. 1.37). The precision of these methods was in-
creased by the introeduction of magnified photographs before
and after, and comparison of the photographs (Babcock 1955},
This was modified further by Sibinga {1959} who increased the
photographic magnification from a factor of 6 to 35, This made
it possible to conduct studies of nail growth over a penod as
short as 1 month.

Babeock {1955) understood che problems in the methods
mnvolving the lunula and cuticle as reference points, as they both
might conceivably change during the study. The method sug-
gested for overcoming this was inventive, but unacceptable
these days for ethical reasons, The nail was marked with a deep

(b)

(d)

scratch which was then flled with bismuth amalgam. This
made it radio-opaque and allowed comparison with the under-
lying bony reference points on X-ray. A follow up X-ray, after
re-filling the scratch with amalgam, allowed growth estimation.
The concern over variation in the-non-nail plate reference point
can be partly surmounted by using two reference points and
possibly halving the error. This can be done by making a
scratch at the tip of the lunula and measuring the distance to the
distal limit of the nail plate attachment, visible through the nail
plate, Subscquent measurements are made from boch the lunula
and the edge of nail plate attachment. Their sum should atways
be equal as a way of verifying the methnd (Fig. 1.38).
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Fig. 1.37 V-shaped mark etched on nail for nail growth measurement {Dawber 1970a).
Ariow points ta posterior nall fold reference pmint. Mote the absence of a cuticle.

Surface imaging of the nail, exploiting natural icregularities,
can be wsed in licu of marks placed by the observer. This has
been reported by de Doncker and Piérard (1994} in a study of
nail growth during itraconazole therapy. The technique was
not pushed to its fuil potential, as enly clippings and not the
cntire 7 vivo nail plate were assessed. It was thought that lon-
gitudinal nail growth increased during therapy because surface
beading became more spaced apart.

All these methods involve escimation of linear growth. As
a measure of rotal matrix activity this could be misleading.
Hamilton sought to measure volume by the following equarion
{Hamilton et al. 1955):

Thickness {mm) x breadth {(mm}) x length grown per day
= volume

Johnson also tried to measure volumetric growth with respect
to lincar growth, ignoring time (Johnson et af, 1991). This
entailed the measurement of thickness and mass at different
powts in the avulsed nail plate. The method presumed that
linear measurements in the longitadinal axis of the nail plate
were proportional to time and that no element of compaction
complicated the issuc.

Attempts 1o measure volume take on particular significance
in disease states provoking Beau’s lines. In a condition where

the bulk of the nail is manifestly affected, measurement of lin-
ear growth alone may give misleading resules (Fig. 1.39).

Van Noord measured the length and weight of clippings
(P.A.H, Van Noord, personal communication},

Physiological factors and nail growth

Most studies concern fingernails, Their rate of growth can vary
between 1.9 and 4.4 mm/month {$ibinga 1959). A reasonable
guide is 3 mm/month or 0.1 mm/day. Toenails are estimated
to grow around 1 mm/month. Population studies on nail
growth have given the general findings that there is little
marked seasonal change and najls are unaffected by mild inter-
current illnesses (Hillman 1935; Sibinga 1939, The height or
weight of the individual made no sigificant difference (Hillman
1955; Hewitt & Hillman 1966). Sex makces a small difference
in early adulthood, with men having significantly (P < 0.001)
faster linear nail growth up to the age of 19 (Hamilon et af.
1955). They continue to do so with gradually diminishing
significance levels, up to the age of 69, when there is a cross-
over and women’s nails grow faster than males. There is
rough agreement from Hillman in an earlier study, although he
found that the crossover age was around 40 {Hillman 19535).
However, males continued to have a greater rate of nail growth
throughout life if volume was measured, and not length
{Hamilton er al. 1955). Children under 14 have faster growth
than adults.

Pregnancy may increase the rate of nail growth (Hewitt &
Hillman 1966) and poor nutrition may retard iv {Gilchrise &
Dudley Busxton 1938).

Temperature is an influence with unclear effects. Bean
{1980) kept a slightly idiosyncratic record of his own fingernail
growth by making a scratch at the free edge of his cuticle on
the first day of each month for 35 years. His record showed
a gradual slowing with age. It ininally showed a seasonal
variation with heightened growth tn the warm months. This
variation became less marked with age, combining with a
move from lowa to Texas where seasonal contrasts are
reduced. Other studies to determine the influence of tem-
perature have compared nail growth rates for people in
temperate and polar conditions, An original study in 1958

(a) (b) (c) (d)

Fig. 1.38 Methods of nail growth measurement.

{a) Reference, cuticle; growth 8 — A; c magnifier, Dawber
{1970a). (b} Reference, lunula, growth, B; Hillman {1955):
¢ = G reference phota, Babeack (1955), ¢ = 35 reference
phato, Sihinga {1959). {¢) Reference, lunula; growth,

B — &; ¢ magnifier, Gilchrist & Budley Suxtor {1938}

(d} Reference. cuticle and nail attachment margin;
growth, {B" ~ A7 + [A” ~ B”W2; verification by A" + A™
(e) =8+ B” (e} Reference, bone feature on X-ray, bismuth

amalgamin nail scatch; growth, depends on landmark.




Fig. 1.39 Side view of a nail wath Beau's line, ndiating the change in nail bulk

(Geoghegan et al. 1958) found that nail growth was signifi-
cantly retarded by living in the Arctic. Subsequent studies from
the Antarctic found that there was no change in nail growth
{Donovan 1977; Gormly & Ledingham 1983). These studies
are not scientific, and it is unclear whether they are commenting
on the improvement in thermal insulation since 1958 or nail
physiology.

Nail growth in disease

Systemic disease

Insufficient numbers of seriousty ill people have been followed
as part of a larger study to give good staustical evidence con-
cerning the influence of disease on nail growth. There is plenty
of evidence from small numbers thar some severe systemic up-
sets disturb nail formation. The cbservations of Justin Honoré
Simon Beau in 1836 (Weismann 1977) detailed the develop-
ment of transverse depressions upon the nails of people surviv-
ing typhoid. The torm of nail growth interference represented
by Beau’s lines is seen in many conditions {see Beau’s lines in
Chapter 2). Severe illness in the form of mumps has been noted
10 bring linear growth to a standstill (Sibinga 1959}, Other
acute infections are quite vaniable, with 10 cases of acute febrile
tuberculosis failing to have significant effect (Sibinga 1959).
[n the same study, chronic nephrosis produced exceptionally
slow nail growth. Paradoxically, they also found that cadavers
appeared to continue the growth of their nails in the 10 days
post mortem during which they were assessed. The effect of
death was less marked than mumps; something adults with
mumps might agree with.

Local disease

Local diseases can influence nail growth. Dawber et al. (1971}
noted that onycholysis was associated with increased nail
growth. This was true whether it was related to psoriasis or

SCIENCE OF THE NAIL APPARATUS 33

Fig. 1.40 Effect of therapy an nail growth in psonasis (Dawhber 1970b).

idiopathic. It is interesting thar psoriasis may also produce
Beau’s lings and so reduce the bulk of the nail. It is not even
clear whether Beau’s lines represent a reduction in lincar growth.
They have been noted after retinoid therapy, and yet this group
of drugs has been noted to increase nail growth in psoriasis
(Galosi ef al. 1985). The surface morphology of the nail in a
Beau’s line reflects a change in rate of nail plate production in
different zones in the matrix and a loss of co-ordination with
longitudinal growth; it is a product of pathology in space and
time. Perhaps a nail that is growing faster is unable to accumu-
late bulk. Qther systemic psoriasis treatments may reduce the
rate of nail growth {Dawber 1970b) (Fig. 1.40}.

Trauma may also influence nail growth, where wrist frac-
tures arc the most commaon example. Details of nail and local
hair growth have been recorded in instances of reflex sym-
pathetic dystrophy where Beau’s lines and hypertrichosis on
the dorsum of wrist, arm and hand may coincide. [t is not clear
whether the nail changes represent increased or decreased
growth in these circumstances. Hypertrichosis indicates an
extension of anagen, such that hairs thar might normally fall
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Faster

Slower

Daytime

Pregnancy {Hewitt & Hillman 1966)

Miner trauma/ranl biting {Gifchnist & Dudley Buxton
1938; Hamilton gt af 1955)

Right hand/dorminant

Youth

Fingers

summer {Bean 1980)

Middle finger

Men

Psonasis [Landherr ef af. 1982)
pitting (Dawber 1970a)
narmal naits (Dawber 19704}
arycholyss (Dawber et . 1971}
Pitynasis rubra pilans {Dawber 1980}
Erretinate (Baran 1982)
Idiopathic onycholysis of women {Dawber et af 1971)

Hyperthyrowdism (Orentreich et af 1979)
-DOPA {Willer 1973)

AY shunts (Orentreich o7 af 1979)
Caloumdvitamun D {Hagan et ' 1984}

Khight
15t day of ife (Schmick 1208)

L eft hand/nan-dominant

0ld age (Hamilton et al. 1955)

| oes (Ffister & Heneka 1969)
winterizold {Raberts & Sandlorg 1958)

Trumb and little finger (LeGros Clark & Buxton 1938:

Orentreich et ad 1979}

women (LeGros Clark & Buxton 1938;
Hamilton et af, 1955}

Finger immobilization (Dawber 1981}
Fever [Sibinga 1959

Heau's ines (Weismann 1977]

IMethotrexate, azathigprine (Dawber 19700)
Liretinate {Baran 1982}

Ienervation (Head & Sherrin 190%)

Focr nutrition {Gilchrist & Dudley Buxton 1938;

Yellow nail syndrome (Samman 1378)
Relapsing polychondritis (Fstes 1981

Table 1.5 'rfluences or nail growth.

Beepxaprafen (Fentos W rgps T98T)

out at 5 mm or less, become longer and may gain a greater
diameter. It does not necessarily mean that the hairs are grow-
ing faster and so in common with Beau's lines it represents a
change in the pattern of appendage growth rather than a simple
alteration of rate.

Immobility alone may result in a reduction in rate of nail
growth and whilst this factor prevails after wrist fraceure, reflex
sympathetic dystrophy entails significant changes in blood
supply that may have their own effects.

Table 1.5 includes influcnces upon nail growth that are
reported, but not always of statistical significance.
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Table 1.6 Different methods of nail constituent analysis.
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Electron mroscopy Cystine
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Colonmetry Fe

I\, Exogenous matenats

Starmic absorption spectometry

Mass fragmentography

Gas chromatography

Flow inection hydnde generation atomic

Metamphetamine
Amphetarnine, cocaine
Arsenic

absarption spectrametry

IIl. Bilogecal markers

High perfarmance higuid chromatagraphy
MiCToscopy Lipid; 1nglycende
Adsarptior driferentiz! pulse vohametny P

Enzymic assay Sterond sulphatase

Neutron activabion analysis ing, selenium

Cd, Pb, Zn, Ca, Cr. Fe, Cu, Mn, NI, Co, Ma, K

Furasine (glycasylated keratin), terinafine

Griadecka et al. 1998

Head et al, 1988

Kaneshige et al. 1992, Tahir & Watson 1995
Salamon et 1388

Sirota eral 1988; Forshnd 1970

lacobs & lenkins 1960
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Suzuki et af 1989
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Nail plate biochemical analysis

Methods of analysis

A great range of methods have been used to analyse the organic
and morganic contenc of naiis. Table 1.6 gives a guide, indicat-
ing how particular methods are appropriate for different
constituents.,

Nail proteins

From Table 1.6 on analytical methods it is clear thar a con-
siderable number of endogenous and exogenous materials can
be sought in the nail plate, The protein mesh into which the
elements At is made primanly of the intracellular protein
keratin. The highly ordered structure of the protweins in the nail
plate helps explain the degree of chemical and physical resist-
ance in contrast to the characteristics of skin. The proteins of
hair and nail alike have extensive folding maintained by
extremely stable disulphide bonds. Although these bonds
can also be found ro a lesser extent in the stratum corneum of
normal skin, they have a different geometry in the two sites as
demonstrated by Raman spectroscopy. This is expressed as
gauche~ganuche-gauche for bair and nail and gawche-gauche-
trans for stratum corneum {Gniadecka et al. 1998), The lacter is
less stable. The altered geometry of disulphide bands and the
extreme folding of protein molecules in hair and nail resulis ina
different degree of hydration. The looser structure of skin
allows more free water, whereas the structure of hair and nail
allows very little. This contrasting degree of hydration means
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that skin is capable of sustaining metabolic processes not seen
in nail {Gniadecka et al. 1998). Keratins and the associated pro-
teins fall into the following caregories:

¢ low sulphur proteins (40-60 kDaj;

¢ high sulphur proteins (10-25 kDa);

* high glycineftyrosine proteins {(6=9 kDa).

[t is believed that the low sulphur keratins form 10-nm
filaments and the latter two groups of proteins form an inter-
filamentous matrix. The diversity of keratins within humans
and herween different species lies in the permutations of these
three proteins {Gillespie & Frenkel 1974) and the diversity of
the keratins themselves. Over 30 high sulphur proteins have
been identified in human nail by pelyacrylamide gel electro-
phoresis {Marshall 1980},

Nail plate keratin fibrils appear orientated in a planc paralle!
to the surface and in the transverse axis (Forslind $970), They
fall roughly into an 80: 20 split between ‘hard’ hair type
{trichocyte) keratin and ‘soft’, epithelial keratin {Lynch et al,
1986). These two variants are similar in many respects and
share an X-ray diffraction pattern of o-helices in a coiled
conformation, also confirmed using Raman spectroscopy
(Grniadecka ef afl. 1998). Hard keratins split into the classical
association of acidic and basic pairs, with extensive amino acid
homelogies with the epithelial forms {Hanukeglu & Fuchs
1983). In spite of regions of homology, the *hard' and ‘soft’
kerating are distinguishable by immunochistochemistry (Lynch
et al. 1986; Heid ez al, 1988; Westgare of gl, 1997). The relative
resilience of the two groups of keratins is also reflected in their
solubility in 2-mercaproethanol. At S0 mmal/l. concentrations,
only epithelial ‘soft’ keratins arc extracted from nail clippings.
The concentration needs to be raised to 200 mmol/L before
significant guantities of *hard’ keratin dissolve (Kitahara &
Opawa 1991}

The main lipid of nail is cholesterol. The total fat content
15 0,1-1%, contrasting with the 10% found in the stratum
corneum. The water content is less than that of skin, being
7-12% compared with 15-25%,

Mineral constituents of nail

X-ray diffraction is one of the best tried methods of elemental
nail analysis. Much of the initial work was done by Forslind
{1970}, He observed thar the hardness of the nail plate is
unlikely to be due to calcium, which the analogy with bone has
suggested. Detailed resumés of normal nail mineral content
have been made (Zaias 1990).

Much interest has been demenstrated in the analysis of nails
as a source of information concerning health, A significant
increase in the nail content of Na, Mg and P was noted in a
survey of 50 patients with cirrhosis (Djaldetti ez al. 1987). [n
a comparison of term and preterm infants, a decrease in
aluminium and sulphur was found in term deliveries. The high
aluminium content in prererm infants was considered of pos-
sible relevance to the osteopenia observed in this group (Sirota

eral. 1988). Copper and iron have been observed at higher levels
in the nails of male 6-11 year olds in comparison with females
{Alexiou et af, 1980). Iron levels in the general population were
found to be equal in men and women, but higher in children
and highest in the necnate { Jacobs & Jenkins 1960).

Biological markers in nail plate

In some respects, nail analysis can be compared with a bload
test, bur involving the examination of a less labile source of
information. Analysis of chloride in nail clippings of a juvenile
control pepulation and those suffering cystic fibrosis, revealed
a significant increase of chloride, by a factor of §, in the latter.
This has led 1o rthe suggestion of *screening nail by mail® for
inaccessible regions, where sending nails would be relatively
easy.

The glycosylated globin malecule, used for estimation of
long-term diaberic conrrol, has been used as a model in studies
measuring nail furosine in diabetes mellitus. The nail fructose-
lysine content is raised in this disease and has shown a correla-
tion with the severity of diabetic retinopathy and neuropathy
{Oimomi et af. 1985). Nail furosine levels have also shown a
sood correlation with fasting glucose and may even compete
with glycosylated haemoglobin as an indicator of long-term
diabetic centrol (Sueki et al. 1989).

Steroid sulphatase and its substrate, cholesterol sulphate,
have been assayed in the nails of children being screened for
X-linked ichthyosis and found to have adequate sensitivity and
accuracy to be usetul {Djaldetti ef al. 1987; Matsumoto ef al,
1990; Serizawa et al. 1990), Sudan 1V-positive material in nails
has been measured as a guide to scrum triglveerides {Salamon
ctal. 1988).

Selenium is a trace element critical for the activiry of glu-
tathione peroxidase, which may protect DNA and ather cellu-
lar molecules against oxidative damage. High concentrations
are seen o protect against the action of certain carcinogens in
some animal models and consequently s role in human can-
cers has been explored. Analysis of the seleniam levels of dif-
ferent rat tissues suggest that blood selenium may be the best
indirect measure of liver selenium and nail selenium may best
reflect whole body levels and the level in skeletal and heart
muscle {Behne et al. 1996), Nail selenium levels in those being
screened for oral cancer {Rogers ef al. 1991} and carcinoma of
the breast {Dialdetti e al. 1987; van den Brandt et af. 1994
showed no significant differences between affected and control
patients. However, in a prospective study, toenail selenium
levels had a weak predictive value for the development of
advanced prostate cancer, where low levels of selenium predis-
posed to this malignancy (Yoshizawa ef al. 1998), Examination
of a wide range of trace elements in the nails of women with
breast cancer failed to show any difference from normal con-
trols (Garland ef al. 1996} and analysis of nail for zing showed
no significant difference between pellagra patients with low
serum zine and normal controls (Vannucchi et al. 1993}



Nail clippings can be used as a source of DNA which, after
amplification by the polymerase chain reaction, is of forensic
use. Farly work required 20-30 mg of nail (Kaneshige ¢¢ al.
1992} and this figure has decreased to 9 mg, where the DNA for
the HLA-DQa alleles are used to assess homology with blood
samples (Tahir & Watson 1995).

Exogenous materials in nail analysis

Exogenous materials can be considered in two groups: environ-
mental and ingested substances, In the first category, cadmium,
copper, lead and zinc were examined in the hair and nails of
young children {Wilhelm et 4. 1991). This was done 1o gauge
the exposure to these substances sustained in rural and industri-
alized areas of Germany. Both hair and nail reflected the differ-
ent environments, although the multiple correlation coetficient
was higher for hair than nails.

Water taken from wells in arsenic-rich rock has resulted in
arsenic poisoning on a major scale in West Bengal, India over
the last 10 years. About 50% of ingested arsenic is excreted in
the urine, smaller amounts in the faeces, hair and nails, Nail
analysis has heen used in the Bengal population as well as
in other populations suffering arsenic poisoning. Levels were
estimated using flow injection hydride generation atomic
absorption spectroscopy which allows analysis using very small
samples and enables comparisens between different tissues. The
Bengal experience suggests that there are similar concentrations
in hair and nail, with a trend towards higher concentrations in
the latter {Das er af. 1995). During an episode of arscnic
posioning in Alaska, the level of arsenic in nail was four times
that found in hair {Harrington et al. 1978). A study in New
Hampshire, USA, found that in subjects drinking from arsenic-
rich wells, there was a doubling of toenail arsenic for a 10-fold
rise in water arsenic content {Karagas et af, 1996).

The features of arsenic poisoning were different in Alaska
and Bengal, with far more cutaneous and systemic signs of tox-
icity in the Bengal pepulation in spite of similar levels in body
tissues. This was attributed to coexistent dictary deficiencies
and ill health in the Bengalis.

In addition to hair and nail, teeth can also act as indicators
of long-term unwanted substances and, in particular, heavy
metals. One account suggests thar hair reflects a period of
2-5 months, nails 12-18 months and teeth a far longer period
measured in years [Nowak 1996). These figures are likely to be
subject to the length of the hair, the site of nail sampling {toe vs,
finger) and the age of the subject.

Nickel analysis has been performed to establish occupational
exposure {Gamelgaard 8 Anderson 1985},

The use of forensic nail drug analysis has been reperted by
the Japanese where over 20 000 people were arrested for the
abuse of methamphetamine in 1987 {Suzuki e al. 1984, 1989).
It was found that the drug entered the nail via both the marrix
and nail bed. Chronic drug abusers conld be distinguished from
those with a single recent ingestion by scraping the undersur-
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face of the nail betore analysis. This would remove the nail bed
contribution and the drug it contained in the ‘one-off’ abuser.

Simultanecus hair and nail analysis has been performed to
compare the capacity of the tissues to reflect chronic drug abuse
in those taking cocaine {Miller et al. 1994) and amphetamines
{Cirimele et al. 1995). Miller et al. {1994) found that concentra-
tions of cocaine and its derivatives were higher in hair than in
nail, whereas Cirimele e af. {1995) found that the concentra-
tions of amphetamings and its metabolites were similar in both
tissues, Analysis of nail clippings from the newborn by pas
chromatography—mass spectroscopy can provide evidence of
exposure 1o cocaine during embryogenesis. Given the point of
nail formation, it is likely that the levels will reflect exposure
after the 14th week (Skopp & Pitsch 1997). Inclusion of the
antifungal, terbinafine, via the nail bed has also been observed
(Dykes et al. 1990}, Access of the drug to the nail plate via the
nail bed may be onc of the important facrors allowing effective
therapy to be delivered in less ime than it takes to grow a nail
{Matthieu et al. 1991; Munro & Shuster 1992). In vitro maodels
for the uptake and delivery of terbinafine by nail plate have been
employed to examine aspects of this process (Rashid ez af. 1995).

Following single large doses of methamphetamine, it can be
detected by mass fragmentography in saliva up to 2 days larer,
hair up 1o 18 days and in nail for the next 45 days (Suzuki er af.
1989}, Chloroguine (Ofori-Adjei & FEricsson £985) has also
heen measured in nail clippings for research purposcs up to a
year after ingestion.
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