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Abstract 
In this report, we review several inflammatory infectious and tumoral conditions of the nail unit. We emphasize the anatomic peculiarities of 
such pathologies of the nail unit and provide some required diagnostic criteria. 
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 Introduction 

The nail apparatus has a complex morphology with 
many peculiarities. Some tumors and inflammatory 
conditions are seen exclusively in the nail, such as 
onychomatricoma or ingrown toenails. Other tumoral 
lesions, such as melanoma and its precursors, require 
diagnostic criteria that are slightly different from those 
used for other parts of the skin. Moreover, the morphologic 
information about some pathologic conditions of the nail 
can sometimes be obtained in a nail clipping, a procedure 
that, unlike a surgical biopsy, is considered part of  
the normal life of every individual. However, general 
pathologists are sometimes not familiar with the nail 
structure and its pathology. In the current report, we 

present several inflammatory, infectious and tumoral 
conditions that comprise basic nail pathology in daily 
dermatopathology practice and review many of the 
diagnostic clues of such diseases. 

 Normal morphology of the nail unit 

Found in mammals, nails are specialized appendages 
that perform many functions because of their hard material 
(Figure 1) [1, 2]. The latter is mostly keratin, the main 
component of the nail plate, which is also the largest 
and most exposed part of the nail apparatus. However, a 
complex structure that exists underneath the nail plate 
can exhibit many pathologic conditions. 
 

 

Figure 1 – (A) Macroscopic 
image of the observed nail 
apparatus: LNF – Lateral  
nail folds; L – Lunula; C – 
Cuticle; E – Eponychium.  
(B) Longitudinal section 

showing the matrix (M), the 
nail bed (B), the nail plate (L) 

and the hyponychium (H)  
(HE staining, ×25). 

 

The nail plate is mainly produced by the nail matrix 
trough matrical keratinization. The matrix is made of 
epithelial bulbs that are oriented backwards. It is thought 
that this orientation is responsible for the oblique, rather 
than vertical, growth of the nail plate. The matrix mainly 
consists of two parts: apical and ventral. Both exhibit a 
mixed pattern of epithelial and hair keratin expression [3], 
but the ventral matrix has a well-defined prekeratogenous 
zone, while such area is more diffuse in the apical matrix. 
The prekeratogenous zone is a “V-shaped” region 
encompassing the uppermost cell layers of the basal 
compartment and the lowermost layers of the keratogenous 
zone [3]. It is made of polygonal cells with a clear 

cytoplasm and oval nuclei arranged parallel to the nail 
plate [3]. While the prekeratogenous zone exhibits 
epithelial keratins, the keratogenous zone exhibits both 
types of keratins (epithelial and hair). It is also debated 
the existence of a dorsal matrix, which might be a 
transition zone between the eponichium and the apical 
matrix. Such area of the matrix could actually be made of 
extensions from the apical matrix into the eponichium and 
from the eponichium into the apical matrix. Although 
most of the nail plate is produced by the ventral matrix, 
the apical matrix produces the thin dorsal parts of the 
nail plate [3]. The matrix contains melanocytes, Merkel 
cells and Langerhans cells. 
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The nail bed is comprised of two to three layers of 
epithelium without a granular layer [4]. The nail bed  
is firmly attached to the nail plate above it, but it is 
currently thought that the bed does not produce nail 
plate as it does not have a keratogenous zone [5]. Such 
attachment is partly due to the extreme undulated shape 
of the bed [3, 6]. In spite of such attachment, the plate 
manages to move out while growing, coordinating with 
a slow movement of the bed, parallel to the direction of 
the nail growth [7]. The nail bed, the eponichium and 
the hyponichium exclusively express epidermal keratins 
(no hair keratins) [3]. 

Minor keratinous parts of the plate are produced  
by the isthmus, which is a complex transitional area 
between the bed and the hyponychium. The isthmus has 
a discontinuous thin granular layer [6, 8], as well as a 
peculiar thin compartment of parakeratotic corneocytes 
closely adherent to the ventral surface of the nail plate 
[8]. Such parakeratotic extension is adhered to the nail 
plate but in a less strong way that the adherence evidenced 
between the bed and the plate. Such attachment, however, 
contributes to the distal sealing of the nail apparatus. 

The nail folds seal the nail and protect it from the 
entrance of potentially dangerous agents (Figure 1). Apart 
from their lack of pilosebaceous units, nail folds are not 
morphologically very different from other parts of the skin. 
The hyponchium is considered as the equivalent of the 
infundibulum in a hair follicle: belonging functionally to 
the fingertip and with an epidermal-type of horny layer [7]. 

Last, the nail apparatus also has a support system 
comprised of ligaments that fix it to the subjacent phalanx. 

Melanocytes are evident mainly in the matrix, 
eponichium and nail bed. Even in the matrix, melanocytic 
density is much lower than in the rest of the skin 
(normally ranges from 8 to 17 melanocytes per 1 mm 
stretch of normal nail matrix epithelium) [9]. While 
melanocytes are usually confined to the basal layer in 
the bed, eponichium, and apical matrix, they can show a 
suprabasal location in the proximal matrix, even in the 
prekeratogenous zone beneath the keratogenous layer, 
in the form of single units (never as nests and never in 
the keratogenous zone under normal conditions) [10]. 
However, atypia should be not evident in these pseudo-
pagetoid nests. Because melanocytes in the nail apparatus 
usually do not actively produce melanin in Caucasian 
individuals [11], the nail plate in this group is not 
pigmented. 

 Non-tumor pathology 

Inflammatory conditions 

Spongiotic dermatitis 

Most types of inflammatory dermatitis can involve the 
nail unit, with atopic dermatitis being the most common, 
followed by contact dermatitis [12, 13]. Changes are 
usually more evident in the nail matrix or in the proximal 
nail fold, clinically presenting as color alterations, rugosities, 
or even onycholysis (Figure 2). The most common features 
are spongiosis and parakeratosis (common in the bed or the 
matrix) with exocytosis of lymphocytes and acanthosis 
with a granular layer (Figure 3). Special techniques for 
fungal infections are mandatory to rule out onychomycosis. 

Psoriasis 

Ungual involvement by psoriasis occurs in up to 50% 
of cases, although it is evident in up to 80% of patients 
with psoriatic arthritis [14]. Moreover, in 10% of cases, 
ungual involvement can be the only manifestation of the 
disease [14, 15]. 

Any part of the nail can be involved in the disease, 
including the matrix, the bed, the hyponychium and the 
nail folds. Since not all these parts are necessarily involved 
at the same time or to the same degree, clinical presentation 
takes many forms. Ungual pitting, onycholysis or sub-
ungual hyperkeratosis, are some examples of how this 
condition manifests [16–18]. 

Ungual pitting is caused by the involvement of the 
proximal matrix with parakeratotic foci on the plate. It is 
therefore neither specific nor pathognomonic for psoriasis 
because it can be seen in the spongiotic dermatitis as well 
as in the lichen planus (Figure 4). When the distal part of 
the matrix is involved, the presentation resembles that  
of leukonychia. On the other hand, since psoriasis usually 
occurs as alternating periods of exacerbation and decreased 
activity, the plate commonly shows transversal lines 
(i.e., Beau lines). If inflammation persists over time, 
longitudinal strikes appear [15]. Another common clinical 
sign of psoriasis is the “oil spot”, which is a brownish 
decoloration of the plate caused by serous exudates [19]. 
The tortuous blood vessels, which are common in the 
superficial dermis, present clinically as lineal hemorrhages. 

The nail bed is the preferred location for biopsy [20] 
because morphologic changes similar to those in the rest 
of the skin are present there (Figure 5). 

However, the nail has peculiarities in this respect: 
spongiosis and hypergranulosis are features more commonly 
seen there than in the rest of psoriasis patients’ skin. 
Indeed, spongiosis is an important indicator in the 
differential diagnosis of psoriasis and onychomycosis. 
Parakeratotic foci will be seen in the superjacent plate. 
Cases that present as oil spots commonly show hyper-
keratosis, parakeratosis and polymorphonuclear exocytosis 
(Munro abscesses) in the matrix or nail bed. The latter 
can show hypergranulosis with elongation of the papillary 
dermis and dilatation of blood vessels, which appear 
tortuous. Perivascular lymphocytic infiltrate coexists with 
histiocytes and occasional neutrophils. The latter can 
penetrate the nail plate, forming micro abscesses. When 
there is onycholysis, the braking line is usually placed 
between the nail plate and the hyponychium with 
neutrophils present in the resulting space. 

Lichen simplex chronicus caused by scratching can 
also be superimposed on all of the morphologic changes 
described above. 

Lichen planus 

Nail involvement is seen in one to 10% of cases of 
disseminated lichen planus [21, 22]. In some cases, the 
nail can be the only involved site. Lichen planus can 
involve the nail matrix, the nail bed or the hyponychium. 

Clinical presentation of this condition commonly 
comes in the form of erythematous papules. If the 
matrix is partially involved, the nail plate will show 
longitudinal strikes (Figure 2). If the matrix is diffusely 
involved, clinical presentation can arise in the form of 
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onychoschizia (fragility of the plate). If the nail bed  
is involved, then the nail can show thickening or 
onycholysis. The latter is usually proximal, which is the 
opposite of the distal onycholysis characteristic seen in 
psoriasis. When the nail is partially involved, it appears 
bent. Melanonychia can also be seen in some cases. 

Although early stages can be reversible, advanced 
stages induce fibrotic onychorrhexis with destruction of 
the nail matrix and permanent deformity. 

Morphologic features are typical of lichen planus 
elsewhere, with hyperkeratosis and hypergranulosis, 

vacuolization of the basal layer and necrotic keratinocytes 
(Civatte bodies) (Figure 6). 

   
Figure 2 – Clinical image of inflammatory conditions 
of the nail: (left) allergic contact dermatitis; (middle) 
lichen planus; (right) Darier’s disease. 

 
Figure 3 – Spongiotic changes in the nail fold with no evidence of fungal organisms in the PAS staining: ×40 (top 
left); ×100 (top right and bottom left); ×200 (bottom right). 

  
Figure 4 – Clinical changes in psoriasis: “oil spot” (left) and nail pitting (right). 
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Figure 5 – Histological changes in psoriasis (PAS staining): (A) Acanthosis with hyperkeratosis (×25); (B) Hyper-
granulosis with tortuous vessels in the papillary dermis (×100); (C) Focal parakeratosis with serous exudates (×200); 
(D) Serous exudates with polymorphonuclear cells (×400). 

 
Figure 6 – Lichen planus showing dermal chronic lichenoid inflammatory infiltrate with denudation of the epithelium 
and a moderate amount of melanophages in the superficial dermis (HE staining, ×100 and ×200). 

However, a peculiarity of the nail’s involvement  
is the evidence of spongiosis with intraepithelial serous 
exudates and parakeratotic foci. Contrary to psoriasis, 
neutrophilic abscesses are not a feature of lichen planus. 
The dermal inflammatory infiltrate is lymphohistiocytic 
and lichenoid. Some melanophages are also seen. 

Bullous diseases 

Darier’s disease 

Clinical presentation of this disease varies, depending 
on the involvement of the proximal nail fold, the nail 
matrix, the distal nail bed or the hyponychium [23]. 
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The involvement of the proximal nail fold commonly 
presents as keratotic papules with suprabasal acantholysis. 
When the matrix is involved, there is a whitish longitudinal 
band on the nail plate, which is caused by parakeratosis 
(Figure 2). When the nail bed and the hyponychium are 
involved, early clinical presentation comes in the form of a 
longitudinal white band. Once the disease progresses, 
there is subungual keratosis, with nail fragility and 
paradoxical nail thickening. The nail bed shows hyper-
plasia with parakeratosis and multinucleated cells. If the 
distal matrix is involved, the typical features of Darier’s 
disease are evident. If the hyponychium is involved, 
there is epithelial hyperplasia with hypergranulosis and 
hyperkeratosis with multinucleated cells. 

Pemphigus vulgaris 

The nail apparatus is rarely involved in pemphigus 
vulgaris, but when it is, the proximal and lateral nail 
folds are mainly affected, with chronic paronychia and 
changes in the nail plate [24–29]. There is suprabasilar 
acantholysis with intercellular deposits of IgG and C3, 
which is demonstrable via direct immunofluorescence. 
If acantholysis involves the nail matrix, the nail plate is 
separated from the subjacent bed. 

Cicatricial pemphigoid 

This disease usually involves both the nail matrix and 
the nail bed, showing separation of the nail plate and 
permanent, scarring deformities of the nail [30]. 

Erythema multiforme 

When the nail apparatus is involved in this disease, 
there can be nail plate detachment with subsequent 
scarring and nail deformity [31]. 

Alopecia areata 

In this form of alopecia, the nail apparatus can be 
involved, showing pitting of the nail plate similar to that 
observed in psoriasis, although the pitting is less deep 
than in the latter. 

Infections 

Fungal infections 

Fungal infections are considered the most common 
disease in ungual pathology [32], with a prevalence of 
nearly 3% of the general population in developed 
countries [33]. This percentage is increased in high-risk 
populations (e.g., swimmers, miners and athletes) due to 
the humid environments in which these activities take 
place. 

Onychomycosis is mainly caused by dermatophytes 
(mainly Trichophyton rubrum, which causes more than 
half of cases), Scytalidium spp. and Scopulariopsis 
brevicaulis [34–37]. In one study on 140 nail samples 
affected by fungal infections [38], 71% of cases were 
caused by T. rubrum and 21% by T. mentagrophytes var. 
interdigitale. 

The clinical presentation of onychomycosis can vary 
greatly (Figure 7) [39]. 

 
Figure 7 – Clinical forms of onychomycosis: (A) 
Superficial white; (B) Subungual; (C) Dystrophic; 
(D) Mixed. 

From a practical point of view, some classical forms 
of onychomycosis are admitted, such as distal and lateral 
subungual, white superficial, proximal subungual, 
paronychial and dystrophic [40]. Among these forms, 
the most common is subungual distal onychomycosis, 
which is seen in 90% of onychomycosis cases [41]. On 
the other hand, subungual proximal onychomycosis is 
the most common fungal infection in immunosuppressed 
patients. It is considered a marker of the progression of 
human immunodeficiency virus infection and is mainly 
caused by T. rubrum [42, 43]. The variance in clinical 
presentation of onychomycosis has diagnostic relevance: 
superficial samples are useful in white superficial 
onychomycosis, where the fungus is found in the 
superficial area of the plate. However, other types of 
presentation usually require deeper biopsies in order to 
demonstrate the presence of the disease’s microorganisms 
because it starts in deep areas of the nail apparatus. 
Onychomycosis commonly presents with the involvement 
of only one nail, although the involvement of several nails 
is not uncommon. In infections caused by Scytalidium 
spp., nail invasion is usually lateral instead of distal and 
can be accompanied by paronychia. Infections caused 
by S. brevicaulis usually present as brown plaque. 
Onycholysis is evident in the advanced stages of 
onychomycosis with no significant nail thickening. The 
result, however, can be permanent loss of the nail plate. 

In distal subungual onycholysis, the epithelium of the 
nail bed or the nail folds appears acanthotic and hyper-
kerathotic, and microorganisms are easily demonstrated 
with Periodic Acid–Schiff (PAS) in the horny layer of the 
nail bed epithelium and in the deepest part of the nail 
plate (Figure 8). Because the superficial part of the plate 
is not involved unless the disease is highly advanced, 
superficial samples from the plate will yield false negatives. 
Subjacent spongiosis is not infrequent. Lymphocytic 
exocytosis is another common feature. 

In proximal subungual onychomycosis, the infection 
invades the proximal nail fold with white plaque. Histo-
pathological examination shows hyperkeratosis with 
serous exudates. 

In superficial onychomycosis, fungal microorganisms 
are evidenced in the external layer of the nail plate, with 
dystrophic changes in the plate that appear fissurated 
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and show parakeratotic foci. Nevertheless, deeper layers 
of the nail plate, as well as the nail bed, do not show 
alterations. 

In fungal onycholysis, detachment of the nail plate 
is evident and fungi are present in the convex surface of 
the nail plate. The nail bed epithelium can sometimes 
show exocytosis of inflammatory cells [44]. Hence, 
molecular techniques are relevant in facilitating a better 
definition of the species responsible for the infection 
[45]. 

Regarding the laboratory techniques used to 
demonstrate onychomycosis, it should be remembered 

that direct microscopy and fungal cultures are often the 
source of false negative results. On the contrary, PAS 
staining of nail clippings have shown very good results 
[44]. Several studies have revealed sensitivity to different 
techniques as follows: PAS 82–92%; culture 53%; direct 
microscopy 48%; potassium hydroxide (KOH) 57% and 
fluorescence brightener 53% [46–49]. When a biopsy is 
examined using a fluorescence microscope to search for 
a fungal infection, it should be remembered that PAS 
staining is not useful. On the other hand, eosin staining 
reveals most of the fluorescence properties of fungal 
microorganisms [50]. 

 
Figure 8 – PAS staining demonstrating many fungal organisms in the nail plate: ×40 (top left); ×200 (top right and 
bottom left); ×400 (bottom right). 

Candidiasis 

Most cases are caused by infection by Candida 
albicans and less frequently by C. parapsilosis [51]. 
The most common form of presentation is chronic 
paronychia, followed by distal and lateral onychomycosis. 
In candidiasis, there usually is a white superficial infection 
of the plate, so scratching the plate is a useful technique 
in diagnosis. Infection by Candida spp. can sometimes 

present as melanonychia [52, 53]. The morphology of 
ungual candidiasis can mimic psoriasis, so special histo-
chemical techniques are very useful in demonstrating 
these microorganisms. Spores and filamental forms are 
evident in C. albicans infection, while only spores are 
seen in C. parapsilosis infection. 

Subungual melanonychia 

This term refers to the dark pigmentation of the nail. 
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It is highly non-specific and applies to many benign and 
malignant causes, and several types of pigment besides 
melanin. It can manifest in any shape, but when it is 
longitudinal, melanin is usually the cause (Figure 9). 
Hutchinson’s sign (extension of the pigment to the 

proximal nail fold) should rule out melanoma. Other 
suspect forms of melanonychia are those located on the 
nail plate of the big toe, such as those accompanied by 
lesions larger than 3 mm or seen in elderly patients. 
 

 
Figure 9 – Longitudinal melanonichia due to melanin (A). Subungual hematoma due to traumatism (B) with evidence 
of blood trapped in the nail plate (C and D) (HE staining, ×40 and ×400). 

Blood pigment 

This is the most common cause of melanonychia, 
which is usually induced by traumatisms (Figure 9). It 
usually does not present as longitudinal melanonychia 
(unlike melanonychia caused by melanin). However, if 
the traumatism is repeated, pigmentation can eventually 
acquire a pseudo-elongated appearance, thus mimicking 
melanin pathology. 

The biopsy shows only degenerated red blood cells 
inside the nail plate (Figure 9). If traumatisms had been 
repeated in quantity or significance, hemosiderin deposits 
could have been observed.  

Exogenous pigmentations 

Smokers’ fingernails are usually yellow. In addition, 
potassium permanganate, which is used by some 
professionals as a treatment for nail fungal infection and 
other inflammatory skin conditions [54], can stain the 
nails and skin brown. 

Most exogenous pigments are diagnosed clinically 
because the results of biopsies are usually deceptively 
normal. However, exceptional exogenous pigment can 
be seen in the nail apparatus, such as in the use of silver 

nitrate, which can appear in the form of dark deposits in 
the nail plate [55]. Nail cosmetics can also be identified 
in nail clippings [56]. 

Pigments caused by infection 

Several bacterial infections can produce dark pigments 
in the nail. These include mainly Gram-negative micro-
organisms, such as Pseudomonas aeruginosa, Klebsiella 
spp. and Proteus spp. [57]. The biopsy will show bacterial 
colonies in the nail plate or sometimes below it (Figure 10). 

Because dermatophytes can produce melanin, they 
are another source of infectious pigmentation [58]. 

Melanin 

Although the nail matrix has a greater density of 
melanocytes, their level is lower than that of the rest of 
the skin. The activity of these melanocytes is low and the 
melanin produced by them is commonly degenerated by 
the matrical keratinocytes. The result is that the nail 
plate is not pigmented in Caucasian individuals under 
normal conditions. Pigmentation can, however, be seen 
if the production of melanin increases to overwhelm the 
keratinocytes’ capacity for degradation. This is caused 
by hyperactivity of the melanocytes or increases in the 
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number of melanocytes [11, 59–61]. Whatever the cause, 
the excess of melanin produced by the matrix usually 
causes longitudinal melanonychia, which runs contrary 
to the irregular pigmentation of the plate and is seen  
in melanocytic alterations of the nail bed. Moreover, 
pigmented alterations of melanin can sometimes be caused 
by dermal melanophages, which often appear under the 
nail due to inflammatory conditions. 

The main benign melanocytic alterations are lentigo 
simplex, melanocytic nevi and melanocytic hyperplasia 
[62]. In lentigo simplex, the melanocytes are increased 
in number, arranged in single units and located mainly 
in the basal layer, but also in the immediate suprabasal 

layer [63]. Mild atypia is compatible with the diagnosis 
of lentigo simplex. Malignant pathological conditions 
are represented by malignant melanoma, either in situ or 
invasive. 

In melanocytic hyperactivity, there is an increase in 
the cytoplasm pigment of individual melanocytes, with 
evidence of pigmented granules in the nail plate and 
suprabasal location of melanocytes. Lentigo shows an 
increase in the number of individual non-atypical 
melanocytes [9] of the basilar layers of the nail matrix 
or the nail bed. In melanocytic nevi, at least some 
melanocytes appear grouped in thecae. 
 

 
Figure 10 – Nail infection with Pseudomonas spp.: (A) Clinical aspect with the typical greenish color of the plate;  
(B) Histological image of the plate with many microorganisms (PAS staining, ×40); (C and D) The microorganisms 
are red with the Gram staining (×40 and ×100). 

Viral warts 

Viral warts are caused by infection by one of the many 
human papillomaviruses, mainly serotypes 1, 2 and 47 
[64]. However, infection by traditional genital serotypes, 
such as serotype 16, has been reported and, in fact, 
serotype 16 is associated with squamous cell carcinoma 
of the nail apparatus. 

Viral warts are contagious lesions among individuals 
and can spread from one area to another in the same 
individual, which is caused by mechanical manipulation 
of the lesion. 

The most common location is in the nail folds 
(Figure 11) because a granular layer is normally found 
in these parts of the nail. Viral warts here usually 
present as verrucous, filiform or dome-shaped lesions. 
The proximal nail fold is less frequently involved, with 

any warts there commonly presenting as painful nodules 
[65, 66] that sometimes induce onycholysis. 

Similarly located in other areas of the skin, viral warts 
are of several morphologic types. Common warts are 
mainly caused by serotypes 2, 4 or 7; plantar warts (also 
known as myrmecias) are mainly caused by serotypes 1, 
2 or 4; and genital warts are mainly caused by serotypes 
16 and 35 and not infrequently exhibit high-grade 
dysplasia. 

Common warts are fibroepithelial papillomatous 
lesions and commonly show a prominent granulomatous 
layer and occasional koilocytic changes. Papillae usually 
show tortuous and dilated blood vessels. Parakeratosis 
in vertical tiers at the tip of the papillae is another 
morphologic sign. Plantar warts show endophytic growth 
with thick eosinophilic keratohyalin granules and 
eosinophilic intranuclear bodies. 
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Figure 11 – (A and B) Clinical image of periungual viral warts. Under the microscope, these lesions usually show a 
papillary conformation with focal parakeratosis on the tips of the papillae (C and F) (×25 and ×200). Two types of 
keratin granules: the eosinophilic thick ones, traditionally seen in myrmecia (D) (×400) and the purple irregular ones, 
usually seen in common wart (E) (×400). 

Ingrown toenail 

This disease is caused by an alteration in the normal 
growth mechanism of the toenail, although the patho-
genesis is not totally understood. It is generally admitted 
that hypertrophic ungual labia folds force the nail into 
the surrounding flesh (Figure 12) [67]. 

   
Figure 12 – Clinical image of ingrown toenail: stages 
1, 2 and 3. 

The outcome is that the nail plate erodes the nail 
folds, thus inducing the fibroinflammatory response of the 
latter. Such a fibroinflammatory reaction is accompanied 
by an epidermal hyperplasia of the nail folds. The grades 
of the inflammatory response and of the epithelial 
hyperplasia are correlated with the clinical grade of the 
disease [68] (Figure 13), with evidence of granulation tissue 
in the most advanced cases. The main morphologic 
problem is not to misdiagnose the advanced stages as very 
well-differentiated squamous cell carcinoma (SCC). In this 
respect, immunostaining with MIB-1 can be of some help 
since it is limited to the basal layer of the epithelial ingrowth. 

 
Figure 13 – Histopathological findings in ingrown 
toenails. In most cases, the lateral nail fold is received as 
a fragmented biopsy. Pseudoepitheliomatous epidermal 
hyperplasia with fibroinflammatory dermal reaction 
varies in intensity in the different clinical stages (PAS 
staining, ×100). 

 Tumoral nail pathology 

Subungual (Dupuytren’s) exostosis 

Subungual exostosis is considered a reactive osteo-
cartilaginous growth that is probably related to previous 
local traumatisms that the patient remembers in up to 
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25% of cases [69, 70]. It originates from the distal phalanx 
or from calcified cartilage, occurring mainly in young 
people (Figure 14). 

Subungual exostosis was first identified by Dupuytren 
in 1817 in the distal phalanx of the big toe, although it was 
later presented as involving other toes [71]. Hutchinson 
described finger involvement in this condition [72]. 

The disease usually presents in the third decade [73] 
and mainly involves the big toe. The tumor has a low 
growth rate over months or even years. It presents as a 
subungual expansile nodule, which is commonly painful 
with nail deformity and occasional ulceration and 
infection. 
 

 
Figure 14 – Subungual exostosis: (A) Radiological image showing a growth on the dorsal part of the distal phalanx. 
The exostosis is made of bone trabeculae and fibrocartilage (B, C and D) (PAS staining, ×25, ×100 and ×200). 

Morphologically, subungual exostosis is a fibrous 
cartilaginous growth attached to the nail bed (Figure 15). 
The cartilaginous areas can secondarily calcify or even 
ossify. The zonation pattern of the lesion is preserved,  
a feature that is highly useful in the differential 
categorization of a benign growth. This is relevant because 
it is not uncommon that the cartilaginous zones show 
certain degrees of atypia as a degenerative phenomenon 
and are therefore not related to malignancy. Moreover, 
in advanced stages, the lesion can erode the subjacent 
phalanx, which might be evaluated by the unaware 
clinician as a malignant infiltration. 

Subungual exostosis should be distinguished from 
osteochondroma [74] (a benign osteochondromatous 
tumor). In the latter, there is a hyaline (not fibrous) 
cartilaginous cap. The differential diagnosis is not trivial 
since cartilage cells with atypia, which is also evident  
in Dupuytren’s exostosis, are usually not found in  
an osteochondroma, so their presence would suggest 
malignant degeneration. On the contrary, as a reactive 
condition, subungual exostosis never degenerates into 
malignancy. 

 
Figure 15 – Periungual melanocytic nevus. 

Nail lentigo 

In this condition, there is an increase in melanocytes 
in the matrix or the nail bed, which are non-atypical and 
disposed of as individual units. There is usually no 
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pagetoid extension. If one is evident, it is mild, focal 
and always caused by non-atypical cells. The normal 
number of melanocytes per square mm is less than 10, 
but in lentigo, this number can usually reach 30. 

Lentigos are not accompanied by subjacent stromal 
inflammatory infiltrate, contrary to early melanoma, or, 
if they are, the related inflammation is mild and focal. 

Melanocytic nevus 

These are benign melanocytic tumors (Figure 15). 
Most types of nevi present in other parts of the skin can 
also manifest in the nail apparatus, including congenital, 
acquired, blue or Spitz nevi. 

Many of the criteria applied to the rest of the skin to 
distinguish a melanocytic nevus from a melanoma are 
also applicable to the nail apparatus. In a didactic report, 
Tan et al. concluded that the most reliable signs in 
distinguishing between nevus and melanoma were the 
following: pagetoid spreading (96% of melanomas vs. 
71% of nevi, especially if comprised of atypical cells); 
cellular atypia (especially when there is either hyper-
chromatic or clear nuclei, with prominent nucleoli and 
variation in the nuclear size. The nuclear size is evaluated 
in comparison to keratinocytes size. The nuclei of 
melanocytes should be smaller than keratinocytes. Other 
worrying cytologic features is the angulated cytoplasmic 
shape) [63]; junctional nests (96% of nevi vs. 64% of 
melanoma in situ); and stromal lymphocytic infiltrate (mild 
and focal in nevi vs. moderate to marked in melanoma) 
[75]. Other criterion that should be taken into account is 
the number of melanocytes: a melanocytic count of 40 
or more per mm favors melanoma in situ [76]. 

When only scattered occasional atypical melanocytes 
are seen, the term “atypical melanocytic hyperplasia” is 
recommended and correlation with clinical findings can 
be useful [63]. A widening of the melanocytic band is a 
suspicious finding. 

A word of caution should be given for the evaluation 
of melanocytic lesions is children and young adults. In 
these nevi, a certain grade of pleomorphism can be 
evidenced and it is not indicative of malignancy, as well 
as some inflammatory response in the dermis. Attention 
should be paid to the fact that there is not confluence of 
atypical melanocytes. Moreover, nuclei are vertically 
oriented and they are smaller than keratinocytes. Also, 
suprabasal migration of single cells, even with 
involvement of the nail plate, can be found. Evidenced 
of melanocytic nests is always a feature that favors 
benignancy. 

As with other skin locations, immunohistochemistry 
contributes little to differential diagnosis between nevus 
and melanoma. SHMB45 staining of the melanocytic 
dermal deep component should be deemed suspicious, 
as well as a dermal proliferation rate (Ki67) of more 
than 2%. Melanocytic markers (HMB45, Melan A and 
S100) are also useful to demonstrate the spread of 
pagetoid nests, if this spread is subtle. 

Subungual melanoma 

Melanoma of the nail is uncommon [77], accounting 

for only 1 to 3% of all melanomas in Caucasian individuals 
[78, 79]. However, its prognosis is worse than melanoma 
in other locations [80, 81]. 

Subungual melanoma usually appears in adulthood 
(mean 60 to 70 years), with a similar incidence in men 
and women [82]. It originates mainly from the matrix, 
which is the part of the nail unit with the highest density 
of melanocytes, although it can also originate from the 
nail bed, nail folds, or hyponychium. Therefore, some have 
suggested that the term “subungual melanoma” should 
indeed be replaced by “nail apparatus melanoma” [78] or 
“ungual melanoma” [79]. Subungual melanoma is equally 
frequent in all races. More than 90% of cases are located in 
the big toe and the thumb [57]. It has been noted in the 
literature that longitudinal melanonychia is a useful 
diagnostic sign, especially if it extends to the proximal 
nail fold (Hutchinson’s sign) [57, 83, 84]. However, this 
presentation is not the most common: subungual melanoma 
usually appears as a subungual nodule or a polypoid 
tumor [75]. They are non-pigmented in about half of cases 
[75, 80, 85, 86] and most apparently pigmented lesions 
that are biopsied under the suspicion of melanoma are 
indeed subungual hematomas. 

The prognosis for this type of melanoma is usually 
poor, mainly due to delayed diagnosis [57, 87–90] 
(Figure 16). Most of these melanomas are not pigmented 
and therefore are not seen as suspect [80, 85, 86]. 
Moreover, it is not uncommon for nail biopsies to be 
suboptimal and therefore non-diagnostic [75]. 

There is no proven relationship between subungual 
melanoma and sun exposure [78, 88]. Moreover, the nail 
plate provides protection from the deleterious effects of 
ultraviolet light [78, 91]. Some publications have related 
melanoma to previous traumatisms, but this relationship 
has not been formally proven [80, 82, 92, 93]. 

The initial morphologic changes in subungual 
melanoma are to in situ lesions, with an increase in the 
number of intraepithelial melanocytes that are already 
atypical and enlarged. Although usually equidistant 
from each other at the beginning, they are irregularly 
distributed later. Although they are basally distributed 
first, they later show up in the form of the suprabasal 
layer spreading, with evidence of small groups of three 
to four cells [9] (however, single cells predominate over 
nests). Cytologic atypia is recognized as an enlargement 
of the nuclei, pleomorphic and prominent nucleoli. 
Although this is not a diagnostic distinction, the presence 
of mitoses can suggest malignancy in the appropriate 
context (Figure 17). 

A confluence of nests is the next step in progression, 
which can sometimes be accompanied by a chronic dermal 
inflammatory response [75]. Contrary to melanoma in 
other locations, pagetoid infiltration is not a determinant 
sign because it can be seen in acral nevi [94]. However, 
if the infiltrating nests or cells are atypical or they reach 
the highest layers of the epithelium, the sign should  
be considered highly suspicious for malignancy [75] 
(Figure 18). 

Most melanomas, however, are not diagnosed when 
these initial subtle changes are seen, but when secondary 
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changes, such as ulceration or infection, appear [95]. 
There is an “ABC” cluster of clinical rules specific to the 
nail apparatus [90], as follows: age between the fifth and 
the seventh decade; African, American, native American, 
or Asian ethnicity; and brown-pigmented bands greater 
than 3 mm in width with irregular or blurred borders. 
Other suspicious signs are rapid change in the aspect or 
size of the lesion; location in the thumb or big toe;  
and Hutchinson’s sign. The latter, however, should be 
distinguished from pseudo-Hutchinson’s sign, which 
can be evident in conditions other than melanoma, such 
as Bowen’s disease [96]. 

Melanonychia is a common form of presentation for 
subungual melanoma. Other rare forms of presentation 
include subungual tumors, nail dystrophy, pseudo-
inflammatory disease and bleeding. 

Usually, all morphologic types of melanoma that are 
described in other parts of the skin can also appear in 
the nail, although acral lentiginous melanoma is the most 
common. The spreading, superficial type is very rare [96]. 

Most cases are diagnosed as levels IV and V of Clark, 
with Breslow thickness over 2 mm [79, 90]. Even so, 
these two prognostic parameters have been considered 
less effective in diagnosing subungual melanoma than for 
other melanoma variants [80, 85]. This is partly because 
of the difficulties in measuring the melanoma thickness 
in the complex structure of the nail unit. For instance, 

Breslow thickness is usually measured in the granulous 
layer, which is normally absent in the nail bed or the 
matrix. Some authors have suggested that melanomas 
reaching the periosteum should be classified as level V 
of Clark [75]. 

The prognosis for subungual melanoma is usually 
poor [78, 86, 87, 90], with five-year survival rates ranging 
from 20% to 60%. Some recognized adverse features are 
advanced age of the patient, high mitotic index, tumoral 
ulceration, amelanosis and advanced stage when first 
diagnosed [80, 92, 97]. Poor prognosis is usually 
accompanied by a high tendency to present a positive 
sentinel node [75]. 

One of the most difficult differential diagnoses, as in 
other skin locations, is pseudomelanoma. This condition 
is usually caused by the recurrence of a benign 
melanocytic lesion that was only partially removed. 
Morphologic clues for this diagnosis are the evidence of 
a scar, an infiltrating pattern that is limited to the 
scarring zones, the presence of only mild atypia, and a 
superjacent regenerative epidermis with acanthosis and 
hyperkeratosis. 

Another difficult differential diagnosis is melanocytic 
nevus in childhood [98]. This condition may present in the 
form of large-size melanocytes, variable size and shape 
of nuclei, occasional trans-epidermal migration, and mild 
atypia. 

 
Figure 16 – (A and B) Clinical image of advanced cases of ungual melanoma with destruction of the nail plate by a 
pigmented tumor. The latter has been longitudinally sectioned in (C). A low power magnification shows an infiltrative 
mass which erodes the superjacent plate and the subjacent tissues (D) (PAS staining, ×40). 
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Figure 17 – A case of acral lentiginous melanoma, showing marked atypia of the melanocytes arranged in a lentiginous 
pattern, as well as occasional mitoses. PAS staining: ×100 (top left); ×200 (top right and bottom left); ×400 (bottom 
right). 

 
Figure 18 – Advanced pagetoid infiltration in a case of melanoma. PAS staining: ×40 (bottom right); ×100 (top left); 
×200 (top right and bottom left). 
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Squamous cell carcinoma (SCC) 

About 60% of SCCs of the fingernail are human 
papilloma virus (HPV)-related, mainly serotype 16 [99, 
100] (SCC in toenails is hardly ever related to HPV 
infection) [101]. Sun exposure does not seem to be an 
important pathogenic factor because the nail plate 
practically blocks all ultraviolet rays [91]. However, 
accidental or therapeutic radiation is a proven risk factor 
[102, 103]. Another etiologic factor is chronic paronychia 
[104]. 

Clinically, SCC mimics many other non-tumoral 
pathologies, which may delay proper diagnosis for years 
[105]. It can mimic onychomycosis, warts, dystrophic 
nail, onycholysis, onychocryptosis, paronychia and 
melanonychia [106, 107]. Pseudo-Hutchinson’s sign is 
also not an uncommon presentation [108]. Even when 
advanced, SCC is often non-painful. 

Bowen’s disease is a pre-invasive condition in the 
development of SCC, presenting as papillomatous, 
hyperkeratosis or even verrucous lesions, mainly in a 
subungual location [103]. Invasive SCC can involve the 
nail bed, the matrix or the nail folds. Curiously, p16 
overexpression is not seen in Bowen’s disease of the 
nail bed [109]. 

SCC usually appears in individuals in their 50s [110, 
111] and it is twice as frequent in men as women [111]. 

Morphologically, most cases are well-differentiated 
SCCs (Figure 19). SCCs from the nail unit show a tendency 
to present as papillary and to cause koilocytic changes. 
HPV can be demonstrated by immunohistochemical or 
molecular techniques. 

Verrucous carcinoma is a special subtype of SCC 
with a low tendency to metastasize and subtle features 
for malignancy, so it is sometimes erroneously diagnosed 
as a benign squamous hyperplasia condition [112]. 

SCC should be distinguished from benign sub-
epidermal inclusions, which are not uncommon and are 
alleged to be related to previous surgery or traumatisms 
[113]. However, some authors have claimed that they 
might rather be vestigial follicular units [63]. They show 
stromal epithelial keratinized nests, without atypia, that 
are sometimes cystic (Figure 20). They can induce nail 
dystrophy, color changes in the nail plate and partial 
nail deformity. 

In general, SCC of the nail unit has a low tendency 
to metastasize, even when there is an invasion of the 
phalanx [114]. 
 

 
Figure 19 – Well-differentiated squamous cell carcinoma of the nail apparatus. Immunohistochemistry for keratins 
shows the infiltrative irregular pattern (bottom) (×25, ×40 and ×100). 
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Figure 20 – Benign epithelial inclusions mimicking nests of well-differentiated squamous cell carcinoma (PAS staining, 
×25 and ×40). 

Basal cell carcinoma (BCC) 

This carcinoma is very rare in the nail (in fact, the 
nail is the most uncommon cutaneous location for a 
BCC) [115–122]. Nail BCC shows a very low rate of 
metastazation. 

BCC usually involves the nail folds, while the nail 
bed is hardly ever involved. The most common clinical 
presentation is as erythematous lesions, with ulceration 
and telangiectasies. Longitudinal melanonychia is not 
uncommon [123]. 

Morphologically, BCCs of the nail do not present 
features that differ from BCC in other locations. 
Therefore, peripheral palisading, necrosis en masse and 
stromal mucin are all common features. 

Distal digital keratoacanthoma (KA) 

Distal digital keratoacanthoma (KA) is a controversial 
cutaneous entity that shows rapid growth and usually 
spontaneous regression. It can appear in the form of 
solitary or multiple tumors in either the subungual or 
periungual locations [124, 125]. 

Clinically, it presents as a painful umbilicated nodule 
with a keratotic center. Contrary to KAs in other locations, 
ungual KAs can be locally aggressive, eroding the 
subjacent bone with a slight tendency to spontaneous 
regression [126]. 

Subungual KAs have mainly been identified in the 
fingers and very rarely in the toes. They are not related 
to HPV infection and in some cases have been related to 
local traumatism. They are commonly located in the 
proximal nail fold, causing deformity of the plate. 

Morphologically, subungual KAs have many features 
that have been described in other locations, such as the 
crater shape, central hyaline keratinization and clear cells. 
Atypias are mild and mitoses can be numerous. However, 
they can be deeply infiltrating. Consequently, differential 
diagnosis with well-differentiated SCC is not always easy, 
as in KA in other locations. Surgical treatment with free 
surgical margins has been recommended [66]. 

Two less common variants have also been described: 
a plaque-like variant and a cystic type [63]. 

Subungual fibrokeratoma and periungual 
fibroma 

Subungual fibrokeratoma is an asymptomatic hyper-
keratotic polypoid lesion located in the proximal nail folds, 
with thinning of the layer and onycholysis. Periungual 
fibromas are morphologically similar, although this term  
is used to refer to periungual lesions in the context of 
tuberous sclerosis [127]. 

Periungual fibromas (aka Koenen’s tumor) are evident 
in up to 50% of cases of tuberous sclerosis and are rarely 
the only manifestation of the syndrome [128]. They appear 
at 12 to 14 years of age and increase in number as the 
patient ages. They are more frequent in toes than in 
fingers (Figure 21). 

Both lesions show a hyperkeratotic and acanthotic 
epithelium with a prominent granulous layer and a central 
connective core in which blood vessels are oriented 
parallel to the epidermal surface [129] (Figure 21). Both 
sclerotic and edematous morphologic variants have been 
described. 

Onychomatricoma (OM) 

Onychomatricoma (OM) is a tumor mainly derived 
from the ungula matrix, which shows differentiation in 
several parts of the nail, including the nail bed and the 
isthmus. The tumor also produces a thickening nail plate 
and a fibrous tumoral stroma. 

The most common clinical presentation is a nail plate 
showing several longitudinal strikes. The plate appears 
thickened with occasional hemorrhages or perforations. 
Other less frequent clinical presentations are melanonychia 
and cutaneous horn. 

The tumor presents as a papillomatous tumor 
originating from the ungual matrix. The ungual plate is 
therefore perforated by the tumor in multiple channels 
(Figure 22) [130]. 

OM is a fibroepithelial tumor with distinct histological 
areas [131] (Figure 23). From the proximal zone under 
the proximal nail fold, glove-like projections protrude to 
penetrate the nail plate. 

The tumoral stromal has two different layers: a 
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superficial subepithelial layer made of thin wavy 
fibroblasts that are randomly arrayed and a deeper layer 
made of thick collagen bundles along the horizontal axis. 
Occasionally, the stroma can be dense and hypocellular. 

The stromal cells show immunophenotype CD34+, 
CD99-, S100-, EMA-, smooth muscle actin- and desmin-. 

There is a pleomorphic variant of onychomatricoma 
in which cellular atypia is caused by ancient changes 
and does not have any ominous meaning. The cases 
published in the literature so far have not included 
accounts of aggressive behavior. 
 

 
Figure 21 – Periungual fibrokeratoma, clinical image (A). The lesion is a fibroepithelial growth (B) (PAS staining, 
×25) with abundant vessels, which usually run parallel to the superjacent epidermis and bland fibroblasts in the 
stroma (C and D) (PAS staining, ×100 and ×200). 

Figure 22 – Aspect of the nail plate in a case of 
onychomatricoma: the plate is erodes by the tumoral 
growth in multiple channels. 

Figure 23 – Finger-like projections in a case of onycho-
matricoma (×200). 
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Mucinous pseudocyst 

This condition presents as mucin deposits under the 
nail folds, which clinically appear as slow-growing 
nodules with thinning of the superjacent nail plate and 

sometimes nail plate destruction with secondary onycho-
dystrophy (Figure 24) [132]. The lesion is not a real cyst 
since it does not have an epidermal lining. The adjacent 
stroma has star-like fibroblasts with prominent nucleoli. 

 
Figure 24 – Mucinous pseudocyst showing a reddish periungual nodule (A). The lesion shows stromal collections of 
mucin in the stroma, with a pseudocystic appearance (B) (×25). The mucin is easily demonstrated with Alcian Blue 
technique (C and D) (×25 and ×200). 

Glomus tumors 

Glomus tumors are vascular benign tumors from the 
glomus body. They can present as sporadic lesions and 
are rarely associated with family. Glomus tumors 
commonly present as painful bluish nodules. The tumor 
sometimes erodes the subjacent bone or induces dystrophic 
changes in the superjacent nail plate [133]. 

Glomus tumors are well-circumscribed lesions with 
congestive vascular channels lined by non-atypical 
endothelium that show perivascular monomorphous 
cuboidal cells with clear cytoplasm (Figure 25). The 
latter include smooth muscle actin but are negative  
for desmin and factor VIII. CD34 can sometimes be 
expressed by such cells. 

Granuloma pyogenicum 

This is a reactive vascular proliferation of a 
pathogenesis that is not clearly understood, although 
traumatism has often been suggested as a triggering 
cause. 

Commonly, granuloma pyogenicum presents as a 
rapidly growing painful lesion under the lateral nail 
folds. The nail plate can be partially destroyed by the 
tumor [134]. If the matrix is destroyed, the nail deformity 
can be permanent. Moreover, in about half of cases, 
depression of the dorsal aspect of the phalangeal bone is 
evident [135]. 

Granuloma pyogenicum usually has a feeding blood 
vessel in its base, from which groups of capillaries are 
arranged in a lobular pattern (Figure 26). Endothelial 
cells are not atypical, but mitoses can be numerous. The 
whole proliferation is often partially surrounded by an 
epidermal collarette. The stromal inflammatory infiltrate 
is often prominent, especially if the tumor ulcerates. 

The main differential diagnosis is paronychia secondary 
to several types of drugs (Figure 27). This condition is 
similar to the pyogenic granuloma seen after treatment 
with several drugs, such as aromatic retinoids [136], 
Cyclosporine [137] and several of the most recent anti-
oncologic drugs, such as Cetuximab [138] or Gelitinib 
[139]. 
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Figure 25 – Subungual glomus tumor showing a tumoral proliferation underneath the nail plate (A) (PAS staining, 
×25). The tumor is made of monotonous non-atypical perivascular cells, surrounding compressed vascular channels 
with a bland endothelium (B) (PAS staining, ×100). The tumor expresses smooth muscle actin (C) (×25) and CD34 
(D) (×25). 

 
Figure 26 – Granuloma pyogenicum. The clinical image shows a reddish subungual growth (A). The growth is made 
of bland capillary vessels arranged in a lobular pattern (B) (PAS staining, ×25) and partially surrounded by an 
epidermal collarette (C and D) (PAS staining, ×100). 
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Figure 27 – Cases of paronychia secondary to the 
oncologic treatment. 

Subungual osteochondroma 

This benign tumor often originates from the metaphysis 
of the distal phalanx (Figure 28). The tumor is dome-
shaped or pedunculated and slow growing. It subsequently 
deforms the nail plate and occasionally ulcerates it. 
Contrary to exostosis, osteochondroma has not been 
related to previous traumatism. The tumor consists of 
trabecular bone with a cartilaginous cap that shows 
focal osteochondral ossification [140]. This differs from 
the fibrocartilage found in exostosis. 

 
Figure 28 – Osteochondroma: a protruding tumor is evidenced in the clinical image (A). The radiology shows the 
tumor attached to the distal phalanx (B). The tumor is made of an osteocartilaginous proliferation with a hyaline 
cartilaginous cap (C and D) (PAS staining, ×40). 

Superficial acral fibromyxoma 

This is a malignant tumor that frequently shows a 
deceptive, quite bland morphology. It manifests in the 
fingers and toes as an asymptomatic nodule. The 
morphological pattern is spindle cell growth with many 
storiform fields and a fibrotic or myxoid background. 
The immunoprofile is CD34+, CD99+ [141]. 

Onychocytic matrichoma 

This is a recently described tumor which mimics a 
seborrheic keratosis histologically on first impression. 
The tumor is made of a thick basal compartment, as 
well as of spheres mimicking squamous eddies, but 
which present a keratogenous central zone [5]. 

Onychocytic carcinoma 

This is a malignant tumor of the matrix and the nail 

bed [142]. The tumor grows perforating the nail plate, 
as well as invading the stroma underneath the nail bed. 
This tumor does not produce stroma, which allows the 
differential diagnosis with fibroepithelial nail tumors. 

 Conclusions 

We have presented several entities in the pathology 
of the nail, under the light of the modern interpretation 
of the nail microanatomy. We have also emphasized 
several aspects in the correlation between histopatho-
logical and clinical changes, important in the differential 
diagnosis and in the management of these diseases. 

References 
[1] Ditre CM, Howe NR, Surgical anatomy of the nail unit,  

J Dermatol Surg Oncol, 1992, 18(8):665–671. 
[2] Fleckman P, Allan C, Surgical anatomy of the nail unit, 

Dermatol Surg, 2001, 27(3):257–260. 



Angel Fernandez-Flores et al. 

 

254 

[3] Perrin C, Langbein L, Schweizer J, Expression of hair keratins 
in the adult nail unit: an immunohistochemical analysis of 
the onychogenesis in the proximal nail fold, matrix and nail 
bed, Br J Dermatol, 2004, 151(2):362–371. 

[4] Johnson M, Shuster S, Continuous formation of nail along 
the bed, Br J Dermatol, 1993, 128(3):277–280. 

[5] Perrin C, Tumors of the nail unit. A review. Part II: acquired 
localized longitudinal pachyonychia and masked nail tumors, 
Am J Dermatopathol, 2013, 35(7):693–709; quiz 710–712. 

[6] Perrin C, Expression of follicular sheath keratins in the normal 
nail with special reference to the morphological analysis of 
the distal nail unit, Am J Dermatopathol, 2007, 29(6):543–550. 

[7] Perrin C, The 2 clinical subbands of the distal nail unit and the 
nail isthmus. Anatomical explanation and new physiological 
observations in relation to the nail growth, Am J Dermato-
pathol, 2008, 30(3):216–221. 

[8] Perrin C, Peculiar zone of the distal nail unit: the nail isthmus, 
Am J Dermatopathol, 2007, 29(1):108–109. 

[9] Perrin C, Michiels JF, Pisani A, Ortonne JP, Anatomic distri-
bution of melanocytes in normal nail unit: an immunohisto-
chemical investigation, Am J Dermatopathol, 1997, 19(5):462–
467. 

[10] Perrin C, Baran R, Pisani A, Ortonne JP, Michiels JF, The 
onychomatricoma: additional histologic criteria and immuno-
histochemical study, Am J Dermatopathol, 2002, 24(3):199–
203. 

[11] Ruben BS, Pigmented lesions of the nail unit: clinical and 
histopathologic features, Semin Cutan Med Surg, 2010, 29(3): 
148–158. 

[12] Lazzarini R, Duarte I, de Farias DC, Santos CA, Tsai AI, 
Frequency and main sites of allergic contact dermatitis 
caused by nail varnish, Dermatitis, 2008, 19(6):319–322. 

[13] Militello G, Contact and primary irritant dermatitis of the nail 
unit diagnosis and treatment, Dermatol Ther, 2007, 20(1):47–
53. 

[14] Tan ES, Chong WS, Tey HL, Nail psoriasis: a review, Am J 
Clin Dermatol, 2012, 13(6):375–388. 

[15] Jiaravuthisan MM, Sasseville D, Vender RB, Murphy F, 
Muhn CY, Psoriasis of the nail: anatomy, pathology, clinical 
presentation, and a review of the literature on therapy, J Am 
Acad Dermatol, 2007, 57(1):1–27. 

[16] Tham SN, Lim JJ, Tay SH, Chiew YF, Chua TN, Tan E, Tan T, 
Clinical observations on nail changes in psoriasis, Ann Acad 
Med Singapore, 1988, 17(4):482–485. 

[17] Zaias N, Psoriasis of the nail. A clinical-pathologic study, Arch 
Dermatol, 1969, 99(5):567–579. 

[18] Edwards F, de Berker D, Nail psoriasis: clinical presentation 
and best practice recommendations, Drugs, 2009, 69(17): 
2351–2361. 

[19] Farber EM, Nall L, Nail psoriasis, Cutis, 1992, 50(3):174–178. 
[20] Grover C, Reddy BS, Uma Chaturvedi K, Diagnosis of nail 

psoriasis: importance of biopsy and histopathology, Br J 
Dermatol, 2005, 153(6):1153–1158. 

[21] Scher RK, Ackerman AB, Lichen planus, Am J Dermatopathol, 
1983, 5(4):375–376. 

[22] Scher RK, Lichen planus of the nail, Dermatol Clin, 1985, 
3(3):395–399. 

[23] Zaias N, Ackerman AB, The nail in Darier–White disease, 
Arch Dermatol, 1973, 107(2):193–199. 

[24] Serratos BD, Rashid RM, Nail disease in pemphigus vulgaris, 
Dermatol Online J, 2009, 15(7):2. 

[25] Cahali JB, Kakuda EY, Santi CG, Maruta CW, Nail mani-
festations in pemphigus vulgaris, Rev Hosp Clin Fac Med 
Sao Paulo, 2002, 57(5):229–234. 

[26] Carducci M, Calcaterra R, Franco G, Mussi A, Bonifati C, 
Morrone A, Nail involvement in pemphigus vulgaris, Acta 
Derm Venereol, 2008, 88(1):58–60. 

[27] Dhawan SS, Zaias N, Pena J, The nail fold in pemphigus 
vulgaris, Arch Dermatol, 1990, 126(10):1374–1375. 

[28] Engineer L, Norton LA, Ahmed AR, Nail involvement in 
pemphigus vulgaris, J Am Acad Dermatol, 2000, 43(3):529–
535. 

[29] Habibi M, Mortazavi H, Shadianloo S, Balighi K, Ghodsi SZ, 
Daneshpazhooh M, Valikhani M, Ghassabian A, Pooli AH, 
Chams-Davatchi C, Nail changes in pemphigus vulgaris, Int 
J Dermatol, 2008, 47(11):1141–1144. 

[30] Burge SM, Powell SM, Ryan TJ, Cicatricial pemphigoid with 
nail dystrophy, Clin Exp Dermatol, 1985, 10(5):472–475. 

[31] Silverman RA, Diseases of the nails in infants and children, 
Adv Dermatol, 1990, 5:153–170; discussion 171. 

[32] André J, Achten G, Onychomycosis, Int J Dermatol, 1987, 
26(8):481–490. 

[33] Buck DS, Nidorf DM, Addino JG, Comparison of two topical 
preparations for the treatment of onychomycosis: Melaleuca 
alternifolia (tea tree) oil and clotrimazole, J Fam Pract, 1994, 
38(6):601–605. 

[34] Andleigh HS, Fungal infection of the nails, Indian Pract, 1966, 
19(7):453–457. 

[35] Goldgeier MH, Fungal infections of the skin, hair, and nails, 
Pediatr Ann, 1993, 22(4):253–259. 

[36] Lateur N, Mortaki A, André J, Two hundred ninety-six cases 
of onychomycosis in children and teenagers: a 10-year 
laboratory survey, Pediatr Dermatol, 2003, 20(5):385–388. 

[37] Lee MH, Hwang SM, Suh MK, Ha GY, Kim H, Park JY, 
Onychomycosis caused by Scopulariopsis brevicaulis: report 
of two cases, Ann Dermatol, 2012, 24(2):209–213. 

[38] Midgley G, Moore MK, Nail infections, Dermatol Clin, 1996, 
14(1):41–49. 

[39] McAleer R, Fungal infections of the nails in Western Australia, 
Mycopathologia, 1981, 73(2):115–120. 

[40] Zaias N, Onychomycosis, Arch Dermatol, 1972, 105(2):263–
274. 

[41] Schlefman BS, Onychomycosis: a compendium of facts and 
a clinical experience, J Foot Ankle Surg, 1999, 38(4):290–
302. 

[42] Dompmartin D, Dompmartin A, Deluol AM, Grosshans E, 
Coulaud JP, Onychomycosis and AIDS. Clinical and laboratory 
findings in 62 patients, Int J Dermatol, 1990, 29(5):337–339. 

[43] Elewski BE, Clinical pearl: proximal white subungual onycho-
mycosis in AIDS, J Am Acad Dermatol, 1993, 29(4):631–632. 

[44] Mayer E, Izhak OB, Bergman R, Histopathological periodic 
acid-Schiff stains of nail clippings as a second-line diagnostic 
tool in onychomycosis, Am J Dermatopathol, 2012, 34(3):270–
273. 

[45] Luk NM, Hui M, Cheng TS, Tang LS, Ho KM, Evaluation of 
PCR for the diagnosis of dermatophytes in nail specimens 
from patients with suspected onychomycosis, Clin Exp 
Dermatol, 2012, 37(3):230–234. 

[46] Wilsmann-Theis D, Sareika F, Bieber T, Schmid-Wendtner MH, 
Wenzel J, New reasons for histopathological nail-clipping 
examination in the diagnosis of onychomycosis, J Eur Acad 
Dermatol Venereol, 2011, 25(2):235–237. 

[47] Gianni C, Morelli V, Cerri A, Greco C, Rossini P, Guiducci A, 
Braidotti P, Calcaterra R, Papini M, Usefulness of histological 
examination for the diagnosis of onychomycosis, Dermato-
logy, 2001, 202(4):283–288. 

[48] Lawry MA, Haneke E, Strobeck K, Martin S, Zimmer B, 
Romano PS, Methods for diagnosing onychomycosis: a 
comparative study and review of the literature, Arch Dermatol, 
2000, 136(9):1112–1116. 

[49] Weinberg JM, Koestenblatt EK, Tutrone WD, Tishler HR, 
Najarian L, Comparison of diagnostic methods in the 
evaluation of onychomycosis, J Am Acad Dermatol, 2003, 
49(2):193–197. 

[50] Idriss MH, Khalil A, Elston D, The diagnostic value of fungal 
fluorescence in onychomycosis, J Cutan Pathol, 2013, 40(4): 
385–390. 

[51] Gautret P, Rodier MH, Kauffmann-Lacroix C, Jacquemin JL, 
Case report and review. Onychomycosis due to Candida 
parapsilosis, Mycoses, 2000, 43(11–12):433–435. 

[52] Cho E, Lee YB, Park HJ, Cho BK, Fungal melanonychia 
due to Candida albicans, Int J Dermatol, 2012, 52(12):1598–
1600. 

[53] Parlak AH, Goksugur N, Karabay O, A case of melanonychia 
due to Candida albicans, Clin Exp Dermatol, 2006, 31(3): 
398–400. 

[54] Hay RJ, The current status of antimycotics in the treatment 
of local mycoses, Acta Derm Venereol Suppl (Stockh), 1986, 
121:103–108. 

[55] Tobin DJ, Paus R, Graying: gerontobiology of the hair follicle 
pigmentary unit, Exp Gerontol, 2001, 36(1):29–54. 

[56] Anolik RB, Elenitsas R, Minakawa S, Nguyen J, Rubin AI, 
Histologic features of nail cosmetics, Am J Dermatopathol, 
2012, 34(4):412–415. 

[57] Haneke E, Baran R, Longitudinal melanonychia, Dermatol 
Surg, 2001, 27(6):580–584. 



Histopathology of the nail unit 

 

255

[58] Finch J, Arenas R, Baran R, Fungal melanonychia, J Am 
Acad Dermatol, 2012, 66(5):830–841. 

[59] Braun RP, Baran R, Le Gal FA, Dalle S, Ronger S, Pandolfi R, 
Gaide O, French LE, Laugier P, Saurat JH, Marghoob AA, 
Thomas L, Diagnosis and management of nail pigmentations, 
J Am Acad Dermatol, 2007, 56(5):835–847. 

[60] Tosti A, Piraccini BM, de Farias DC, Dealing with melano-
nychia, Semin Cutan Med Surg, 2009, 28(1):49–54. 

[61] Theunis A, Richert B, Sass U, Lateur N, Sales F, André J, 
Immunohistochemical study of 40 cases of longitudinal 
melanonychia, Am J Dermatopathol, 2011, 33(1):27–34. 

[62] Dominguez-Cherit J, Roldan-Marin R, Pichardo-Velazquez P, 
Valente C, Fonte-Avalos V, Vega-Memije ME, Toussaint-
Caire S, Melanonychia, melanocytic hyperplasia, and nail 
melanoma in a Hispanic population, J Am Acad Dermatol, 
2008, 59(5):785–791. 

[63] Perrin C, Tumors of the nail unit. A review. Part I: acquired 
localized longitudinal melanonychia and erythronychia, Am 
J Dermatopathol, 2013, 35(6):621–636. 

[64] Tosti A, Piraccini BM, Warts of the nail unit: surgical and 
nonsurgical approaches, Dermatol Surg, 2001, 27(3):235–
239. 

[65] Holland TT, Weber CB, James WD, Tender periungual nodules. 
Myrmecia (deep palmoplantar warts), Arch Dermatol, 1992, 
128(1):105–106, 108–109. 

[66] Läuchli S, Eichmann A, Baran R, Swelling of the proximal 
nail fold caused by underlying warts, Dermatology, 2001, 
202(4):328–329. 

[67] Mozena JD, The Mozena Classification System and treatment 
algorithm for ingrown hallux nails, J Am Podiatr Med Assoc, 
2002, 92(3):131–135. 

[68] Fernandez-Flores A, Martínez-Nova A, Salgado-Fernandez S, 
Ingrown toenail: histopathologic and immunohistochemical 
study, Am J Dermatopathol, 2009, 31(5):439–445. 

[69] Brenner MA, Montgomery RM, Kalish SR, Subungual 
exostosis, Cutis, 1980, 25(5):518–520, 523. 

[70] Zimmerman EH, Subungual exostosis, Cutis, 1977, 19(2): 
185–188. 

[71] Ilyas W, Geskin L, Joseph AK, Seraly MP, Subungual 
exostosis of the third toe, J Am Acad Dermatol, 2001, 
45(6 Suppl):S200–S201. 

[72] Singh R, Jain M, Goel R, Siwach R, Kalra R, Kaur K, 
Subungual exostosis of the great toe: a case report and 
tumor overview, Foot Ankle Spec, 2011, 4(6):376–378. 

[73] Miller-Breslow A, Dorfman HD, Dupuytren’s (subungual) 
exostosis, Am J Surg Pathol, 1988, 12(5):368–378. 

[74] Schajowicz F, Cabrini RL, Gimenez I, Microspectrophotometric 
quantitation of DNA in bone tumors with giant cells (osteo-
clastoma, osteosarcoma and chondroblastoma), Clin Orthop 
Relat Res, 1981, 156:91–97. 

[75] Tan KB, Moncrieff M, Thompson JF, McCarthy SW, Shaw HM, 
Quinn MJ, Li LX, Crotty KA, Stretch JR, Scolyer RA, 
Subungual melanoma: a study of 124 cases highlighting 
features of early lesions, potential pitfalls in diagnosis, and 
guidelines for histologic reporting, Am J Surg Pathol, 2007, 
31(12):1902–1912. 

[76] Amin B, Nehal KS, Jungbluth AA, Zaidi B, Brady MS, Coit DC, 
Zhou Q, Busam KJ, Histologic distinction between subungual 
lentigo and melanoma, Am J Surg Pathol, 2008, 32(6):835–
843. 

[77] Buka R, Friedman KA, Phelps RG, Silver L, Calero F, Rudikoff D, 
Childhood longitudinal melanonychia: case reports and review 
of the literature, Mt Sinai J Med, 2001, 68(4–5):331–335. 

[78] Banfield CC, Redburn JC, Dawber RP, The incidence and 
prognosis of nail apparatus melanoma. A retrospective study 
of 105 patients in four English regions, Br J Dermatol, 1998, 
139(2):276–279. 

[79] Park KG, Blessing K, Kernohan NM, Surgical aspects of 
subungual malignant melanomas. The Scottish Melanoma 
Group, Ann Surg, 1992, 216(6):692–695. 

[80] Quinn MJ, Thompson JE, Crotty K, McCarthy WH, Coates AS, 
Subungual melanoma of the hand, J Hand Surg Am, 1996, 
21(3):506–511. 

[81] Glat PM, Spector JA, Roses DF, Shapiro RA, Harris MN, 
Beasley RW, Grossman JA, The management of pigmented 
lesions of the nail bed, Ann Plast Surg, 1996, 37(2):125–134. 

[82] Rigby HS, Briggs JC, Subungual melanoma: a clinico-
pathological study of 24 cases, Br J Plast Surg, 1992, 45(4): 
275–278. 

[83] Molina D, Sanchez JL, Pigmented longitudinal bands of the 
nail. A clinicopathologic study, Am J Dermatopathol, 1995, 
17(6):539–541. 

[84] Saida T, Ohshima Y, Clinical and histopathologic characteristics 
of early lesions of subungual malignant melanoma, Cancer, 
1989, 63(3):556–560. 

[85] Hayes IM, Thompson JF, Quinn MJ, Malignant melanoma 
of the toenail apparatus, J Am Coll Surg, 1995, 180(5):583–
588. 

[86] Kato T, Suetake T, Sugiyama Y, Tabata N, Tagami H, 
Epidemiology and prognosis of subungual melanoma in 34 
Japanese patients, Br J Dermatol, 1996, 134(3):383–387. 

[87] Metzger S, Ellwanger U, Stroebel W, Schiebel U, Rassner G, 
Fierlbeck G, Extent and consequences of physician delay in 
the diagnosis of acral melanoma, Melanoma Res, 1998, 
8(2):181–186. 

[88] Banfield CC, Dawber RP, Nail melanoma: a review of the 
literature with recommendations to improve patient mana-
gement, Br J Dermatol, 1999, 141(4):628–632. 

[89] Grunwald MH, Yerushalmi J, Glesinger R, Lapid O, Zirkin HJ, 
Subungual amelanotic melanoma, Cutis, 2000, 65(5):303–
304. 

[90] Levit EK, Kagen MH, Scher RK, Grossman M, Altman E, 
The ABC rule for clinical detection of subungual melanoma, 
J Am Acad Dermatol, 2000, 42(2 Pt 1):269–274. 

[91] Parker SG, Diffey BL, The transmission of optical radiation 
through human nails, Br J Dermatol, 1983, 108(1):11–16. 

[92] Briggs JC, The role of trauma in the aetiology of malignant 
melanoma: a review article, Br J Plast Surg, 1984, 37(4):514–
516. 

[93] Sommer N, Neumeister MW, Tumors of the perionychium, 
Hand Clin, 2002, 18(4):673–689, vii; discussion 691. 

[94] Haupt HM, Stern JB, Pagetoid melanocytosis. Histologic 
features in benign and malignant lesions, Am J Surg Pathol, 
1995, 19(7):792–797. 

[95] Thai KE, Young R, Sinclair RD, Nail apparatus melanoma, 
Australas J Dermatol, 2001, 42(2):71–81; quiz 82–83. 

[96] Jellinek NJ, Primary malignant tumors of the nail unit, Adv 
Dermatol, 2005, 21:33–64. 

[97] O’Leary JA, Berend KR, Johnson JL, Levin LS, Seigler HF, 
Subungual melanoma. A review of 93 cases with identification 
of prognostic variables, Clin Orthop Relat Res, 2000, 378: 
206–212. 

[98] Goettmann-Bonvallot S, André J, Belaich S, Longitudinal 
melanonychia in children: a clinical and histopathologic study 
of 40 cases, J Am Acad Dermatol, 1999, 41(1):17–22. 

[99] Ashinoff R, Li JJ, Jacobson M, Friedman-Kien AE, 
Geronemus RG, Detection of human papillomavirus DNA in 
squamous cell carcinoma of the nail bed and finger 
determined by polymerase chain reaction, Arch Dermatol, 
1991, 127(12):1813–1818. 

[100] Moy RL, Eliezri YD, Nuovo GJ, Zitelli JA, Bennett RG, 
Silverstein S, Human papillomavirus type 16 DNA in peri-
ungual squamous cell carcinomas, JAMA, 1989, 261(18): 
2669–2673. 

[101] Nasca MR, Innocenzi D, Micali G, Subungual squamous 
cell carcinoma of the toe: report on three cases, Dermatol 
Surg, 2004, 30(2 Pt 2):345–348. 

[102] Stone OJ, Morrison JT, Post-radiation subungual squamous 
cell carcinoma, Cutis, 1985, 35(3):272–275. 

[103] Guitart J, Bergfeld WF, Tuthill RJ, Tubbs RR, Zienowicz R, 
Fleegler EJ, Squamous cell carcinoma of the nail bed: a 
clinicopathological study of 12 cases, Br J Dermatol, 1990, 
123(2):215–222. 

[104] Failla JM, Subungual lipoma, squamous carcinoma of the 
nail bed, and secondary chronic infection, J Hand Surg Am, 
1996, 21(3):512–514. 

[105] Lumpkin LR 3rd, Rosen T, Tschen JA, Subungual squamous 
cell carcinoma, J Am Acad Dermatol, 1984, 11(4 Pt 2):735–
738. 

[106] Saijo S, Kato T, Tagami H, Pigmented nail streak associated 
with Bowen’s disease of the nail matrix, Dermatologica, 
1990, 181(2):156–158. 

[107] Lemont H, Haas R, Subungual pigmented Bowen’s disease 
in a nineteen-year-old black female, J Am Podiatr Med Assoc, 
1994, 84(1):39–40. 

[108] Sau P, McMarlin SL, Sperling LC, Katz R, Bowen’s disease 
of the nail bed and periungual area. A clinicopathologic 
analysis of seven cases, Arch Dermatol, 1994, 130(2):204–
209. 



Angel Fernandez-Flores et al. 

 

256 

[109] Perrin C, Canatta G, Garzon JM, Bowen’s disease as 
localized longitudinal erythronychia. A misleading variant 
with a differentiated histological pattern in the nail bed and 
hyponychium, Am J Dermatopathol, 2007, 29(5):514–515. 

[110] Dalle S, Depape L, Phan A, Balme B, Ronger-Savle S, 
Thomas L, Squamous cell carcinoma of the nail apparatus: 
clinicopathological study of 35 cases, Br J Dermatol, 2007, 
156(5):871–874. 

[111] Lawrence CM, Dahl MGC, Dickinson AJ, Turner RJ, Mohs’ 
micrographic surgery for cutaneous squamous cell carcinoma: 
practical considerations, Br J Dermatol, 2001, 144(1):186–
187. 

[112] Van Geertruyden JP, Olemans C, Laporte M, Noël JC, 
Verrucous carcinoma of the nail bed, Foot Ankle Int, 1998, 
19(5):327–328. 

[113] Fanti PA, Tosti A, Subungual epidermoid inclusions: report 
of 8 cases, Dermatologica, 1989, 178(4):209–212. 

[114] Kouskoukis CE, Stump the experts. Squamous cell carcinoma 
of the foot, J Dermatol Surg Oncol, 1984, 10(8):599, 643. 

[115] Robins P, Rabinovitz HS, Rigel D, Basal-cell carcinomas 
on covered or unusual sites of the body, J Dermatol Surg 
Oncol, 1981, 7(10):803–806. 

[116] Herzinger T, Flaig M, Diederich R, Röcken M, Basal cell 
carcinoma of the toenail unit, J Am Acad Dermatol, 2003, 
48(2):277–278. 

[117] Serrano-Ortega S, Fernández-Angel I, Dulanto-Campos E, 
Rodríguez-Archilla A, Linares-Solano J, Basal cell carcinoma 
arising in professional radiodermatitis of the nail, Br J 
Dermatol, 2002, 147(3):628–629. 

[118] Orsini RC, Catanzariti A, Saltrick K, Mendicino RW, Stokar L, 
Basal cell carcinoma of the nail unit: a case report, Foot 
Ankle Int, 2001, 22(8):675–678. 

[119] Grine RC, Parlette HL 3rd, Wilson BB, Nail unit basal cell 
carcinoma: a case report and literature review, J Am Acad 
Dermatol, 1997, 37(5 Pt 1):790–793. 

[120] Guana AL, Kolbusz R, Goldberg LH, Basal cell carcinoma 
on the nailfold of the right thumb, Int J Dermatol, 1994, 
33(3):204–205. 

[121] Hoffman S, Basal cell carcinoma of the nail bed, Arch 
Dermatol, 1973, 108(6):828. 

[122] Nelson LM, Hamilton CF, Primary carcinoma of the nail 
bed, Arch Dermatol, 1970, 101(1):63–67. 

[123] Rudolph RI, Subungual basal cell carcinoma presenting as 
longitudinal melanonychia, J Am Acad Dermatol, 1987, 
16(1 Pt 2):229–233. 

[124] Baran R, Mikhail G, Costini B, Tosti A, Goettmann-Bonvallot S, 
Distal digital keratoacanthoma: two cases with a review of 
the literature, Dermatol Surg, 2001, 27(6):575–579. 

[125] Baran R, Goettmann S, Distal digital keratoacanthoma: a 
report of 12 cases and a review of the literature, Br J 
Dermatol, 1998, 139(3):512–515. 

[126] Sinha A, Marsh R, Langtry J, Spontaneous regression of 
subungual keratoacanthoma with reossification of underlying 
distal lytic phalynx, Clin Exp Dermatol, 2005, 30(1):20–22. 

[127] Quist SR, Franke I, Sutter C, Bartram CR, Gollnick HP, 
Leverkus M, Periungual fibroma (Koenen tumors) as isolated 
sign of tuberous sclerosis complex with tuberous sclerosis 
complex 1 germline mutation, J Am Acad Dermatol, 2010, 
62(1):159–161. 

[128] Webb DW, Clarke A, Fryer A, Osborne JP, The cutaneous 
features of tuberous sclerosis: a population study, Br J 
Dermatol, 1996, 135(1):1–5. 

[129] Kint A, Baran R, De Keyser H, Acquired (digital) fibro-
keratoma, J Am Acad Dermatol, 1985, 12(5 Pt 1):816–821. 

[130] Raison-Peyron N, Alirezai M, Meunier L, Barneon G, 
Meynadier J, Onychomatricoma: an unusual cause of nail 
bleeding, Clin Exp Dermatol, 1998, 23(3):138. 

[131] Fraga GR, Patterson JW, McHargue CA, Onychomatricoma: 
report of a case and its comparison with fibrokeratoma of 
the nailbed, Am J Dermatopathol, 2001, 23(1):36–40. 

[132] de Berker D, Goettman S, Baran R, Subungual myxoid 
cysts: clinical manifestations and response to therapy, J Am 
Acad Dermatol, 2002, 46(3):394–398. 

[133] Moon SE, Won JH, Kwon OS, Kim JA, Subungual glomus 
tumor: clinical manifestations and outcome of surgical 
treatment, J Dermatol, 2004, 31(12):993–997. 

[134] Richert B, Frictional pyogenic granuloma of the nail bed, 
Dermatology, 2001, 202(1):80–81. 

[135] Van Geertruyden J, Lorea P, Goldschmidt D, de Fontaine S, 
Schuind F, Kinnen L, Ledoux P, Moermans JP, Glomus 
tumours of the hand. A retrospective study of 51 cases,  
J Hand Surg Br, 1996, 21(2):257–260. 

[136] Baran R, Pyogenic granuloma-like lesions associated with 
topical retinoid therapy, J Am Acad Dermatol, 2002, 47(6): 
970. 

[137] Higgins EM, Hughes JR, Snowden S, Pembroke AC, 
Cyclosporin-induced periungual granulation tissue, Br J 
Dermatol, 1995, 132(5):829–830. 

[138] Busam KJ, Capodieci P, Motzer R, Kiehn T, Phelan D, 
Halpern AC, Cutaneous side-effects in cancer patients 
treated with the antiepidermal growth factor receptor 
antibody C225, Br J Dermatol, 2001, 144(6):1169–1176. 

[139] Lee MW, Seo CW, Kim SW, Yang HJ, Lee HW, Choi JH, 
Moon KC, Koh JK, Cutaneous side effects in non-small 
cell lung cancer patients treated with Iressa (ZD1839), an 
inhibitor of epidermal growth factor, Acta Derm Venereol, 
2004, 84(1):23–26. 

[140] de Palma L, Gigante A, Specchia N, Subungual exostosis 
of the foot, Foot Ankle Int, 1996, 17(12):758–763. 

[141] Fetsch JF, Laskin WB, Miettinen M, Superficial acral fibro-
myxoma: a clinicopathologic and immunohistochemical 
analysis of 37 cases of a distinctive soft tissue tumor with 
a predilection for the fingers and toes, Hum Pathol, 2001, 
32(7):704–714. 

[142] Perrin C, Langbein L, Ambrossetti D, Erfan N, Schweizer J, 
Michiels JF, Onychocytic carcinoma: a new entity, Am J 
Dermatopathol, 2013, 35(6):679–684. 

 
 
 
 
 
 
 
Corresponding author 
Angel Fernandez-Flores, MD, PhD, Servicio de Anatomía Patologica, Hospital El Bierzo, Medicos sin Fronteras 7, 
24411 Ponferrada, Spain; Phone (00 34) 987 45 42 00, e-mail: dermatopathonline@gmail.com 
 
 
 
 
 
 
Received: December 13, 2013 

Accepted: June 13, 2014 
 


