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Abstract: Sclerosing disorders of the skin consist of a heteroge-
neous spectrum of entities that share in common cutaneous
sclerosis with excessive local accumulation of collagen and/or
other extracellular matrix components in the dermis, subcutaneous
tissue, and/or underlying soft tissues. The clinical course of these
diseases varies from benign disease with a localized skin involve-
ment to systemic, life-threatening disorders. Thus, a correct
diagnosis is extremely significant as these disorders are very
different in terms of pathogenesis, course, treatment, and outcome.
Although they have sclerosis as an overlapping feature, other
histopathological features, such as sclerosis depth, hyalinization,
mucin deposition, sclerotic bodies, and fibroblastic proliferation,
may provide clues to a more specific diagnosis. In doubtful cases,
clinicopathologic correlation, immunohistochemical staining, and
other laboratory data may be required to arrive at a proper
diagnosis.

Key Words: sclerosis, scleroderma, lichen sclerosus, graft-versus-
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lipodermatosclerosis, acrodermatitis chronica atrophicans

(Am J Dermatopathol 2014;36:763–780)

LEARNING OBJECTIVES
After completing this CME activity, physicians should

better be able to:

1. Describe the clinical and histopathological features of the
different sclerosing disorders.

2. Distinguish between the different sclerosing disorders
based on microscopic clues.

INTRODUCTION
Cutaneous sclerosis [Greek: skleros (hard) + -osis

(condition)] is characterized clinically by skin hardening

and induration, and microscopically by excessive accumu-
lation of collagen occasionally with other extracellular
matrix components in the dermis, subcutaneous tissue,
and/or underlying soft tissues.1–3 This results in almost com-
plete obliteration of boundaries between collagen bundles
(homogenization) with marked decrease in fibroblasts.
While some believe that sclerosis is different from fibrosis
that is characterized by increased collagen and fibroblasts,
others believe that sclerosis may occur as a late consequence
of longstanding fibrosis. This skin change can be localized
or generalized depending on the underlying cause or disor-
der as a wide heterogeneous spectrum of conditions with
different pathogenesis, clinical course, treatment, and out-
come may manifest this feature. In addition to scleroderma,
which is the prototype, these disorders include lichen scle-
rosus (LS), diffuse fasciitis with eosinophilia, eosinophilia–
myalgia syndrome, toxic oil syndrome, scleromyxedema,
scleredema, nephrogenic fibrosing dermopathy, necrobiosis lip-
oidica, POEMS syndrome, myeloma with scleroderma-like
changes, porphyria, carcinoid syndrome, phenylketonuria,
chronic graft-versus-host disease (GVHD), localized involu-
tional lipoatrophy (LIL), paraffinoma, sclerosing lymphangitis,
chronic radiation dermatitis, IgG4-related sclerosing disease,
lipodermatosclerosis, acrodermatitis chronica atrophicans, cuta-
neous sclerosis with sclerosing mesenteritis, palmar fasciitis,
fibroblastic rheumatism, inherited disorders, exogenous factors
(chemicals or drugs), and even neoplasms with sclerotic
features.1–4

Although sclerosis is an overlapping microscopic
feature between all of these entities, other histopathological
features such as sclerosis depth, hyalinization, mucin depo-
sition, sclerotic bodies, inflammatory infiltrate, and fibroblas-
tic proliferation may provide clues to a more specific
diagnosis. In doubtful cases, clinicopathologic correlation,
immunohistochemical staining, and other laboratory data may
be required to arrive at a specific diagnosis and subsequently
better treatment. The treatment is mainly based on the
underlying etiology, if known, and depends on the disease
extension, activity, and progression rate. There have been
many classifications for these disorders such as based on
anatomical localization and extension; however, the most
useful appears to be the one based on the underlying
pathogenesis as it allows better recognition of the manifes-
tations of the different diseases and better understanding of
the diagnostic and prognostic differences.1 This review will
focus on the histopathological features of these disorders and
the microscopic clues that may be helpful in making a more
definite diagnosis.
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PATHOLOGIC FEATURES OF SCLEROSING
SKIN DISEASES

Scleroderma (Systemic and Localized)
Scleroderma is a connective tissue disorder that may be

systemic (limited and diffuse forms) or skin-limited (morphea
or localized scleroderma).5–11 Clinically, both usually affect
young adult females and originally manifest with nonpitting
edema that is typically followed by cutaneous induration.
Morphea usually presents as well-circumscribed oval or gut-
tate erythematous ivory indurated plaques on trunk or, less
frequently, extremities. Several morphea variants exist,
including plaque-form (most common), bullous, guttate,
linear, generalized, morphea profunda, and pansclerotic mor-
phea of children. Linear and deep variants can be associated
with synovitis, uveitis, and joint contractures. Morphea may
be associated with autoimmune disorder, especially the gen-
eralized variant. Systemic scleroderma may be limited to
involvement of acral sites or diffuse and progressive with
associated involvement of internal organs, particularly kid-
neys, lungs, heart, esophagus, and intestinal tract. Features
of the limited form include beaked nose, thinned lips, perioral
furrowing and wrinkling, calcification, telangiectases, periph-
eral gangrene, digital autoamputation, dilatation of nail fold
capillaries, sclerodactyly, esophageal involvement, small
intestinal malabsorption, pulmonary hypertension, Raynaud
phenomenon, and the presence of anticentromere antibodies.
It has a better prognosis than the diffuse form. Features of the
diffuse form include widespread skin lesions proximal to the
metacarpophalangeal and metatarsophalangeal joints, sclero-
dactyly, digital pitting scars of the fingertips or loss of sub-
stance of the finger pad, loss and dilatation of nail fold
capillaries, and presence of anti-Scl-70 (anti-DNA topoiso-
merase) and RNA polymerase III antibodies.

Generally, localized and systemic scleroderma share
similar microscopic features, although some differentiating
features may be present. In both, early lesions are typically
characterized by a sparse to moderately dense superficial
and deep perivascular and perieccrine lymphocytic infiltrate
with variable number of plasma cells and eosinophils.5–7 As
lesions evolve, there is decreased inflammation and increased
sclerosis with thickening and homogenization of the collagen
bundles especially in the reticular dermis with occasional
extension to involve the subcutaneous septae and loss of
adnexal structures.5–7 Entrapment of the eccrine coils and loss

of the surrounding fat pad is also a feature. Elastic fibers are
usually unaffected. Although usually not affected, the over-
lying epidermis may at times exhibit loss of the rete ridge
pattern and increased basal cell pigmentation. Few studies
reported on some differentiating features between localized
and systemic scleroderma, including more prominent and
deeper inflammatory changes in localized scleroderma (the
inflammatory changes may even affect the underlying skeletal
muscle in linear and generalized variants of morphea) and the
occasional presence of calcification and more severe vascular
changes (especially affecting digital arteries with endothelial
cell swelling, intimal thickening, medial hypertrophy, and
sometimes fibrin deposition) in systemic scleroderma.7,8 In
addition, cutaneous perineural predominantly lymphocytic
inflammatory infiltrate in different forms of scleroderma has
been well documented (Fig. 1).8,9 Generalized morphea and
disabling pansclerotic morphea of childhood may reveal
a lymphocytic and hyaline panniculitis with lymphoid follicle
formation.10 The “floating sign,” defined as histiocytes sur-
rounding individual collagen fibers, has also rarely been
described in morphea (Fig. 2).11 A recent study also demon-
strated the reduction in dermal CD34+ and factor XIIIa+ den-
dritic cells and blood vessels in the skin of systemic sclerosis
(SSc), which appeared early in the course of disease before
intense sclerosis occurred.12 Most recently, Epstein–Barr
virus infection was shown to induce aberrant Toll-like recep-
tor activation pathway and fibroblast–myofibroblast conver-
sion in SSc, implying that Epstein–Barr virus infection, which
occurs in mesenchymal, endothelial, and immune cells of SSc
patients, may underlie the main pathologic SSc features
including vasculopathy, autoimmunity, and sclerosis.13

Lichen Sclerosus
LS is an idiopathic inflammatory disorder that most

commonly presents as pruritic atrophic sclerotic white
plaques on female or male genitalia (Fig. 3).14–19 Extragenital
lesions are usually not pruritic. It may cause phimosis or
scarring of the vaginal introitus. It has been reported in asso-
ciation with morphea.

The characteristic histopathological features of a well-
developed LS lesion include hyperkeratosis with follicular
plugging, epidermal atrophy, interface change, prominent
edema with occasional subepithelial clefting, hyalinization
and sclerosis of the upper dermis, and a lymphohistiocytic
infiltrate below the homogenized zone (Fig. 3).14–19 The

FIGURE 1. A–C, Systemic scleroderma with perineural inflammation (hematoxylin and eosin, A ·4, B ·10, C ·20).
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younger the lesion, the more superficially located and intense
is the inflammatory infiltrate, which may at first be in direct
contact with the epidermal basal layer.14–19 Early on, this infil-
trate is often band-like and composed of lymphocytes with
occasional histiocytes and plasma cells. Afterward and upon
developing edema and homogenization of the upper dermis,
the inflammatory infiltrate is displaced down, so that it be-
comes located in the mid-dermis.14–18 In old LS lesions, the
inflammatory infiltrate decreases, becoming patchy, perivascu-
lar, or even completely absent.14–18 Telangiectasia and purpura
may be additional features. Angiokeratoma-like lesions have
also been reported.20 Loss of elastic fibers in the homogenized
zone of well-developed lesions has also been well documented
and could result from elastophagocytosis, which has been re-
ported in 20% of extragenital LS cases in 1 study.14–18,21

Although these histopathological features are common to both
genital and extragenital LS, the former may additionally show
thicker epidermis (even pseudoepitheliomatous hyperplasia),
longer rete ridges, and the presence of an associated spongiotic
dermatitis, which may be explained by the persistent severe
pruritis associated with genital LS.14,19,22

Disorders With Eosinophilia

Eosinophilic Fasciitis
Clinically, eosinophilic fasciitis, or Shulman syn-

drome, typically affects the extremities of adults and
presents as firm symmetric circumferential painful indura-
tion with flexion contractures, peripheral eosinophilia, and

hypergammaglobulinemia (typically IgG).23 Face and fingers
are rarely involved. It is generally of sudden onset and is pre-
ceded by an episode of strenuous physical activity in at least
50% of cases. Patients may also have inflammatory arthritis
(mainly hands, wrists, and knees), carpal tunnel syndrome,
contractures, and subclinical myositis. Although many believe
that eosinophilic fasciitis is a morphea variant, especially mor-
phea profunda, others consider it a distinct entity because of its
acute onset in most cases and tendency to resolve.

A substantial incisional biopsy is usually needed for
diagnosis as the pathology predominantly occurs in the deep
subcutaneous fat and fascia. Microscopically, the epidermis,
papillary dermis, and superficial adnexal structures are usually
unaffected. The fascia is mainly involved with frequent
extension into the overlying subcutaneous tissue and deep
reticular dermis (Fig. 4).23 There is typically sclerosis and hy-
alinization of the collagen fibers, increased dermal mucin depo-
sition, atrophy of sweat glands, and variable perivascular and
periadnexal infiltrate that includes lymphocytes, histiocytes,
plasma cells, and eosinophils.23 Lymphoid follicles, occasion-
ally with germinal centers, are also sometimes present. There
may also be superficial inflammatory cell infiltration of under-
lying skeletal muscle, which may show focal necrosis and
degeneration. Perineural inflammation has only rarely been
reported.23 Immunophenotyping has previously demonstrated
predominance of CD8+ lymphocytes and macrophages.24

Although overlap exists, differentiation of eosinophilic
fasciitis from scleroderma can be achieved based on the clinical
presence of diffuse induration, peripheral eosinophilia, and

FIGURE 2. A, Localized scleroderma
with “floating sign.” B, Clinical
presentation (hematoxylin and
eosin, ·10).

FIGURE 3. A, LS. B and C, Clinical presentation (hematoxylin and eosin, B ·4, C ·20).

Am J Dermatopathol � Volume 36, Number 10, October 2014 Sclerosing Skin Disorders

� 2014 Lippincott Williams & Wilkins www.amjdermatopathology.com | 765

D
ow

nloaded from
 http://journals.lw

w
.com

/am
jderm

atopathology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 03/20/2024



history of preceding strenuous exercise in the former and the
less severe dermal changes on histology and the preservation of
skin appendages.

Eosinophilia–Myalgia Syndrome and Toxic
Oil Syndrome

Eosinophilia–myalgia syndrome is a clinical entity that
resulted in an epidemic several years ago secondary to toxic
L-tryptophan ingestion.23 It is characterized by cutaneous mani-
festations (dryness and diffuse irregular peau d’orange skin
thickening on trunk and face with sparing of hands and feet),
severe myalgias with other constitutional symptoms, peripheral
eosinophilia, and multisystem involvement, including
pulmonary (pulmonary infiltrates, pulmonary hypertension),
neurologic (such as paresthesias), and cardiac (arrhythmias,
heart failure) features. Unlike eosinophilic fasciitis, the course
is more acute and commonly not associated with hypergam-
maglobulinemia. Toxic oil syndrome, however, resulted from
contaminated rapeseed oil ingestion in Spain in 1981.23–25 It
was characterized by morphea-like skin induration affecting
the face, trunk, and extremities usually associated with myop-
athy, peripheral neuropathy, arthralgia, and xerostomia; Ray-
naud phenomenon was not uncommon.

Variable microscopic features have been reported, most
probably due to different stages of evolution. Common
findings include sclerosis of the reticular dermis, subcutane-
ous tissue and fascia, dermal edema with lymphangiectasia
and increased mucin deposition in the dermis and fascia, and
a sparse to marked perivascular and rarely periadnexal
lymphocytic infiltrate with variable number of plasma cells
and eosinophils.23,25–27 Dermal and septal subcutaneous
perineural inflammation is common in eosinophilia–myalgia
syndrome (45% in 1 study) and this usually parallels the
neurologic manifestations of the disease.26

Disorders With Mucin Deposition

Scleromyxedema
Scleromyxedema is the generalized variant of lichen

myxedematosus. Characteristic clinical features include waxy,
linear distributed papules, indurated thickened skin, leonine
face, and sclerodactyly.28–30 It typically starts on the hands then
generalizes to affect upper trunk, neck, and face while mucous

membranes are usually not affected. Unlike scleroderma, Ray-
naud phenomenon and acral calcification are usually absent. It
is commonly associated with paraproteinemia (especially IgG
lambda type), multiple myeloma, or Waldenstrom macroglob-
ulinemia, while thyroid function is normal.

Early lesions typically show stellate fibroblasts between
disorganized collagen fibers in the reticular dermis with focal
mucin deposition and a sparse superficial perivascular chronic
inflammatory cell infiltrate (Fig. 5).28–30 In well-developed
lesions, fibroblasts are numerous and there is consequent scle-
rosis and thickening of the dermis, whereas mucin deposits
may become less evident or even absent. Decreased elastic
fibers have occasionally been reported.29 The overlying epi-
dermis is usually normal but may also be acanthotic or atro-
phic and may show overlying hyperkeratosis or parakeratosis.
Although indirect immunofluorescence is consistently nega-
tive, direct immunofluorescence studies may reveal IgG (to
a lesser extent IgM) just below the epidermis or in the retic-
ular dermis in 35% of cases.28–30

Although distinguishing scleromyxedema from sclero-
derma may not be very difficult based on their clinical and
microscopic features, the more difficult task would be the
histologic differentiation of scleromyxedema from nephrogenic
systemic fibrosis.31 Both conditions show increased mucin and an
intradermal proliferation of spindled cells that are CD34, factor
13a, and procollagen I positive. In addition to the clinicopatho-
logic correlation that is critical for the distinction, the depth of the
infiltrate may also be a helpful as it is confined to mid to deep
dermis in scleromyxedema,32 whereas, in nephrogenic systemic
fibrosis, it extends from the dermis into the septa of subcutaneous
tissue. More recently, sclerotic bodies have been reported in
nephrogenic systemic fibrosis that are quite characteristic.33

Scleredema
Scleredema is a rare primary cutaneous mucinosis that

typically presents with nonpitting indurated edema and
dermal hardening of the neck and back.34–36 Three distinct
subtypes are recognized, including the most common acute
postinfectious subtype that affects children and may resolve
spontaneously, the insidious subtype with protracted course,
and the chronic subtype that usually affects adults with late-
onset diabetes mellitus and does not tend to resolve. Mono-
clonal gammopathy (usually IgG) is not infrequent.

FIGURE 4. A, Eosinophilic fasciitis. Clinical presentation. B, C and D, (hematoxylin and eosin, B ·4, C ·20, D ·40).
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The microscopic diagnosis of scleredema is usually
difficult as the histopathological features are often subtle.
The epidermis is usually normal but may appear slightly
atrophic. Especially in earlier stages, broadening of the
collagen fibers, that are abnormally separated by clear spaces
(dermal fenestration), results in a greatly thickened reticular
dermis, often with subcutaneous tissue involvement, leading to
the abnormal positioning of the eccrine glands within the upper
third or mid-dermis.29,34 Focal areas of mucin deposition can
often be identified using special stains (colloidal iron, Alcian
blue) and, at times, multiple biopsies may be needed for their
demonstration.35 However, mucin may not be demonstrable in
up to one-third of cases even with the use of special stains.36 A
sparse to mild chronic inflammatory infiltrate is sometimes
present in the superficial dermis and mast cells may be
increased in number, whereas fibroblasts are not increased.29

Direct immunofluorescence studies are negative.34

Scleredema may be distinguished from scleroderma
clinically by the absence of Raynaud phenomenon, acral
sclerosis with calcification, pigmentary changes, and telangi-
ectasia and microscopically by the presence of compressed or
absent appendages in scleroderma and the fenestrated appear-
ance, rather than diffuse dermal sclerosis, and focal mucin
deposition in scleredema.34

Nephrogenic Systemic Fibrosis
Nephrogenic systemic fibrosis is a multiorgan fibros-

ing disease that is commonly associated with renal failure
and gadolinium exposure.37–40 It is usually characterized by
firm, thickened skin with wooden texture on the extremities

and trunk while face is typically spared. Rapidly growing
symmetrical papules and nodules that may coalesce to form
erythematous or hyperpigmented plaques at times with peau
d’orange appearance may also be present along with flexion
contractures.

Incisional biopsies that include fascia are usually
needed as the microscopic features of nephrogenic systemic
fibrosis may be subtle. Although early lesions show a subtle
fibroblastic proliferation and variable numbers of large
epithelioid and stellate cells, established lesions show thick-
ened collagen bundles and spindled fibroblasts that extend
into subcutaneous septae and underlying fascia (Fig. 6).33,37–40

Sclerotic bodies, or irregularly shaped paucicellular areas of
collagen that can ossify, may be present.33 Cleft-like spaces
with increased dermal mucin, dystrophic calcification (even
calciphylaxis), and osseous metaplasia may also be identi-
fied.40 A sparse superficial and deep perivascular lymphocytic
infiltrate may also be evident. Immunohistochemical stains
show fibrocyte reactivity with CD34 in a membranous pattern
and procollagen I in a cytoplasmic pattern37,38 with admixed
CD68+ multinucleated osteoclast-like giant cells and factor
XIIIa–positive stellate cells.36,40

Disorders With Defined Metabolic/
Biochemical/Endocrine Abnormalities

Necrobiosis Lipoidica
Clinically, necrobiosis lipoidica appears as solitary or

multiple, often symmetrical, few millimeters to several
centimeters, circumscribed red-brown to yellowish plaques

FIGURE 5. A and B, Scleromyx-
edema (hematoxylin and eosin, A
·4, B ·20).

FIGURE 6. A and B, Nephrogenic systemic fibrosis (hematoxylin and eosin, A ·4, B ·20. C, CD34 staining (·20).
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with a slightly elevated violaceous rim usually on the lower
extremities, especially pretibial area, of women in their
fourth or fifth decades (Fig. 7).41 Scaling, telangiectasia, and
ulceration may be present. It is strongly associated with
diabetes mellitus.

On microscopy, the epidermis may be normal, hyperker-
atotic, atrophic, or ulcerated. Variable degree of granulomatous
inflammation, collagen degeneration, and sclerosis usually
affect the entire dermis or its lower two-thirds and may
extend to involve the subcutaneous septae (Fig. 7).41 The
histiocytes may or may not be arranged in a palisade and at
times only few scattered histiocytes and giant cells may be
seen, especially when sclerosis is extensive and diffuse as in
the late stages of the condition. When palisaded necrobiotic
graulomas are present, they tend to be arranged somewhat
horizontally alternating with layers of sclerosis. The necro-
biotic foci consist of eosinophilic, swollen, or degenerate
hyalinized collagen with loss of elastic tissue and may some-
times contain mucin. Other features may be present, including
a sparse to moderately dense, predominantly perivascular
lymphocytic infiltrate with plasma cells, foamy histiocytes,42

cholesterol clefts (seen in less than 1% of cases),43 deep lym-
phoid follicles (seen in around 10% of cases),44 superficial
telangiectases in older lesions, and often thickening of blood
vessel walls in the lower dermis that may lead to partial or,
rarely, complete occlusion of the lumen.41,45 These vascular
changes are often encountered in lesions of the lower legs.
When not associated with diabetes mellitus, necrobiosis lip-
oidica may show naked sarcoidal granulomas with minimal
necrobiosis and an infiltrate composed of lymphocytes,
plasma cells, and giant cells.

Porphyria Cutanea Tarda
Porphyria cutanea tarda (PCT) is an autosomal domi-

nant disorder due to mutations in uroporphyrinogen decar-
boxylase gene.46–48 It is often associated with hepatitis C
infection. Clinical features include bullae, scarring, milia,
hypertrichosis, and skin thickening that mainly involve pho-
tosensitive areas. Up to 20% of PCT patients develop sclero-
dermatous changes on sun-exposed or non–sun-exposed
areas, especially in late stages.

Although the histopathological features of scleroderma-
like changes in PCT may mimic scleroderma, the distinction
can be made based on the presence in PCT of hyaline material
around blood vessel walls, caterpillar bodies (eosinophilic,
wavy, basement membrane material), and IgG and C3
deposition around papillary dermal vessels and at the
dermoepidermal junction on direct immunoflurescence.46–48

Carcinoid Syndrome
Carcinoid syndrome usually occurs secondary to the release

of hormones, serotonin, and other mediators.49,50 It is character-
ized by diarrhea, tachycardia, hypotension, fibrotic right-sided
heart disease, bronchospasm, flushing, telangiectasia, and rarely
scleroderma-like skin changes. The scleroderma-like changes tend
to occur in more advanced disease with predominant involvement
of lower limbs, however, with the absence of Raynaud phenom-
enon, acral involvement, or autoantibodies.

Scleroderma-like changes in carcinoid syndrome show
microscopic features that are indistinguishable from sclero-
derma.49,50 Clinicopathologic correlation and laboratory test-
ing are important in making the distinction.

Phenylketonuria
Phenylketonuria is a rare autosomal recessive metabolic

disease due to phenylalanine hydroxylase deficiency.51,52 It is
characterized by mental retardation, microcephaly, delayed
speech, seizures, eczema, and behavioral abnormalities. Skin
changes usually appear within the first 2 years of life and
include pigmentary changes of hair, eyes, and skin, eczema-
tous and scleroderma-like changes. Scleroderma-like changes
have predisposition for proximal extremities with sparing of
the hands and feet and may be associated with joint contrac-
tures, deformity, and limb atrophy.

The microscopic findings of the scleroderma-like
changes in phenylketonuria are indistinguishable from sclero-
derma.51,52 Clinicopathologic correlation and laboratory test-
ing are important in making the distinction.

Diabetes Mellitus
Sclerodermatous skin changes are relatively common

manifestation of both insulin-dependent and non–insulin-

FIGURE 7. A, Necrobiosis lipoidica. B and C, Clinical presentation (hematoxylin and eosin, B ·4, C ·20).
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dependent diabetes mellitus, sometimes with resultant joint
contractures.53,54 Nonenzymatic collagen glycosylation may
be responsible for skin fibroblast stimulation. It is clinically
characterized by bilateral symmetric skin thickening and
induration on the dorsum of the fingers with consequent
progressive contractures of finger joints. Unlike systemic
scleroderma, there are no telangiectasias, edema, or
Raynaud phenomenon.

Histologic examination of sclerodermatous skin usually
reveals dermal thickening with accumulation of collagen,
mild increase in dermal mucin, and scant inflammation.53–55

Primary Cutaneous Amyloidosis
Cutaneous lesions in primary cutaneous amyloidosis

vary, including asymptomatic waxy hemorrhagic, smooth
papules in a periorbital and perinasal distribution, waxy shiny
plaques on hands and face, periorbital purpura and petechiae,
alopecia, pigmentary alterations, nail dystrophies, bullae, and
less commonly sclerodermoid thickening.56 It is commonly
associated with paraproteinemia or plasma cell dyscrasia or
myeloma.

Scleroderma-like changes have also been reported as
a manifestation of primary cutaneous amyloidosis that is
usually associated with plasma cell dyscrasia. Microscopic
changes of the skin usually show amyloid deposition in the
dermis and subcutaneous tissues. Congo red stain can be used
to highlight the deposition of amyloid.56

POEMS Syndrome
POEMS syndrome is a rare plasma cell disorder

characterized by polyneuropathy, organomegaly, endo-
crinopathy, serum monoclonal M protein, and skin
changes.57,58 Skin manifestations occur in around 90% of
patients and include hemangiomas (86%), hyperpigmenta-
tion (76%), skin thickening (57%) on extremities and/or
trunk, acrocyanosis (57%) with Raynaud phenomenon
(14%), hypertrichosis (52%), acquired facial lipoatrophy
(52%), white nails (38%), and digital clubbing of fingers
and toes (24%).

The histopathological changes seen in the scleroder-
moid lesions of POEMS syndrome may mimic scleroderma in
showing dermal sclerosis in the middle and lower dermal
layers with occasional extension to the subcutaneous septa
and a sparse to mild inflammatory infiltrate. Some clues that
permit differentiation include the presence of basal layer

hyperpigmentation and unaffected sweat glands.57,58 How-
ever, dermal sclerosis in sclerodermoid lesions may not be
that common as only 37% of cases in 1 study showed slight
dermal sclerosis with vascular hyperplasia.59

Disorders With Monoclonal Gammopathy
In addition to scleromyxedema, POEMS syndrome,

Buschke scleredema, and primary cutaneous amyloidosis,
which have already been mentioned, this category includes
myeloma with scleroderma-like changes. Scleroderma-like
changes coexisting with multiple myeloma have been
reported in literature, without mucin or amyloid deposition.60

Their histopathological features are indistinguishable from
scleroderma.

In addition, 1 study reported on 10 cases of paraneo-
plastic scleroderma-like tissue reactions in the setting of an
underlying plasma cell dyscrasia, including monoclonal
gammopathy in 6 cases, multiple myeloma in 3 cases, and
Waldenstrom macroglobulinemia in 1 case.61 Patients pre-
sented with a sclerodermoid reaction characterized by clinical
and histopathological features reminiscent of eosinophilic fas-
ciitis in 5 cases, morphea in 3 cases, and systemic sclero-
derma in 2 cases. In addition to showing changes typical of
eosinophilic fasciitis and/or scleroderma, the skin biopsies in
5 cases revealed light chain–restricted plasma cells.

Disorders Associated With Physical Injury

Paraffinoma
Paraffinoma, or sclerosing lipogranuloma, is a form of

factitial panniculitis that results from tissue injection or
implant leakage of oily materials, including paraffin and
liquid silicon.62,63 It typically presents as painful, rubbery
induration of augmented areas, such as breasts, penis, and
calves (Fig. 8). Fistulas and ulcerations are common. Associ-
ations include pulmonary lesions, lymphadenopathy, and
hepatosplenomegaly.

Histopathologically, paraffinoma, similar to other
factitial panniculitis, usually shows a pattern of a mostly
lobular panniculitis.62,63 Microscopically, it exhibits multi-
ple “Swiss-cheese-like” round or oval variably sized pseu-
docystic spaces within the dermis and subcutaneous fat
spaces replacing the fat lobules with surrounding sclerosis
and an inflammatory infiltrate composed of foamy histio-
cytes and multinucleated giant cells (Fig. 8).62,63

FIGURE 8. Paraffinoma (hematoxy-
lin and eosin, A ·4, B ·20).
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Localized Involutional Lipoatrophy
LIL is an idiopathic adipose tissue loss without

antecedent inflammation.64,65 It usually involves sites of ante-
cedent trauma, intramuscular or intra-articular injections, and
typically manifests as a solitary asymptomatic atrophic hypo-
pigmented depression (Fig. 9).

Microscopically, LIL exhibits subcutaneous tissue
changes that resemble fetal adipose tissue with diminution
of the fat lobules in a hyalinized and highly vascularized
stroma (Fig. 9).64,65 However, superficial biopsies that do
not reach the subcutaneous tissue may lead to diagnostic
pitfall as, occasionally, overlying scleroderma-like changes
of epidermal atrophy, prominent pandermal sclerosis with
homogenized collagen bundles, entrapment of eccrine glands
with loss of the perieccrine fat pad, and loss of appendageal
structures may be observed with LIL.

Postirradiation Pseudosclerodermatous Panniculitis
Postirradiation pseudosclerodermatous panniculitis is

an unusual variant of panniculitis secondary to treatment with
external radiotherapy.66,67 Usually misdiagnosed as cutaneous
metastasis of the primary neoplasm, it clinically presents as an
indurated plaque in previously irradiated area.

Microscopically, it is a mostly lobular panniculitis
without vasculitis.66,67 It shows lipophagic granuloma involv-
ing the fat lobules, a variable inflammatory lymphoplasma-
cytic cell infiltrate, and sclerotic thickening of the
subcutaneous septa. Dermal vessels may show sclerotic walls
and atypical interstitial bizarre fibroblasts with large pleomor-
phic and hyperchromatic nuclei may be seen.

Sclerosing Lymphangitis
Sclerosing lymphangitis is an uncommon benign con-

dition that develops in sexually active men aged 18–66

years.68 It usually presents suddenly as painless cord-like
translucent structure encircling the penile shaft usually fol-
lowing prolonged and frequent sexual intercourse. The most
likely explanation is traumatic obstruction of the large lym-
phatic vessels.

Microscopy usually reveals deep dermal and subcutane-
ous dilated and thickened lymphatic vessels with surrounding
sclerotic changes and sparse inflammatory infiltrate (Fig. 10).68

Sclerodermoid Chronic GVHD
Scleroder matous GVHD occurs in around 3% of

patients receiving allogeneic bone marrow transplants. Early
lesions appear as circumscribed firm plaques often on lower
aspect of trunk that may slowly spread to become more
generalized (Fig. 11).69–71 It may present with features

FIGURE 9. A, LIL. B and C, Clinical presentation (hematoxylin and eosin, B ·4, C ·40).

FIGURE 10. Sclerosing lymphangitis (hematoxylin and
eosin, ·20).
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resembling eosinophilic fasciitis, deep morphea, or LS. Pro-
gressive restrictive lung disease due to diminished chest wall
compliance may develop. Raynaud phenomenon is rare. Sev-
eral autoantibodies have been reported, including anti-Scl-70,
anti-PM-Scl, aCL, or ANCA.

The sclerodermoid stage of chronic GVHD is charac-
terized by epidermal atrophy with loss of the rete ridge
pattern, loss of adnexal structures, and superficial and/or deep
dermal sclerosis. Pattern of sclerosis may mimic scleroderma,
eosinophilic fasciitis, or LS.69–71 Features of early chronic
GVHD, such as basal cell vaculization, cytoid body forma-
tion, and a chronic inflammatory cell infiltrate, may or may
not be present (Fig. 11). Increased dermal mucin has been
reported.72 Clinicopathologic correlation and laboratory test-
ing are important in making the distinction from scleroderma.

Miscellaneous Disorders Associated With
Sclerodermatous Changes

Sclerosing Panniculitis
Sclerosing panniculitis is a relatively common condi-

tion developing in middle-aged or elderly, overweight
females with history of peripheral venous disease.73 It usu-
ally presents with bilateral and symmetrical indurated,
wood-like sclerodermiform plaques affecting the lower legs
in a stocking “inverted bottle appearance” distribution. The
overlying skin may show atrophy, ulceration, hyperpigmen-
tation, and telangiectasia.

Histopathological findings vary according to the evolu-
tion of the disease from early to intermediate to chronic
stages.73 The early stage is characterized by ischemic necrosis

FIGURE 11. A, Sclerodermoid GVHD. B and C, Clinical presentation (hematoxylin and eosin, B ·4, C ·20).

FIGURE 12. A and B, Lipodermato-
sclerosis (hematoxylin and eosin,
A ·4, B ·20).
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at the center of fat lobules with appearance of pale small
anucleated adipocytes, lobular hemorrhage, and septal lympho-
cytic infiltrate. Intermediate stage exhibits lipophagic fat necro-
sis of the fat lobules, increasing septal sclerosis, and stasis
changes with a dermal perivascular lymphohistiocytic infiltrate.
Late stage shows subcutaneous sclerosis with extensive fat
microcysts and membranous fat necrosis, dermal atrophy,
and stasis changes (Fig. 12). Stasis dermatitis changes of pro-
liferation of capillaries and venules in the papillary dermis,
abundant hemosiderin deposition, and sclerosis are usually
present in all stages but become more severe as the lesions
become more chronic. Ulceration may be seen in chronic cases.

Acrodermatitis Chronica Atrophicans
As a skin manifestation of chronic Lyme borreliosis most

commonly caused by Borrelia afzelii, acrodermatitis chronica
atrophicans mainly affects elderly women in Europe.74–76 It
usually occurs few months to several years after the initial
infection. Lower extremities are usually more affected than
the upper extremities. Early on, violaceous to erythematous
plaques and nodules affect the distal extremities, often insidi-
ously. In late stages, fibrous nodules may develop on extensor
surfaces associated with shiny appearance, prominence of
blood vessels, dyspigmentation, and neurologic abnormalities,
including pruritus, pain, hyperesthesia, and paresthesias.

Histopathologically, early lesions show mild epidermal
atrophy, telangiectasias, and a perivascular lymphocytic infil-
trate with plasma cells.74–76 Late lesions exhibit an atrophic
epidermis, variable dermal sclerosis, and an interstitial

lymphocytic infiltrate with histiocytes and plasma cells.74,76

In addition, 1 study of 110 untreated and serologically con-
firmed patients with acrodermatitis chronica atrophicans re-
ported tight perineural predominantly lymphocytic
inflammation in 8 cutaneous biopsies of fibrous nodules, ulnar
bands, and sclerodermatous lesions. Two cases even revealed
intraneural lymphocytic infiltrate.76 This perineural inflamma-
tion, however, did not correlate with allodynia.

IgG4-Related Sclerosing Disease
IgG4-related sclerosing disease, which is probably an

autoimmune syndrome, usually affects patients in late adult-
hood, with male predominance.77 It is characterized clinically
by mass lesions that commonly involve exocrine glands, ele-
vated serum IgG4 titer, frequent presence of circulating auto-
antibodies, and favorable clinical response to steroid therapy.
Skin involvement, usually in the form of cutaneous plaques or
nodules tending to involve the head and neck, may be either
isolated or as part of systemic disease.

In addition to elevated serum IgG4 titer, IgG4-related
sclerosing disease is characterized by the involvement of
various tissues by lymphoplasmacytic infiltrates with
increased IgG4+ plasma cells in tissues and sclerosis.77 Skin
involvement has been uncommonly reported and, histologi-
cally, these lesions exhibit a dermal and subcutaneous nodular
lymphoid infiltration with numerous plasma cells, sclerotic
stroma, and often presence of lymphoid follicles.

One study even showed that IgG4-related sclerosing
disease may be one of the potential etiologies of cutaneous

FIGURE 13. A and B, Palmar fasciitis
(hematoxylin and eosin, A ·4,
B ·20).

FIGURE 14. A and B, Scleroderma-
like changes following arteriovenous
fistula formation (hematoxylin and
eosin, A ·4, B ·20).
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TABLE 1. Genetic Disorders Characterized by Scleroderma–
Like Changes

Genetic Disorder Characteristics

Stiff skin syndrome Rare; presents in infancy or early
childhood

Stone-hard skin firmly bound to
underlying tissues on thighs and
buttocks

Mild hypertrichosis

Limited joint mobility, contractures

No visceral, vascular, or immunologic
abnormalities

Histopathologically, thickened,
sclerotic, horizontally oriented
collagen bundles in deep reticular
dermis and/or subcutaneous septa
with areas of fascial sclerosis,
increased fibroblast cellularity, and
no associated inflammation are
usually seen

Progeria (Hutchinson–Gilford
syndrome)

Rare hereditary disorder

Starts in the first to second year of life

Shortened life span of 10–15 yrs

Characterized by severe growth
retardation, short stature, low
weight, large head with prominent
scalp veins and alopecia,
plucked bird appearance, skeletal
deformities, wrinkled skin, and
pronounced features of premature
aging

Skin on the limbs and over the
phalanges may be sclerodermatous

Deep dermis and subcutis show
increased collagen bundles with
unaltered elastic fibers

Acrogeria Unclear inheritance and good prognosis

Characterized by atrophic, wrinkled, old
appearing acral skin

Starts soon after birth and may be
associated with pseudoxanthoma
elasticum

Scleroderma-like changes may occur at
distal extremities

Dermal collagen fibers are densely
packed, while elastic fibers are
irregular and decreased

Werner syndrome Rare recessive autosomal disease

Starts at early infancy

Characterized by precocious aging,
short stature, bird-like face, graying
hair, hypotrichosis, cataracts, and
various endocrine disturbances, such
as predisposition to diabetes and
hypogonadism, thin distal limbs, and
deformities and ulcerations of feet
and legs

Cutaneous lesions consist of atrophy,
tightening, and sclerosis on the distal
extremities

TABLE 1. (Continued ) Genetic Disorders Characterized by
Scleroderma–Like Changes

Genetic Disorder Characteristics

Premature death is often caused by
atherosclerosis and cardiovascular
complications

May be associated with various
malignancies

Fibroblast cultures show an increased
synthesis of collagen types I and III

Hereditary sclerosing poikiloderma Very rare autosomal dominant genetic
disease

Characterized by widespread
poikiloderma with accentuation in
flexural areas and over extensor bony
prominences, linear or reticular-
shaped hyperkeratotic and sclerotic
bands in flexural areas, sclerosis of
the palms and soles, clubbing, and
calcinosis of tissues

May also be associated with
musculoskeletal and cardiovascular
abnormalities

Microscopic features include increased
basal cell layer pigmentation,
papillary dermal telangiectasias,
dermal sclerotic changes, and elastic
fiber fragmentation

Melorheostosis Rare mesodermal disease

Characterized by linear bone
hyperostosis and sclerotic changes of
overlying skin; skin features include
vascular/lymphatic and scleroderma/
fibrotic contractures

May be seen in children and adults

Often asymptomatic but joint pain,
stiffness, and deformity may be
present, with limitations of motion

Microscopic changes of sclerotic skin
mimic morphea in showing increased
basal layer pigmentation, increased
collagen within the reticular dermis,
and at times extending to the
underlying subcutaneous tissue

Restrictive dermopathy Rare and lethal autosomal recessive
disease

Characterized by a thin translucent skin
that coats the fetus causing
intrauterine fetal akinesia
deformation sequence with multiple
joint contractures

Polyhydramnios with reduced fetal
movements results in premature
delivery

Most infants die within the first weeks
of life due to respiratory insufficiency

The characteristic histologic skin
abnormalities consist of flattened
epidermis and a compactly arranged
dermal collagen fibers, scant elastic
fibers, and poorly developed
appendages

(continued on next page )
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pseudolymphomas by demonstrating the presence of
increased IgG4+ cells in 2 of 14 cases of cutaneous pseudo-
lymphoma.77 A more recent study even suggested that gran-
uloma faciale might represent a localized form of
IgG4-related sclerosing disease as 6 of 25 patients with gran-
uloma faciale fulfilled the criteria for IgG4-related sclerosing
disease.78 This association was particularly noticeable in male
patients presenting with multiple or recurrent lesions that
showed storiform sclerosis on biopsy.

Fibroblastic Rheumatism
Fibroblastic rheumatism is a rare fibroproliferative con-

dition characterized by the sudden onset of cutaneous nodules,
as well as rapidly progressive and destructive symmetric
inflammatory polyarthritis mainly in adults.79–81 It is character-
ized by the acute simultaneous onset of firm, skin-colored pap-
ules and nodules of the para-articular sites, after or, rarely,
before the rheumatological symptoms. It may have associated
sclerodactyly or Raynaud phenomenon.

Microscopy usually shows a well-circumscribed non-
encapsulated nodular proliferation of spindle- or stellate-
shaped cells in the dermis and the upper subcutaneous tissue
with thickening and hyalinization of the collagen fibers often
in a whorl-like pattern and a mild perivascular lymphohistio-
cytic infiltrate.79–81 Elastic fibers are usually decreased. The
epidermis is normal and there is also no increased mucin
deposition. Spindle cells are usually strongly positive for
smooth muscle actin and partially positive for CD68 and
calponin, whereas CD34, CD163, FXIIIa, PS100, EMA,
and desmin are negative.

Palmar Fasciitis
Palmar fasciitis is a paraneoplastic condition character-

ized by flexion contractures, generalized arthritis of the hands,
inflammatory fasciitis, and sclerosis.82,83 It has been associ-
ated with hematological malignancies and cancers of the lung,
prostate, breast, pancreas, bladder, and ovaries. It usually
presents clinically as bilateral pain and limitation involving
the shoulders and hands (elbows, wrists, knees, ankles, and
feet are involved less commonly) with prominent palmar

fasciitis and polyarthritis. It does not usually respond to treat-
ment with glucocorticoids or chemotherapy.

Skin biopsy usually exhibits mild dermal sclerosis,
marked thickening of deep dermal and subcutaneous connec-
tive tissue with hyalinization of collagen bundles, fibrohis-
tiocytic cells arranged interstitially and in short fascicles, and
a mild lymphoplasmacytic infiltrate (Fig. 13).82,83 Colloidal
iron stain may show mild increase in mucin deposition in the
dermis and subcutis. There have also been reports of C3, IgM,
and IgG deposition but without consistency.

Cutaneous Sclerosis With Sclerosing Mesenteritis
Cutaneous sclerosis has also been reported once as

a manifestation of sclerosing mesenteritis, which is a rare
idiopathic self-limited disease characterized by nonspecific
inflammation and sclerosis of the mesenteric adipose tissue,
especially of the small bowel, commonly in elderly men.84

Histopathologically, mesenteric involvement evolves in 3
stages with main features of extensive fat necrosis (mesenteric
lipodystrophy), nonspecific chronic inflammation (mesenteric
panniculitis), and subsequent florid sclerosis (sclerosing mes-
enteritis). The reported patient presented with multiple, asymp-
tomatic, indurated subcutaneous nodules on both arms and 2
indurated plaques on her abdomen roughly 3 years before the
diagnosis of sclerosing mesenteritis. Cutaneous biopsy findings
revealed features almost identical to those seen in the mesen-
teric adipose tissue with almost total replacement of subcuta-
neous tissue by well-demarcated zones of woody sclerosis and
fat necrosis with surrounding mild lymphocytic infiltrate ad-
mixed with histiocytes and lipophages. Focal calcification was
seen in some of the sclerotic zones. Plasma cells were absent,
blood vessels were unremarkable, and the overlying epidermis
and dermis were essentially unaffected.

Scleroderma-Like Changes Following Arteriovenous
Fistula Formation

Limited scleroderma-like changes, including progressive
skin thickening, Raynaud phenomenon, sclerodactyly, and
painful cutaneous ulcers, have rarely been reported following
formation of an arteriovenous fistula (Fig. 14).85 A revascular-
ization procedure in one of the cases succeeded in improving
the scleroderma features suggesting that limb ischaemia and
tissue hypoxia contribute to the pathogenesis of these
scleroderma-like changes in arteriovenous fistula setting.

Inherited Disorders Associated With
Scleroderma-Like Changes

In addition to PCT and phenylketonuria, several other
genetic disorders are associated with scleroderma-like changes
that may be clinically and histopathologically indistinguishable
from the idiopathic counterpart.83–97 Their main clinical and
microscopic features have been summarized in Table 1.

Sclerodermatous Changes Induced by
Exogenous Factors

Several exogenous substances including environmental
chemicals and drugs are able of inducing scleroderma-like
changes that may be clinically and histopathologically
indistinguishable from the idiopathic counterpart.98–100 These

TABLE 1. (Continued ) Genetic Disorders Characterized by
Scleroderma–Like Changes

Genetic Disorder Characteristics

Scleroatrophic Huriez syndrome Also know as palmoplantar
keratoderma with sclerodactyly

Rare genodermatosis of autosomal
dominant inheritance

Characterized by scleroatrophy of hands
and feet, nail hypoplasia,
palmoplantar keratoderma, and
hypohidrosis, and development of
aggressive squamous cell carcinoma
on affected skin in 15% of patients

Microscopic features of scleroatrophic
skin may include hyperkeratosis,
hypergranulosis, marked acanthosis,
thickened dermal collagen bundles,
and scant inflammation
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have extensively been reviewed elsewhere and have been
listed in Table 2.

Neoplasms Associated With Sclerotic Stroma
Sclerotic stroma may occur in association with several

cutaneous neoplasms, in which the cellular component is
typically minimal and characterized by spindled tumor cells
scattered either singly or, occasionally, in a fascicular pattern
between sclerotic collagen bundles.4,101–106 This type of stro-
mal response has classically been associated with the malig-
nant phenotype of noncutaneous neoplasias of varying
origins; however, sclerosis, in cutaneous pathology, may be
seen in malignant and benign tumors of varying origins

(Table 3). The histopathological features of most of these
neoplasms have been extensively reviewed elsewhere.4,107–111

CONCLUSIONS
Although characteristic of scleroderma, skin thickening

may occur in various other settings. Knowledge of the clinical
features and the key microscopic features may be needed for
the correct diagnosis of scleroderma-like disorders because
the differentiation among scleroderma-like diseases is essen-
tial for providing the appropriate management.
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CME EXAMINATION
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Please mark your answers on the ANSWER SHEET.

After completing this CME activity, physicians should be able to formulate differential diagnosis and render diagnosis of
selected inflammatory disorders.

1. All the following can be seen in both scleromyxedema and nephrogenic systemic fibrosis except

A. Increased mucin
B. CD34-positive dermal spindled cells
C. Procollagen I-positive dermal spindled cells
D. Dermal infiltrate
E. Sclerotic bodies

2. Localized involutional lipoatrophy is characterized by:

A. Idiopathic adipose tissue loss without antecedent inflammation
B. Sites of antecedent trauma
C. Diminution of fat lobules in a hyalinized and highly vascularized stroma microscopically
D. Exhibition of overlying scleroderma-like changes
E. All of the above

3. All these are characteristics of scleredema except

A. Absence of Raynaud’s phenomenon
B. Compressed or absent appendages
C. Absence of acral sclerosis with calcification
D. Diffuse dermal sclerosis
E. Focal mucin depostion
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4. Which of the following is not a histopathological feature of eosinophilic fasciitis?

A. Frequent extension into the overlying subcutaneous tissue and deep dermis
B. Increased dermal mucin deposition
C. Occasionally Lymphoid follicles
D. Perineural inflammation rarely seen
E. None of the above

5. All of these features may be seen in Lichen sclerosus except

A. Interface change
B. Hyalinization and sclerosis of upper dermis
C. Telangiectasia and purpura
D. Pseudooepitheliomatous hyperplasia commonly in extra-genital LS
E. Loss of elastic fibers and elastophagocytosis in the homogenized zone
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