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Scleroderma in Children
Francesco Zulian, MD
Pediatric Rheumatology Unit, Department of Pediatrics, University of Padova,
Via Giustiniani 3 35128, Padua, Italy

Juvenile scleroderma syndromes are multisystem autoimmune rheumatic diseases whose unifying characteristic is the presence of hard skin and onset before
16 years of age. They can be separated into two main categories: localized
scleroderma (morphea) in which there is skin sclerosis but no vascular or internal
organ involvement, and systemic sclerosis, in which there is diffuse skin sclerosis involving many sites of the body together with internal organ involvement.

Juvenile systemic sclerosis
Juvenile systemic sclerosis is a chronic multisystem connective tissue disease
characterized by sclerodermatous skin changes and widespread abnormalities of
the viscera. In this condition the symmetrical fibrous thickening and hardening
of the skin accompany fibrous changes in internal organs, such as esophagus,
intestinal tract, heart, lungs, and kidneys.
Classification
According to of the 1980 American College of Rheumatology classification
criteria for adults, the diagnosis of systemic sclerosis requires the presence of
either the major criterion (diffuse scleroderma involving areas proximal to the
metacarpophalangeal or metatarsophalangeal joints) or of two minor criteria
(sclerodactyly, digital pitting scars, bibasilar pulmonary fibrosis) [1]. This classification was designed to be specific rather than sensitive to minimize false-
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positive ascertainment. Subsequently, the widespread use of nailfold capillary
microscopy, more precise autoimmune serologic tests, and early detection of
Raynaud’s phenomenon in patients who, years later, developed systemic sclerosis, have shown the need for a more comprehensive classification.
Because of these issues and the lack of an acceptable classification for
pediatric patients, a multicenter multinational project, sponsored by the Pediatric Rheumatology European Society (PRES), was organized to define nomenclature and criteria that allow the classification of homogeneous groups of
patients with juvenile systemic sclerosis on the basis of clinical features and
laboratory parameters. As a final step of this 3-year project, a consensus conference, including pediatric and adult rheumatologists and dermatologists, was
convened in Padua, Italy, June 3 through 6, 2004. By using both Delphi and
Nominal Group Technique methodologies, the preliminary classification criteria
that define a patient as having juvenile systemic sclerosis were identified and
are in the process of being validated (Box 1) [2].

Epidemiology
In general, systemic sclerosis has an estimated annual incidence from 0.45 to
1.9 per 100,000 and a prevalence of approximately 15 to 24 per 100,000 [3].
Onset in childhood is uncommon: children under 10 years account for fewer than
2% of all cases, and it has been estimated that fewer than 10% of all patients
develop systemic sclerosis before the age of 20 years [4–7]. No racial predilection
or peak age of onset has been determined for children [8]. More accurate
epidemiologic data are lacking.

Etiology and pathogenesis
The cause of systemic sclerosis is unknown despite significant advances
in the understanding of the pathogenetic mechanisms [9]. The disease can be
represented as tripartite process in which dysfunction of the immune system,
endothelium, and fibroblasts are mutually involved in a complex process characterized prominently by fibrosis.
Cellular immunity plays a major role in the initiation of scleroderma. This role
is clearly indicated by the presence of mononuclear cell infiltrates in early lesions, altered function of T-helper and natural killer cells, and release of various
cytokines, chemokines, and growth factors. The early infiltrates of mononuclear
cells release several cytokines and chemokines that in turn have effects on both
endothelial cells and fibroblasts. Several growth factors, such as transforming
growth factor b (TGF-b) and connective tissue growth factor, have also been
noted in scleroderma skin. They stimulate the synthesis of extracellular matrix
components and promote fibrosis [10–13]. Several cytokines (interleukins [IL]-1,
-2, -4, -6, -8, and -12) are increased in scleroderma serum or in scleroderma
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Box 1. Preliminary criteria for the classification of juvenile systemic
sclerosis
Major criteria
Sclerosis/induration
Sclerodactyly
Raynaud’s phenomenon
Minor criteria
Vascular
Nailfold capillaries changes
Digital ulcers
Gastrointestinal
Dysphagia
Gastroesophageal reflux
Renal
Renal crisis
New-onset hypertension
Cardiac
Arrhythmias
Heart failure
Respiratory
Pulmonary fibrosis (High-resolution CT/radiograph)
Pulmonary diffusion (DLCO)
Pulmonary hypertension
Muskuloskeletal
Tendon friction rubs
Arthritis
Myositis
Neurologic
Neuropathy
Carpal tunnel syndrome
Serologic
Antinuclear antibodies
Systemic sclerosis–specific antibodies (Scl-70, Anticentromere,
PM-Scl)
skin (IL-4, -6, and -8) [14–17]. Specific cytokines such as tumor necrosis factor
(TNF) promote fibrosis. Others, such as interferon-g, are potent suppressors of
collagen synthesis (Fig. 1).
Evidence that endothelial cells are damaged is provided by the elevated levels
of factor VIII–related antigen, reduced plasma angiotensin-converting enzyme
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Fig. 1. Sequence of events involved in the onset of juvenile systemic sclerosis. CMV, human
cytomegalovirus; CTGF, connective tissue growth factor; ICAM-1, intracellular adhesion molecule-1;
IFN-g, interferon-g; PDGF, platelet-derived growth factor; VCAM-1, vascular cell adhesion molecule-1.
(Modified from Jimenez SA, Derk CT. Following the molecular pathways toward an understanding of
the pathogenesis of systemic sclerosis. Ann Intern Med 2004;160:37–50; with permission.)
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(ACE) activity, and accelerated endothelial cell apoptosis [18–20]. The microvascular injury leads to arteriolar intimal fibrosis and narrowing of the vascular
lumen, which results in ischemic damage.
Microchimerism, the presence in an individual of a very low level of cells
derived from different individuals, was postulated as a possible cause of scleroderma. This hypothesis was considered because of the frequent occurrence of
sclerodermatous skin involvement in patients with graft-versus-host disease.
Although microchimerism can be identified in normal persons, chimeric cells
are increased in number in patients with scleroderma and are more similar to
the maternal cells than in normal persons [21,22]. These studies concluded
that fetal antimaternal graft-versus-host reactions may play an important role in
the pathogenesis of scleroderma [23].

Clinical features
Early signs and symptoms
The presenting signs and symptoms of juvenile systemic scleroderma are
shown in Table 1. The onset is often characterized by the development of
Raynaud’s phenomenon and tightening, thinning, and atrophy of the skin of the
hands and face [24–26]. There is often a diagnostic delay of years because of
the subtle nature of this presentation and the insidious onset of cutaneous
abnormalities [8,26–28].
Cutaneous changes characteristically evolve in a sequence beginning with
edema, followed by induration and sclerosis resulting in marked tightening and
contracture, and finally leading to atrophy. During the sclerotic phase, the skin
becomes waxy in texture, tight, hard, and bound to subcutaneous structures. This
phenomenon is particularly noticeable in skin of the digits and face; the characteristic expressionless appearance of the skin may be the first clue to diagnosis.
The long-term consequence of edema and sclerosis is atrophy of skin and
adnexa accompanied by areas of hypopigmentation or hyperpigmentation and,
often, by deposition of calcium salts in the subcutaneous tissues [29].

Table 1
Presenting signs and symptoms in children with systemic sclerosis
Signs and symptoms

% patientsa (N = 164)

Skin tightening
Raynaud’s phenomenon
Arthralgia
Muscle weakness and pain
Subcutaneous calcification
Dysphagia
Dyspnea

84.4
72.4
32.2
17.1
10.2
15.5
14.1

a

Percentage calculated only on those series in which detailed information was provided.
Data from refs [8,24–29].
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Telangiectases, characteristic signs of juvenile systemic sclerosis, are fine,
macular dilatations of cutaneous or mucous-membrane blood vessels. The periungual nailfold is often the most obvious early location and on examination
with an ophthalmoscope demonstrates capillary dropout, tortuous dilated loops,
and, occasionally, distorted capillary architecture [30]. Digital pitting, sometimes
with ulceration, occurs in the pulp of the fingertips as a result of ischemia.
Raynaud’s phenomenon occurs in 80% to 90% of children and is often the
initial symptom of the disorder, in some instances preceding other manifestations by years [31]. Raynaud’s phenomenon is much more common in the fingers than elsewhere, but it can be observed in toes and, occasionally, ears, tip of
the nose, lips, or tongue.
Musculoskeletal symptoms are common in juvenile systemic sclerosis and
characteristically occur at or near the onset of the disease. Among the 127 children with juvenile systemic sclerosis included in the Padua International database of PRES, 36% had musculoskeletal symptoms during the course of the
disease [8]. Arthralgia is usually mild and transient; joint contractures are most
common at the proximal interphalangeal joints and elbows, but other joints
are also affected. Muscle inflammation can occur in up to 38% of children and
seems to be the characteristic feature of the overlapping presentation of the
disease in children [32].
Upper gastrointestinal involvement is present in almost 40% of the patients
during the course of the disease, and dysphagia may be one of the presenting
signs in 14% of children [8]. Typically, dysphagia is caused by esophageal
dysmotility and gastroesophageal reflux. Small bowel involvement develops in
up to 50% of children, usually in association with esophageal or colonic disease
[33]. Radiologic and functional studies of the gastrointestinal tract often demonstrate characteristic abnormalities even in the absence of symptoms. Manometry
and intra-esophageal 24-hour pH monitoring provide more sensitive indicators
of diminished lower sphincter tone and presence of reflux [34].
Cardiopulmonary disease, although uncommon at presentation, is a primary
cause of morbidity among children with juvenile systemic sclerosis [26,35].
Cardiac fibrosis causes conduction defects, arrhythmias, and impaired ventricular
function. Pericardial effusions are quite common but usually are not hemodynamically significant. Severe cardiomyopathy, although rare, can be one of the
causes of early death in these patients and requires prompt and aggressive
immunosuppressive treatment [35]. Cardiorespiratory complications are probably the greatest cause of juvenile systemic sclerosis–related death. Pulmonary
involvement, although frequently asymptomatic, can manifest as dry, hacking
cough or dyspnea on exertion [36]. Interstitial pulmonary fibrosis is a devastating complication but, unlike in adults, is rarely reported in children [8].
Pulmonary vascular disease can occur secondary to pulmonary fibrosis, but it
is the isolated form of this complication, typically occurring in the limited variety of juvenile systemic sclerosis, that seems to have a much worse prognosis.
High-resolution CT (HRCT) may reveal pulmonary disease even in the presence
of a normal chest radiograph. In children, the most frequent HRCT findings
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are ground-glass opacification, subpleural micronodules, linear opacities, and
honey combing [37,38]. Pulmonary diffusion (DLCO) and spirometry are sensitive measures of involvement of the respiratory tract. Echocardiography is
important in confirming early pulmonary hypertension by documenting a dilated right ventricle and blood pressure in the pulmonary artery.
Few data on the prevalence of renal involvement in children are available,
although children seem to have less kidney involvement than adults [25,26].
Among children included in the International Padua database, 9.4% had renal
involvement, and only one developed renal crisis [6]. Although renal involvement can be indolent, the abrupt onset of accelerated hypertension with acute
renal failure (scleroderma renal crisis) is the most feared complication.
The most frequently described central nervous system (CNS) abnormality
is cranial nerve involvement. Peripheral neuropathies are uncommon ( 1.6%).
Clinical involvement of the CNS is usually secondary to renal or pulmonary
disease [39].
Table 2 summarizes the prevalence of the involvement of organ systems
during the course of the disease.
Laboratory findings
Anemia, although not common, is present in approximately one fourth of
patients and is characteristic of the anemia of chronic disease. Less commonly, in
case of chronic malabsorption, macrocytic anemia, reflecting vitamin B12 or
folate deficiency, may occur. Microangiopathic hemolysis or bleeding from muTable 2
Organ system involvement during the course of disease in children with systemic sclerosis
Organ system
Skin
Subcutaneous calcification
Ulcerations
Raynaud’s phenomenon
Musculoskeletal system
Arthritis/arthralgia
Muscle weakness
Gastrointestinal tract
Abnormal oesophageal motility
Lungs
Abnormal diffusion
Abnormal vital capacity
Heart
Electrocardiographic abnormalities
Congestive heart failure
a

No. observeda

Percentage

28/135
57/133
115/141

21
43
82

46/127
34/137

36
25

51/135

38

47/89
66/109

53
61

9/139
10/139

7
7

Cumulative series from Martini G, Foeldvari I, Russo R, et al. Systematic scleroderma
syndromes in children: clinical and immunological characteristics of 181 patients. Arthritis Rheum
2003:48(9):S512; and Cassidy JT, Sullivan DB, Dabich L, et al. Scleroderma in children. Arthritis
Rheum 1977;20:351–4.
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cosal telangiectases may also occur. Leukocytosis is not prominent but when
present may correlate with advanced visceral or muscle disease. Synovial fluid
contains increased protein content and polymorphonuclear leukocytosis. Pericardial fluid has the characteristics of an exudate.
Antinuclear antibodies (ANA) are frequently demonstrated in the sera of
children with juvenile systemic sclerosis. The prevalence of ANA positivity
in the Padua database was 80.8%, a frequency lower than reported in adults
[8]. The prevalence of Scl-70 (anti-topoisomerase I) ranges from 20% to 30%,
whereas anticentromere antibodies are much less common than in adults
(approximately 7%) [8,32]. In adults, Scl-70 antibodies occur most frequently
in patients with diffuse systemic sclerosis, in whom it is associated with
peripheral vascular disease and pulmonary interstitial fibrosis [40]. Anticentromere antibodies occur almost exclusively in adult patients with limited
systemic sclerosis in association with calcinosis, telangiectases, and the late
development of pulmonary hypertension.
Management
The management of patients with juvenile systemic sclerosis presents one of
the most difficult and frustrating challenges in pediatric rheumatology. None of
the agents currently used as disease-modifying treatments for juvenile systemic
sclerosis have undergone rigorous placebo-controlled evaluation.
Methotrexate, a proven effective drug for juvenile idiopathic arthritis, showed
clinical benefit in adult systemic sclerosis as documented by skin score and
pulmonary function [42]. Unfortunately, a substantially larger study from North
America was negative [43]. Mycophenolate mofetil has recently been used for
scleroderma. The apparent safety and tolerability of this drug makes it a potential choice as an immunodulatory drug for maintenance [44], but its role needs
to be defined by controlled clinical trials.
Glucocorticoids are generally ineffective except during the early inflammatory
stage of muscle involvement or in the edematous phase of the cutaneous disease
[45]. Because higher doses seem to be associated with an increased frequency
of renal crisis [46], their use should be accompanied by vigilant monitoring of
the renal function.
Because TNFa antagonizes a number of profibrotic cytokines, including
TGF-b1, it was postulated that its blockade would be beneficial in systemic
sclerosis. A pilot study treating 10 patients with early diffuse systemic sclerosis suggests that treatment with soluble TNFa receptor (etanercept) is well
tolerated, although conclusions about efficacy would be premature [47].
Autologous hemopoietic stem cell transplantation (HSCT) represents one of
the most aggressive recent approaches to therapy for juvenile systemic sclerosis
[48]. The rationale for this therapy is that ablation of self-reactive lymphocyte
clones responsible of the autoimmune process may block pathogenesis of the
disease. A multicenter study in adults reported that HSCT improved skin score
in nearly 70% of patients, did not affect lung function, and halted pulmonary hy-
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pertension. Disease progression occurred in 19% of patients, however, and 17%
died of complications related to the procedure [49]. The European Bone Marrow
Transplantation/European League Against Rheumatism (EBMT/EULAR) registry has recently reported similar results. In this study, a durable clinical response
was observed in two thirds of the patients. Treatment-related mortality was 9%
[50]. Because of this mortality rate, HSCT must be considered carefully for
systemic sclerosis patients, especially children.
During the last few years, the use of d-penicillamine has decreased. Several
studies examining its effect in systemic sclerosis were either retrospective [51,52]
or poorly controlled [53]. A carefully executed, double-blind RCT showed no
difference between high-dose (750–1000 mg daily) and low-dose (125 mg on
alternate days) regimens, certainly providing no justification for using high
doses [54]. Although there are no controlled studies on the use of d-penicillamine
in juvenile systemic sclerosis, it is a well-known antifibrotic agent and may still
have a place in the treatment of this disease in combination with other antiinflammatory or immunosuppressive agents.
Therapy of specific complications
Raynaud’s phenomenon is difficult complication to treat. The most widely
used vasodilator agents are the calcium channel blockers. Nifedipine is most
widely recommended, although this priority may change as new agents are
developed. In several controlled trials, nifedipine has been well tolerated, has
reduced the frequency and severity of Raynaud’s phenomenon, and promoted
healing of cutaneous ischemic ulcers [55–57]. Intermittent infusions of prostacyclin or its analogues have been reported to be safe and effective in treatment
of Raynaud’s phenomenon and ischemic digits of children with juvenile systemic
sclerosis and other connective tissue diseases [58]. Orally active formulations
of prostacyclin or its analogues are an attractive alternative, but unfortunately
two large studies from Europe and North America have failed to demonstrate
efficacy [59,60].
In the past, renal involvement was the leading cause of mortality in patients
with systemic sclerosis. ACE inhibitors (eg, captopril, quinapril) are useful in
preventing vascular damage, providing effective long-term control of blood
pressure, and stabilizing renal function [61–63].
Cyclophosphamide is used in treatment of scleroderma-associated pulmonary
fibrosis. A number of retrospective series have suggested its efficacy and have
delineated factors associated with responsiveness [41]. As in other disorders, the
toxic side effects of cyclophosphamide, such as premature ovarian failure, opportunistic infections, and the possibility of late secondary malignancies, should
be carefully balanced against efficacy. Following the experience in adults, it
is common practice to combine cyclophosphamide (monthly intravenous infusions of 500–750 mg/m2) with prednisone (0.3–0.5 mg/kg/day). Treatment is
generally recommended for at least 6 to 9 months. Controlled trials comparing
cyclophosphamide treatment with placebo are underway, and a recently reported
open study was encouraging [64].
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Continuous infusion of prostacyclin (or analogues such as epoprostenol) has
been used with good results to treat pulmonary hypertension occurring in the
context of established interstitial lung fibrosis or in limited systemic sclerosis
[65,66]. Recently an endothelin-1 receptor antagonist, bosentan, was demonstrated to be safe and effective in the treatment of pulmonary hypertension [67].
The oral formulation and the potential use for other vascular complications are
important factors for its use in juvenile systemic sclerosis.
Course of the disease and prognosis
Generally, the prognosis of juvenile systemic sclerosis is poor. Skin tightness
and joint contractures inevitably lead to severe disability [68]. It has been
reported that the skin may eventually soften years after onset of the disease.
The most common causes of death in children are related to involvement of
the cardiac, renal, and pulmonary systems. Arrhythmias may develop during the
course of the disease secondary to myocardial fibrosis. Cardiomyopathy,
although rare, can be one of the causes of early death, especially in children
[35]. Interstitial lung disease and renal failure or acute hypertensive encephalopathy lead to potentially fatal outcomes in a few children and seem more likely
to occur early in the course of the disease.
Survivorship has not been determined in any large series of children; because
of the rarity of this disease, few retrospective data are available [6,69]. The
mortality rate in adults, particularly under the age of 35 years, is significantly
increased, and the extent of sclerosis of the skin seems to be an important
determining factor in prognosis [70].

Juvenile localized scleroderma
Definition and classification
Juvenile localized scleroderma is a distinct entity from juvenile systemic
sclerosis because of its almost exclusive cutaneous involvement and, with some
exceptions, internal organs are not involved. The most widely used classification
divides juvenile localized scleroderma into five general types: plaque morphea,
generalized morphea, bullous morphea, linear scleroderma, and deep morphea
(Box 2) [71]. Some conditions, such as atrophoderma of Pasini and Pierini,
eosinophilic fasciitis, or lichen sclerosus and atrophicus, are classified among the
subtypes of juvenile localized scleroderma, but their inclusion is still controversial. Indeed, this classification does not include the mixed forms of juvenile
localized scleroderma in which different types of lesions occur in the same
individual and which are probably more common than previously recognized. A
multiphase project considering all these issues and sponsored by the PRES is
developing new classification criteria for juvenile localized scleroderma [2].
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Box 2. The Mayo Clinic classification of localized scleroderma
Plaque morphea
Morphea en plaque
Guttate morphea
Atrophoderma of Pasini and Perini
Keloid morphea
[Lichen sclerosus et atrophicus]
Generalized morphea
Bullous morphea
Linear scleroderma
Linear morphea
En coup de sabre scleroderma
Progressive hemifacial atrophy
Deep morphea
Subcutaneous morphea
Eosinophilic fasciitis
Morphea profunda
Disabling pansclerotic morphea

Epidemiology
Although localized scleroderma is relatively uncommon, it is far more common than systemic sclerosis in childhood, by a ratio of at least 10:1 [72,73]. Few
adequate studies have addressed the incidence or prevalence of this disorder,
which is believed to occur only in up to 1 per 100.000 of the population [73].
It has been reported that in pediatric rheumatology practice around 2% of the
patients have localized scleroderma, that is approximately one case of localized
scleroderma for every 20 cases of juvenile rheumatoid arthritis [74]. Many
patients seen by dermatologists are never referred to rheumatologists because
of the mild nature of their disease, however.

Etiology and pathogenesis
The causes and pathogenesis of the localized sclerodermas are unknown. As
in systemic sclerosis, the focus of much investigation is on abnormalities of
regulation of fibroblasts, production of collagen, and immunologic abnormalities.
Autoimmunity, environmental factors, infection, and trauma have all been associated with localized disease. It seems certain that autoimmunity is an important etiologic factor, given the presence of abnormal serum antibodies in
patients with localized scleroderma.

532

zulian

A number of drugs and environmental toxins, including bleomycin, ergot, bromocriptine, pentazocine, carbidopa, and vitamin K1, have resulted in
scleroderma-like reactions [75]. Although some studies have documented
evidence of Borrelia Burgdorferi infection in patients with morphea [76],
serologic testing for Lyme disease is not likely to be helpful in the evaluation
of patients with juvenile localized scleroderma unless they have been in an endemic area [77].
Trauma has been implicated in initiation of lesions in 2.6% to 12.7% of
the patients [78,79,116]. The mechanism by which a physical trauma may contribute to the development of scleroderma is unclear. Some authors have suggested a role for cytokines and neuropeptides such as endothelin-1 that normally
are involved in the process of wound healing [78,80], but further studies are
needed to elucidate the pathogenetic process fully.
A positive family history for rheumatic or autoimmune diseases was reported
in approximately 12% of patients in two series [78,81].

Clinical features and subtypes of localized scleroderma
Plaque morphea is characterized by oval or round circumscribed areas of
induration with a central waxy, ivory area surrounded by a violaceous halo
(Fig. 2). It is confined to the dermis with only occasional involvement of the
superficial panniculus. Depending on the shape and size of the lesions, various
subtypes of plaque morphea have been described (guttate, keloid morphea,
atrophoderma of Pasini and Pierini). The plaques may be of different sizes and
evolve from an erythematous inflammatory stage through a sclerotic indurated
phase with surrounding inflammation and subsequently to softening and dermal atrophy with associated hypopigmentation or hyperpigmentation. Atrophoderma of Pasini and Pierini, characterized by hyperpigmented atrophic patches
with well-demarcated borders, may coexist with other sclerotic lesions or represent the involutionary phase of plaque morphea.

Fig. 2. Plaque morphea.
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When individual plaques become confluent or multiply and affect three or
more anatomic sites, the condition is called generalized morphea.
In the rare subtype of bullous morphea, lesions are probably related to
lymphatic obstruction secondary to the sclerodermatous process [82].
Linear scleroderma is the most common subtype in children and adolescents
[73]. It is characterized by one or more linear streaks that typically involve an
upper or lower extremity (Fig. 3). With time, the streaks can extend through the
dermis, subcutaneous tissue, and muscle to the underlying bone causing significant deformities.
When a linear lesion involves the face or scalp, it is referred to as en coup de
sabre scleroderma because the lesion is reminiscent of the depression caused by
a dueling stroke from a sword (Fig. 4).
Parry–Romberg syndrome (PRS) is characterized by hemifacial atrophy of
the skin and tissue below the forehead, with greater involvement of the lower
face than in en coup de saber scleroderma and relatively minor involvement of
the superficial skin. PRS probably represents the severe end of the spectrum of
en coup de saber scleroderma, because some cases of PRS have definite localized
scleroderma lesions on the face and in the other parts of the body [83]. Also,
much like PRS, some typical localized scleroderma lesions present no evidence
of inflammation and sclerosis preceding the severe atrophy on the limbs [84,85].

Fig. 3. Linear scleroderma.
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Fig. 4. En coup de sabre scleroderma.

A number of associated disorders, including seizures, uveitis, and dental and
ocular abnormalities, have been reported in both conditions,.
Deep morphea is the least common but most disabling variant and includes
subcutaneous morphea, eosinophilic fasciitis, morphea profunda, and disabling
pansclerotic morphea of children.
In subcutaneous morphea, the primary site of involvement is the panniculus
or subcutaneous tissue [86]. The plaques are hyperpigmented, symmetric, and
somewhat ill defined.
In morphea profunda, the entire skin feels thickened, taut, and bound down,
sometimes with the appearance of a solitary, indurated plaque [87,88]. Disabling
pansclerotic morphea, an extremely rare but severe disorder, is characterized
by generalized full-thickness involvement of the skin of the trunk, extremities,
face, and scalp with sparing of the fingertips and toes (Fig. 5) [89]. In eosinophilic fasciitis, lesions typically involve the extremities but spare the hands
and feet and have a peau d’orange appearance [90,91]. Reports of combined
syndrome of fasciitis and morphea and histologic changes similar to eosinophilic
fasciitis found in some subtypes of localized scleroderma seem to strength the
hypothesis that this disorder may be a subtype of juvenile localized scleroderma
[92]. Conversely, the characteristic cutaneous features such as pitting edema,
diffuse painful areas with peau d’orange appearance, increased serum acute-phase
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Fig. 5. Pansclerotic morphea.

reactants, peripheral blood eosinophilia, and hypergammaglobulinemia may
suggest a separate nosologic classification.
Extracutaneous involvement
During the last decade, the publication of some case reports on possible
transition from localized to systemic scleroderma and of case series of patients
with localized scleroderma and internal organ involvement [93,94] have raised
suspicions that systemic sclerosis and localized scleroderma are not always
clearly distinct.
Approximately one fourth of patients with juvenile localized scleroderma
have been reported as having one or more extracutaneous manifestations during
the course of the disease [93–95]. Articular involvement is the most frequently
reported complication of juvenile localized scleroderma, accounting for almost
one half of the reported extracutaneous manifestations especially in the linear
subtype [95]. Sometimes arthritis is completely unrelated to the site of the
skin lesion.
Epilepsy and recent-onset headache are the most frequent reported neurologic involvements [88–99], but behavioral changes and learning disabilities
have also been described [100,101]. Other abnormalities on MRI such as cal-
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cifications and white matter changes, vascular malformations, and even CNS
vasculitis have been reported [102–105].
Ocular changes are almost exclusively reported in linear scleroderma
involving the face. They include eyelid or eyelash abnormalities, inflammatory
changes such as uveitis, episcleritis, keratitis, glaucoma, and xerophthalmia, and
motility disorders [105–110].
Gastroesophageal reflux has been reported in adults and children with localized scleroderma [93,95,111,112]. Respiratory involvement, consisting of restrictive changes with mildly decreased respiratory volume and impaired DLCO,
was reported [94,95,113].
Systemic manifestations are rarely observed in localized scleroderma, although internal organ involvement is frequently found when searched for systematically. These extracutaneous manifestations, usually mild, may suggest that
localized scleroderma and systemic sclerosis represent two ends of a continuous
spectrum of disease.
Single-case reports have reported a transition from localized scleroderma
to systemic sclerosis in children [114,115]. In adults this evolution has been
reported in 0.9% and 1.3% of the patients [94,116]; it is reported more rarely
in children (0.13%) [95].
Considering this low prevalence of transition to systemic sclerosis and the
lack of prospective follow-up studies, a practical suggestion could be to investigate for eye and CNS complications in patients with head involvement (en coup
de saber scleroderma or PRS) and to look for internal organ involvement in other
patients with juvenile localized scleroderma only if they are symptomatic.

Laboratory results
The diagnosis of localized scleroderma is established by the clinical picture,
sometimes aided by biopsy of skin or subcutaneous tissues. The erythrocyte
sedimentation rate may be increased in the subtypes of the disease with active
inflammation, such as eosinophilic fasciitis. Eosinophilia and hypergammaglobulinemia are hallmarks of this disorder but also may occur in linear scleroderma and the other deep subtypes. Rheumatoid factor is present in 25% to
40% of patients [81,117,118], and higher titers are usually associated with
more severe cutaneous and articular involvement [114].
ANA can be present in any of the morphea subtypes with a frequency ranging from 23% to 73% [81,119]. ANAs were found in 34% to 50% of patients
with plaque morphea, 31% to 100% of those with generalized morphea, and
47% to 67% of those with linear scleroderma [81,120]. Anti-Scl70 antibodies,
a marker of systemic sclerosis in adults, were positive in 2% to 3% patients.
[81,121,122]
Anticardiolipin antibodies have recently been shown to be present in adults
with localized scleroderma with an overall prevalence of 46% that increases
to 70% in patients with generalized forms [123]. In children this prevalence falls
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Table 3
Role of thermography in juvenile localized scleroderma
Advantages

Disadvantages

Noninvasive
Well tolerated
Easy interpretation
Possible computerized quantitation
Rapid results, helpful in decision-making
Prediction of progress (?)

Expensive to set up
False positivity
Atrophy, old lesions, site (ie, scalp)

to 13%, and, in contrast to adults, the presence of anticardiolipin antibodies is
not associated with thromboembolic events or clotting abnormalities [81].
Antihistone antibodies seem to be associated with more extensive localized
disease [123]. Serum concentrations of soluble IL-2 receptor have been noted
to be increased in localized scleroderma and may differentiate active from inactive disease [124], although this finding is not supported by all studies [78].
Thermography shows promise when associated with clinical examination in
discriminating disease activity. Table 3 summarizes the advantages and disadvantages of this methodology. This technique has high reproducibility, but it
remains to be seen whether it truly will predict outcome and subclinical areas
likely to progress to serious disease [125,126].
The application of newer imaging techniques such as MRI and ultrasound also
shows promise in supporting clinical management and greater understanding of
disease characteristics. MRI is most useful when CNS or eye involvement is
suspected but can demonstrate the true depth of soft tissue lesions and the degree to which different tissues are involved in other sites. In addition, early in
lesion development MRI may provide supporting evidence that true inflammation
is occurring in tissue thought to be undergoing spontaneous atrophy [127]. Highfrequency ultrasound has shown similar promise [128,129]. Table 4 summarizes
the advantages and disadvantages of the two different ultrasound modalities,
13- and 20-Mhz probes, used in the management of localized scleroderma.

Table 4
Comparison of 20- and 13-MHz ultrasound probes in the management of localized scleroderma
13-MHz ultrasound

20-MHz ultrasound

Advantages

Disadvantages

Advantages

Disadvantages

Noninvasive

Difficult in overweight
patients
Worse image definition

Noninvasive

Penetration
depth 7 mm

Good sensitivity
and specificity
Cost-effective
Penetration depth
60 mm

Higher resolution = better
quality images
Clear identification of
pathological skin structures
Useful to evaluate the
evolution of sclerotic plaques
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Treatment
Therapy for juvenile localized scleroderma is as challenging as therapy for
juvenile systemic sclerosis. The literature contains many case reports or case
series, but few controlled trials have been published. Indeed, management
decisions must be based on the understanding that these disorders are benign
in the many patients and often spontaneously enter remission after 3 to 5 years
[116,130].
Morphea en plaque generally is of cosmetic concern only, and therefore
treatments with potentially significant toxicity are not justified. In general, these
lesions remit spontaneously with residual pigmentation as the only abnormality.
Therefore, treatment should be directed mainly at topical therapies such as
moisturizing agents, topical glucocorticoids, or calcipotriene [131].
When there is a significant risk for disability, such as in linear scleroderma and
the deep subtypes, systemic treatment should be considered. Methotrexate has
been used successfully in children with localized scleroderma [132,133]. Unfortunately, these studies were not controlled trials, and the series of treated patients
were very small. In adults, a recent well-conducted multicenter randomized,
controlled trial in patients with early diffuse systemic sclerosis confirmed that
methotrexate is effective in reducing the skin involvement, especially during the
first 6 months of treatment [134].
During the last few years, the use of d-penicillamine, a proven antifibrotic
agent [135,136], has decreased without clear evidence of lack of efficacy.
d-penicillamine has been used successfully for the treatment of localized scleroderma in adults [137]. Although there are no controlled studies on the use of
d-penicillamine in the treatment of children with localized scleroderma, it is
a well-known antifibrotic agent and may still have a place in the treatment of
this disease.
In a well-designed randomized, controlled drug trial, use of the intralesional
cytokine interferon-g proved no better than placebo for established lesions;
however, it may prevent the appearance of new lesions [138]. The use of UV light
therapy, with or without chemical agents such as psoralen, has been reported in
a number of recent studies with suggestions of clinical benefit. It may be much
more effective for localized or superficial lesions [139,140]. Extracorporeal
photochemotherapy (with UVA and psoralen) has been reported in localized
scleroderma, but the evidence to support its usefulness is still relatively weak
[141–143]. Topical or systemic use of vitamin D or its analogue has been
reported in several case series, again with encouraging results [144–146]; in the
only controlled trial, however, it was no more effective than placebo [147].
It is clear that multicenter randomized, controlled trials are needed to evaluate the efficacy of these or other new agents for the treatment of juvenile
localized scleroderma by using uniform diagnostic criteria and validated outcome measures.
Physical and occupational therapy usually have a major role in the management of juvenile localized scleroderma, particularly when joint structures
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are involved. Surgical reconstruction may be considered, usually after the
active phase of the disease has abated, and the child’s growth is complete
[148,149].
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[113] Bourgeois-Droin C, Touraine R. Sclérodermie en plaque: Perturbations immunologique et
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