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 Juvenile localized scleroderma (JLS), also known as morphea, comprises a group of conditions in which the process of 
fibrosis involves essentially the skin and subcutaneous tissues. They may range from very small plaques to extensive indu-
rate lesions which cause significant functional and cosmetic deformity. 

 The most widely used classification divides JLS into five general types: plaque morphea, generalized morphea, bullous 
morphea, linear scleroderma, and deep morphea  [  1  ] . Some conditions, such as atrophoderma of Pasini and Pierini, eosino-
philic fasciitis, or lichen sclerosus et atrophicus, are sometimes classified among the subtypes of JLS, but this aspect is still 
controversial. This classification does not include the mixed forms of JLS where different types of lesions occur in the 
same individual. This subtype is more common than previously recognized, accounting for 15% of the whole group  [  2  ] . 

 A proposal for a new classification includes five subtypes: circumscribed morphea (CM), linear scleroderma, general-
ized morphea (GM), pansclerotic morphea, and the new mixed subtype where a combination of two or more of the previous 
subtypes is present (Table  9.1 )  [  3  ] .  

   Epidemiology 

 Although JLS is relatively uncommon, it is far more common than systemic sclerosis in childhood, by a ratio of at least 
10:1  [  4  ] . There is a mild female predilection being the F:M ratio 2.4:1  [  2  ] . The mean age at disease onset is 7.3 years and 
a few cases with onset at birth, so called congenital localized scleroderma, have been also described  [  5  ] .  

   Clinical Manifestations 

  Circumscribed morphea  (CM) is characterized by oval or round circumscribed areas of induration surrounded by a viola-
ceous halo (Fig.  9.1 ). It is confined to the dermis with only occasional involvement of the superficial panniculus.  

 When there are four or more individual plaques that are larger than 3 cm and they become confluent involving at least 
two out of seven anatomic sites (head-neck, right upper extremity, left upper extremity, right lower extremity, left lower 
extremity, anterior trunk, posterior trunk), it is called  generalized morphea (GM)  (Fig.  9.2 ). Unilateral GM has been pro-
posed as an uncommon variant, usually beginning in childhood  [  1  ] .  

  Linear scleroderma , the most common subtype in children and adolescents, is characterized by one or more linear streaks 
that can extend through the dermis, subcutaneous tissue, and muscle to the underlying bone, causing significant deformities 
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   Table 9.1    Proposed preliminary classifi cation criteria for juvenile localized scleroderma (Consensus Conference, Padua (Italy) 2004)  [  3  ]    

 Main group  Subtype  Description 

 1.  Circumscribed 
morphea  

 (a)  Superficial   Oval or round circumscribed areas of induration limited to epidermis and dermis, 
often with altered pigmentation and violaceous, erythematous halo (lilac ring). 
They can be single or multiple 

 (b)  Deep   Oval or round circumscribed deep induration of the skin involving subcutaneous tissue 
extending to fascia and may involve underlying muscle. The lesions can be single 
or multiple 

 Sometimes the primary site of involvement is in the subcutaneous tissue without 
involvement of the skin 

 2.  Linear scleroderma   (a)  Trunk/limbs   Linear induration involving dermis, subcutaneous tissue, and, sometimes, muscle and 
underlying bone and affecting the limbs and/or the trunk 

 (b)  Head   En coup de sabre (ECDS). Linear induration that affects the face and/or the scalp and 
sometimes involves muscle and underlying bone 

 Parry-Romberg or progressive hemifacial athrophy loss of tissue on one side of the face 
that may involve dermis, subcutaneous tissue, muscle and bone. The skin is mobile 

 3.  Generalized morphea   Induration of the skin starting as individual plaques (4 or more and larger than 3 cm) 
that become confluent and involve at least two anatomic sites 

 4.  Pansclerotic morphea   Circumferential involvement of limb(s) affecting the skin, subcutaneous tissue, muscle, 
and bone. The lesion may also involve other areas of the body without internal 
organs involvement 

 5.  Mixed morphea   Combination of two or more of the previous subtypes. The order of the concomitant 
subtypes, specified in brackets, will follow their predominant representation in the 
individual patient (i.e., mixed (linear circumscribed)) 

  Fig. 9.1    Circumscribed 
morphea of the  right shoulder , 
characterized by an area of 
induration with waxy 
consistence and  ivory color , 
surrounded by an infl amma-
tory edge       

(Fig.  9.3 ). Not only the upper or lower extremities can be affected but also the face or scalp, as in the  en coup de sabre  
variety (ECDS). The Parry-Romberg syndrome (PRS), characterized by hemifacial atrophy of the skin and tissue below the 
forehead, with mild or absent involvement of the superficial skin, is considered the severe end of the spectrum of ECDS and 
for this reason is included in subtype of linear scleroderma  [  6  ] . Evidence for this close relationship is the presence of associ-
ated disorders, including seizures, CNS abnormalities, and dental and ocular abnormalities, reported with similar prevalence 
in both conditions  [  6–  9  ] .  

  Pansclerotic morphea , an extremely rare but severe subtype, 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.  9.4 ). It is more common in 
children than adults. Recent reports raised the attention on the possible evolution of chronic ulcers, frequently complicating 
pansclerotic morphea, to squamous cell carcinoma, a threatening complication already reported in LS  [  10–  12  ] .  

 Conversely to what has been reported for many years, JLS is not exclusively confined to the skin but can present many 
extracutaneous features. A recent multinational study reported that almost one-fourth of the patients present extracutaneous 
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  Fig. 9.2    Generalized 
morphea involving, 
symmetrically, the trunk in a 
8-year-old boy. Note the 
bluish halo of the active 
lesions, named lilac ring       

  Fig. 9.3    Linear scleroderma 
at the  right side of the trunk        

  Fig. 9.4    Pansclerotic 
morphea involving abdomen 
and  right lower  limb in a 
5-year-old girl. Note that the 
margins of the lesion are 
hardly visible       

manifestations  [  13  ] . The overall distribution of these manifestations includes arthritis 19%, neurological findings 4%, associated 
autoimmune conditions 3%, vascular changes (i.e., Raynaud’s phenomenon, deep vein thrombosis) 2%, and ocular or gas-
trointestinal abnormalities 2%. 

 Articular involvement is the most frequent finding, especially in linear scleroderma. Children who develop arthritis often 
have a positive rheumatoid factor (RF), and sometimes an elevated erythrocyte sedimentation rate (ESR) and circulating 
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autoantibodies  [  13  ] . The most frequent neurological conditions are seizures and headaches, although behavioral changes 
and learning disabilities have been also described  [  13,   14  ] . Abnormalities on magnetic resonance imaging (MRI), such as 
calcifications, white matter changes, vascular malformations, and vasculitis, also have been reported  [  15,   16  ] . Although 
most of the imaging abnormalities have little clinical relevance, biopsy findings have shown sclerosis, fibrosis, gliosis, as 
well as vasculitis  [  16–  17  ] . 

 Gastroesophageal reflux (GER) is the only gastrointestinal complication reported so far in JLS  [  2,   18,   19  ] .  

   Autoantibodies 

 Antinuclear antibodies (ANA) are present in more than 40% of patients with JLS  [  2  ] . This frequency is lower than in adult 
with LS  [  20  ]  but is higher than in normal population. In children, there is no correlation between the presence of ANA and 
a particular subtype or disease course  [  2  ] . 

 Of interest, anti-topoisomerase I antibodies (anti-Scl 70), a marker of SSc in adults, were found to be positive in 2–3% 
of children with JLS but not in adults with LS  [  2,   20  ] . Conversely, anti-centromere antibodies (ACA) were found in 12% of 
adults with LS but only in 1.7% of children  [  2,   21  ] . Whether these antibodies are markers that reflect the immunological 
component of the disease process or can have a prognostic significance is unclear. It should be noted that none of SCL-70 
or ACA positive patients in a series of 750 JLS patients presented signs or symptoms of internal organ involvement after a 
mean follow-up of 3.4 years  [  2  ] . 

 Rheumatoid factor (RF) has been detected, at low titer, in 16% of the patients with JLS, and significantly correlated with 
the presence of arthritis  [  2  ] . 

 One of the major autoantigens for ANA in JLS is nuclear histone. Anti-histone antibodies (AHA) have been detected in 
47% of patients with JLS with a different prevalence in the various subtypes, higher in GM, and lower in circumscribed 
morphea  [  20  ] .  

   Diagnosis and Disease Assessment 

 The management of JLS is challenging, and the detection of disease activity and progression remains a fundamental prob-
lem. Clinical examination is subjective, and so classical skin scoring methods, utilized in the assessment of systemic scle-
rosis, cannot be applied. Among the new tools which have been proposed for the assessment of the skin lesions, infrared 
thermography (IRT), computerized skin score (CSS), ultrasound (US), and magnetic resonance imaging (MRI) are those 
most frequently used. 

 Infrared thermography (IRT) is able to detect areas of increased temperature caused by the inflammatory process, reveal-
ing, in this way, active lesions  [  22  ] . This technique has shown to have a very high reproducibility but yields false-positive 
results in the assessment of old lesions characterized by marked atrophy of the skin and subcutaneous tissues. In these cases, 
an accurate clinical examination can help differentiate these lesions from the active ones. 

 The computerized skin score (CSS) consists in the demarcation of hyperemic and indurate borders of the lesions on an 
adhesive transparent film with different colors  [  23  ] . The film, transferred over a cardboard, is scanned and recorded in a 
computer. Calculation of the affected area is performed by computer software. 

 Ultrasonography (USG) is another technique that has been proposed for monitoring JLS. USG can detect several abnor-
malities such as increased blood flow, increased echogenicity due to fibrosis, and loss of subcutaneous fat. The first two 
parameters appear to be signs of active lesions, which disappear in the remission phase. Loss of subcutaneous tissue was 
found in both active and stable patients  [  24  ] . The two main limits of USG are represented by its operator-dependent value 
and the lack of validation as outcome measure in prospective studies. 

 MRI is also an important tool in the clinical management of JLS. MRI is clearly most useful when CNS or eye involve-
ment is suspected but is also able to demonstrate the true depth of soft tissue lesions and the degree to which different tissues 
are involved in other sites  [  25  ] . 

 In comparison to USG, MRI has two main disadvantages: the need for sedation in younger patients and the presence of 
possible artifacts.  
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   Treatment 

 Over the years, many treatments have tried for localized scleroderma  [  26  ] . Decisions for management must be based upon 
the particular subtype of disease and the realization that these disorders may spontaneously enter remission after 3–5 years 
(Fig.  9.5 ).  

 Circumscribed morphea generally is of cosmetic concern only, and therefore, treatments with potentially significant 
toxicity are not justified. In general, these lesions will spontaneously remit with residual pigmentation as the only abnormal-
ity. Therefore, treatment should be directed mainly at topical therapies such as moisturizing agents, topical glucocorticoids, 
or calcipotriene  [  27  ] . 

 Phototherapy with ultraviolet (UV) represents another possible therapeutic choice for localized scleroderma  [  28–  33  ] . The 
use of ultraviolet (UV) light therapy, with or without chemical agents such as psoralen, has been reported to be beneficial 
for localized or superficial lesions in a number of studies  [  28–  32  ] . UVA1 phototherapy upregulates specific matrix mRNA 
metalloproteinases, depletes skin-infiltrating T cells, and inhibits the production of pro-inflammatory cytokines, namely 
IL-1, IL-6, and IL-8  [  33  ] . 

 Since the rate of relapse after UV phototherapy discontinuation is not known, the need for prolonged maintenance 
therapy, leading to a high cumulative dosage of irradiation, and the increased risk for potential long-term effects such as 
skin aging and carcinogenesis  [  34,   35  ]  are clear limitations for its use especially in children. 

 Use of vitamin D or its analogs (topically and systemically) has been reported in several case series with encouraging 
results  [  27,   36  ] . However, in the only controlled trial, results indicated it was no more effective than placebo  [  37  ] . 
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 When there is a significant risk for disability, such as in progressive linear scleroderma crossing joint lines and generalized 
or pansclerotic morphea, systemic treatment, particularly with methotrexate, should be considered (Table  9.2 )  [  38–  43  ] .  

 A weekly regimen of methotrexate of 10–15 mg/m 2  as a single oral or subcutaneous dose per week for at least 1 year is 
recommended. During the first 2–3 months of therapy, a course of glucocorticoids may be used as adjunctive bridge therapy. 
Recently, a randomized trial comparing a 12-month course of oral methotrexate (15 mg/m 2 ) for 12 months with a 3-month 
course of oral prednisone (1 mg/kg/day, maximum dose 50 mg) showed that methotrexate was effective and well tolerated in 
more than two-thirds of the patients with morphea  [  43  ] . New lesions appeared in only 6.5% of methotrexate-treated patients 
compared with 16.7% of the prednisone group. In addition, the skin score rate, which evaluates lesions’ extension changes and 
the mean target lesion temperature as evaluated by infrared thermography, significantly decreased in the methotrexate group. 

 Patients who do not respond to this treatment approach may be treated with mycophenolate mofetil at a dose of 
500–1,000 mg/m 2   [  44  ] . 

 Surgical reconstruction may be required if the disease has not been adequately controlled. Surgery should only be per-
formed after the active phase of the disease has abated and when the child’s growth is complete  [  45  ] . Facial recontouring is 
a surgical treatment option that may improve quality of life in adolescents with facial asymmetry due to en coup de sabre 
morphea  [  46     ] .  

   Prognosis 

 Information on the long-term outcome of children with JLS is very few and based on small series of patients. However, it 
is common experience that adults with childhood-onset localized scleroderma suffer from long-term disease sequelae that 
significantly impact quality of life, including permanent functional and cosmetic impairment. In addition, some continue to 
have episodes of active disease throughout life.      

   Table 9.2    Treatment with methotrexate in localized scleroderma   

 Author (year)  Study design  Regimen 
 No. patients 
(children)  Follow-up  Result  Assessment 

 Seyger (1998)  Retrospective  MTX 15 mg/week orally  9 (0)  24 weeks  Effective (67%)  Skin score 
 Durometer 
 Patient’s judgment (VAS) 

 Uziel (2000)  Retrospective  MTX 0.3–0.6 mg/kg/
week os or sc + MPDN 
30 mg/kg/day pulse 
for 3 days/month for 
3 months 

 10 (10)  8–30 weeks  Effective (90%)  Clinical judgment 

 Kreuter (2005)  Pilot, uncontrolled  MTX 15 mg/week 
orally + MPDN 
1,000 mg/day pulse 
for 3 days/month for 
6 months 

 15 (0)  6–25 months  Effective (93%)  Skin score 
 Patient’s judgment (VAS) 
 USG, histopathology 

 Fitch (2006)  Retrospective  MTX 0.4–1.0 mg/kg/week 
os or sc ± PDN 1 mg/
kg/day or every other 
day for 3–6 months 

 17 (17)  6–60 months  Effective (94%)  Clinical judgment 
 Telephone questionnaire 

 Wiebel (2006)  Retrospective  MTX 10 mg/m 2 /week ± 
PDN 1 mg/kg/day 
or every other day 
for 3–6 months 

 34 (34)  24 months  Effective (74%)  Clinical judgment, 
thermography 

 Zulian (2011)  Double-blind 
randomized 
controlled trial 

 MTX 15 mg/m 2 /week 
for 12 months + PDN 
1 mg/kg/day for 
3 months 

 70 (70)  12 months  Effective  Clinical judgment 

 versus  (MTX 67%)  Clinical judgment 
thermography 

 PLACEBO for 
12 months + PDN 
1 mg/kg/day for 
3 months 

 (PLAC 29%)  Computerized skin score 

   MTX  methotrexate,  USG  ultrasonography  
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