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Abstract Paediatric morphoea is a debilitating fibrosing disorder of uncertain aetiology, affect-

ing the skin and subcutaneous tissues. Defining optimum management strategies in

paediatric morphoea remains an ongoing challenge, owing to the varied presenta-

tions and a relative paucity of paediatric-specific studies. We performed a literature

search on PubMed, MEDLINE and Google Scholar, using keywords such as ‘pediatric

morphea’, ‘juvenile localised scleroderma’ and ‘juvenile systemic sclerosis’. Relevant

studies, including randomized trials, reviews of standard current guidelines and orig-

inal research articles, were selected and results analysed before summarizing them.

In Part 1 of this review, we described the epidemiology, aetiopathogenesis and clini-

cal classification; in this part, we discuss the diagnosis, markers of disease activity,

management and natural history in paediatric morphoea.

Introduction

Morphoea, also called localized scleroderma, is an idio-

pathic chronic fibrosing disorder, and is the most com-

mon type of scleroderma in childhood.1 Problems of

chronicity, lack of consistent management outcomes

and potential extracutaneous complications contribute

to significant morbidity in children.2

Using databases such as PubMed, MEDLINE and Goo-

gle Scholar, we performed a literature search to identify

studies on paediatric morphoea up to 30 September

2019. Keywords included ‘pediatric morphea’, ‘juvenile

localised scleroderma’ and ‘juvenile systemic sclerosis’.

In Part 1 of this review, we described the epidemiology,

aetiopathogenesis and clinical classification; in this part,

we focus on the diagnosis, markers of activity, manage-

ment and natural history, including prognosis, in paedi-

atric morphoea.

Diagnosis

Diagnosis of morphoea is mainly based upon clinical

examination, with investigations such as skin biopsy

reserved for doubtful cases.

Laboratory tests

Although there are no diagnostic tests for morphoea,

investigations often include laboratory tests. Eosinophilia

is often found in active stages of generalized and linear

forms. Hypergammaglobulinaemia and raised erythro-

cyte sedimentation rate are also found in the active

phase of the linear form. Multiple autoantibodies are

detected in morphoea, including antinuclear antibodies

(ANA), anti-single-stranded (ss) DNA antibodies and

antihistone antibodies. While ANAs are often detected in

generalized morphoea,6 anti-ssDNA antibodies are posi-

tive in localized forms, correlate with disease activity in

some cases, and may be more frequent in patients with

muscle involvement and subsequent contractures.3 How-

ever, antibody testing is not performed routinely.

Imaging

Infrared thermography can be used to detect activity in

lesions of morphoea, with active lesions showing raised

temperature. One study reported thermography to have

92% sensitivity and 68% specificity in identifying active
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clinical forms of morphoea.4 However, limited availabil-

ity, less practicality in severe atrophy and the need to

correlate with clinical findings are the limitations.

Magnetic resonance imaging (MRI) has multiple uses

during investigations into morphoea. It is useful to eval-

uate deep soft tissue involvement. In one study, axial

T1, axial fluid-sensitive and axial T1-FS with contrast

images were sensitive to detect fascial thickening and

enhancement in deep tissues.5 MRI is also useful in

evaluating CNS or ocular involvement, as in en coup de

sabre variety.6

Ultrasonography has also been used for morphoea,

especially the 20-MHz range.7 While early inflamma-

tory lesions may show hypoechogenicity, the late scle-

rotic lesions are hyperechogenic,8 Ultrasonography

has been shown to be useful in monitoring the devel-

opment and evolution of morphoea lesions in chil-

dren.9 However, the technique is operator-dependent

and needs validation studies before it can be routinely

used in the evaluation of paediatric morphoea. Some

authors have suggested that colour Doppler is a sensi-

tive test to detect activity in lesions, with increased

blood flow and hyperechogenicity in subcutaneous

planes being accurate markers.10

Histopathology

Histopathological examination of the biopsy specimen is

performed for patients when the diagnosis is doubtful.

There are no histopathological hallmarks of morphoea

and neither can it be differentiated histologically from

SSc.11 However, it provides information regarding dis-

ease state (early or late) and excludes similar conditions

such as lichen sclerosus et atrophicus.

Early inflammatory lesions show an intense inflam-

matory infiltrate in the reticular dermis, comprising

lymphocytes, histiocytes, plasma cells and fibroblasts,

especially in the perivascular and periadnexal areas.

There is thickening of collagen bundles, which may be

running parallel to the skin surface. The overlying epi-

dermis is either normal or thin.

In the late atrophic stages, there is a relative paucity

of inflammatory cells, with thick, eosinophilic, tightly

packed collagen fibres. The skin becomes avascular

with thickening of blood vessel walls, and there is a

paucity of sweat glands. In a histopathological study

involving 35 children with morphoea, it was reported

that while CD34+ cells were reduced to absent in

fibrotic areas, Factor XIIIa staining was increased in

these areas, and this may be a useful immunohisto-

chemical staining method in biopsy samples of paedi-

atric morphoea.12

Measurement of disease activity and
biomarkers

Disease activity in morphoea indicates the severity of

reversible disease manifestations, while damage is defined

as irreversible or persistent changes (> 6 months) due to

previous activity or therapeutic complications.13,14 Disease

activity assessment in paediatric morphoea has tradition-

ally been challenging, and a variety of scoring systems

and potential markers have been studied (Table 1).

PGA of activity (PGA-A) score is a commonly

employed tool to measure disease activity in paediatric

morphoea, and has good correlation with features

such as erythema, warmth, abnormal skin texture,

violaceous discoloration and disease extension.13

The Modified Localized Scleroderma Severity Index

(mLoSSI) is a commonly used index, similar to the

modified Rodnan Skin Score used in SSc, and incorpo-

rates three parameters: erythema, skin thickness and

new lesions/lesion extension.14 It is a sensitive marker

of disease activity and helps to guide treatment deci-

sions.14 A related score known as the Localized Sclero-

derma Skin Damage Index (LoSDI) comprises damage

assessment in morphoea at 18 cutaneous anatomical

sites.15 The Localized Scleroderma Assessment Tool

incorporates both Physician’s Global Assessment

(PGA) and LoSDI scores, and in conjunction with the

mLoSSI score, is a sensitive tool in paediatric mor-

phoea assessment.15

Imaging investigations have been tried as markers

for disease activity, including ultrasonography and

magnetic resonance imaging (in variants such as eosi-

nophilic fasciitis).16,17 Infrared thermography has also

been utilized in disease activity assessment.18

Optical coherence tomography uses a low-intensity,

infrared laser beam, and produces high-resolution

images of superficial skin structures.19 The technique

has been used in adult morphoea to identify early

fibrosis but there is a paucity of any study in the pae-

diatric population.

Biomarkers in morphoea

There is a need to identify sensitive biomarkers in

morphoea as many children with the disease present

with lesions in evolution.

Interferon-c inducible protein (IP)-10 is a chemo-

kine acting on the CXC3 receptor, and plays an impor-

tant role in T-cell-mediated inflammation. One study

reported a significant elevation of blood and skin con-

centrations of IP-10 in paediatric morphoea, with ele-

vation being significantly higher in those with active
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disease.20 Raised serum levels of IP-10, as well as

tumour necrosis factor-a, and granulocyte–macro-

phage colony-stimulating factor, have been demon-

strated in active disease compared with inactive

lesions in paediatric morphoea, suggesting their poten-

tial role as biomarkers.21

Recently, serum levels of CXCL9 were reported to be

a sensitive biomarker in paediatric morphoea.22 Raised

CXCL9 levels to signify Th1 type of immune response

and raised levels correlated well with mLoSSI scores.

CXCL9 expression was also increased significantly in

lesional macrophages.22

Management

Despite a wide variety of therapies being available for

morphoea, the selection of appropriate agents in chil-

dren remains controversial as the use of most agents is

extrapolated from the studies done in adults or smaller

studies. In a UK survey published in 2014, Hawley

et al.23 reported that dermatologists use topical and

phototherapy-based therapies more often, whereas

rheumatologists are more comfortable with the use of

systemic agents, including biologics, in morphoea. Opti-

mum therapy in children depends upon multiple factors,

such as disease location, severity and activity, as well as

the adverse effect (AE) profile of the therapeutic agents.

Topical therapies

Despite a relative paucity of literature supporting their

consistent efficacy, topical corticosteroids of moderate

to high potency are commonly used for the treatment

of active, localized morphoea.11 These agents are use-

ful only in superficial disease and the duration of

usage is not strictly defined, although commonly they

are used for a maximum period of up to 3 months.

Concerns exist regarding prolonged use of high-po-

tency corticosteroids, as skin atrophy may develop and

systemic absorption in young children can produce

steroid-related toxicity.

Some authors have reported good results with topi-

cal calcipotriol (0.005%)24 and topical tacrolimus

(0.1%) in morphoea.25 Topical imiquimod 5% cream

was shown in one pilot study to be effective in improv-

ing morphoea scores in the paediatric age group.26

Phototherapy-based therapies

Ultraviolet (UV) light has potential anti-inflammatory

and antifibrotic effects owing to the stimulation of

matrix metalloproteinases as well as the downregula-

tion of mediators, apoptosis of T lymphocytes in skin

lesions and depletion of antigen-presenting cells, such

as Langerhans cells. Specifically, UVA has been pro-

posed to decrease the expression of profibrotic genes,

including COL-I, COL-III and TGFB. UVA1 (wave-

length 340–400 nm) also induces matrix metallopro-

teinases and reduces fibrosis.27 Phototherapy methods

tried in morphoea include psoralen plus UVA (PUVA),

broadband UVA, UVA-1, narrowband UVB and extra-

corporeal photophoresis.

In phototherapy, higher wavelength therapies pene-

trate deeper, whereas shorter wavelength therapies are

more suited for superficial structures. As UVA has a

higher wavelength (320–400 nm), it is more effective

for deeper lesions, whereas UVB-based therapies are

more effective for superficial morphoea lesions.

However, the use of UV-based therapies is challenging

as well as controversial in children. It is relatively diffi-

cult and cumbersome for younger children to undergo

regular sessions. Additionally, the long-term effects of

UV light on skin ageing and carcinogenesis in children

remain unknown. Recent recommendations mention

PUVA therapy as one to be avoided in children.28

Among other therapies, the role of laser therapy has

been investigated in some smaller studies. One study

reported promising results with fractional carbon diox-

ide laser in the management of localized superficial

morphoea.29

Systemic therapy

Systemic agents are effective in more severe forms of

morphoea and a growing body of literature supports

its use in paediatric morphoea as well. Agents com-

monly used in systemic therapy include systemic corti-

costeroids, methotrexate (MTX) and other

immunosuppressants (such as azathioprine), and a

variety of treatment regimens have been proposed.

Methotrexate

MTX is one of the most commonly used systemic

agents in paediatric morphoea, either alone, or in

combination with intravenous corticosteroids. In a

randomized, placebo-controlled trial in children, signif-

icant improvement in paediatric morphoea lesions was

reported with MTX compared with placebo, with fewer

relapses.30 MTX was found to be safe with no signifi-

cant serious adverse events reported in the study.

A consensus treatment plan for juvenile localized

scleroderma was proposed as part of the Childhood
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Arthritis and Rheumatology Research Alliance

(CARRA), with three regimens incorporating MTX31

(Table 1).

Regarding the duration of MTX usage, recent rec-

ommendations suggest the drug should be continued

for 12 months after acceptable clinical remission has

been achieved.32

Systemic corticosteroids

Systemic steroid therapy is often used in acute stages

of morphoea. Although good response to steroids is

seen in linear and generalized forms, eosinophilic fasci-

itis-like presentations are particularly responsive. Ster-

oids can be used both alone and in combination with

other agents; however, studies with corticosteroids as

monotherapy are limited. The risk of systemic toxicity

limits their regular use as high-dose monotherapy.

Mycophenolate mofetil

Although the evidence is weak, some authors consider

mycophenolate mofetil (MMF) to be the second-line

agent after MTX-based regimens.33 In a retrospective

study, MMF produced improvement in clinical score

and thermal imaging findings when used in paediatric

morphoea not responding to MTX and corticos-

teroids.34 The CARRA guidelines did not recommend

MMF in paediatric morphoea owing to lack of evidence

despite small reports of some efficacy, and left the deci-

sion to the treating physician’s discretion.

Other agents such as abatacept, azathioprine, ciclos-

porin, chloroquine, imatinib and colchicine have been

used in some studies, but lack of safety and consistent

results on improvement in paediatric morphoea means

these cannot be routinely recommended.

Other measures

Physiotherapy is needed to prevent contractures, espe-

cially in linear forms of morphoea. Orthopaedic sur-

gery may be needed to treat limb shortening, while

plastic surgery may be needed for facial deformities.

Recent studies have advocated the beneficial effects of

surgeries such as fat injection, bone paste cranioplasty

and Medpor implants for morphoea-associated facial

deformities, but the optimum time to perform such

cosmetic surgery remains to be defined.

Response to therapy is often indicated by improve-

ment in erythema, induration and overall size of

lesions, as well as PGA-A scores.

Clinical course and prognosis

Paediatric morphoea is particularly challenging, and

requires a multidisciplinary approach. Children with

morphoea tend to have a higher relapse risk, severe

course, as well as serious osteoarticular complications

including limb-length discrepancy (Fig. 1), short stature

and serious impairment in quality of life (QoL). In a ret-

rospective study, Mertens et al.35 reported more risk of

relapses in paediatric (27%) compared with adult (17%)

patients with morphoea. A median duration of

26 months between remission and first relapse in paedi-

atric morphoea was reported. In another study, it was

shown that children with linear morphoea can have

long periods of quiescence followed by activation, and

thus need long-term follow-up.36 Regarding the com-

mon linear form of morphoea, paediatric patients tend

to develop a more severe clinical course than adults and

have a higher complication rate.

Martini et al.37 reported that 22.2% of patients with

paediatric morphoea had at least one relapse, and the

Table 1 Regimens recommended by the Childhood Arthritis and

Rheumatology Research Alliance for morphoea management in the paediatric age group.28

MTX alone 1 mg/kg/week SC (max 25 mg)

MTX with IV methylprednisolone 1 mg/kg/week SC (max 25 mg) of methotrexate + IV methylprednisolone given

for 3 months (30 mg/kg/dose)

MTX with oral prednisolone 1 mg/kg/week SC (max 25 mg) of methotrexate + oral prednisolone 2 mg/kg/day (max 60 mg)

IV, intravenous; MTX, methotrexate; SC, subcutaneously.

Figure 1 Limb-length discrepancy in a patient with paediatric

morphoea.
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first flare developed within 20 months of treatment

discontinuation. Delay in starting treatment was asso-

ciated with a higher frequency of relapses and higher

disease activity. The authors suggested close follow-up

of children in the first 2 years after discontinuation of

systemic therapy.

Thus, children who develop morphoea need regular

long-term follow-up, with an assessment of disease

activity, anthropometric measurements (to detect any

growth abnormalities), general examination and oph-

thalmic examination (in presentations such as mor-

phoea en coup de sabre). Patients with deformities may

need appropriate referrals and surgical rehabilitation.

Conclusions

Diagnosis of paediatric morphoea is made clinically,

and biopsy followed by histopathological examination

is performed only in doubtful cases. To measure dis-

ease activity, multiple clinical validated scores as well

as imaging can be used. Biomarkers of disease activity

are an area of active research. Management entails

use of immunosuppressants, with topical therapy used

in mild, superficial disease, while systemic agents such

as MTX, systemic corticosteroids and MMF are used in

severe disease. Risk of relapses and osteoarticular com-

plications necessitates long-term follow-up of patients

with paediatric morphoea.

Learning points

• Diagnosis of paediatric morphoea is primarily

clinical, with histopathological examination per-

formed in doubtful cases.

• Disease activity is measured by validated scores

(e.g. mLoSSI, PGA-A) or imaging, with current

research focused on identifying potential

biomarkers.

• Immunosuppression forms the basis of therapy,

with topical agents (e.g. corticosteroids, imiqui-

mod) used in mild, localized cases and systemic

therapy (e.g. MTX, MMF, corticosteroids) reserved

for severe disease.

• Compared wth morphoea in adults, paediatric

morphoea has higher relapse rates, serious

osteoarticular complications and AEs on QoL.

• Long-term follow-up, frequent anthropometric

measurements and multimodal care is needed in

paediatric morphoea.
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