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Introduction
Morphea, or localized scleroderma, is 
an autoimmune progressive disorder, 
beginning with erythematous patches 
with mild edema, followed by central 
hypopigmented sclerosis surrounded 
by a violaceous border, and atrophic 
plaques in later stages.[1] Histologically, 
the inflammatory phase of the lesion 
demonstrates interstitial and perivascular 
inflammatory cell infiltrates in the dermis, 
and sometimes in the subcutaneous tissue, 
along with tissue edema and dilated blood 
vessels. The sclerotic phase exhibits the 
homogenization of collagen bundles in the 
papillary dermis and sclerosis extending to 
the reticular dermis. In the fibrotic/inactive 
phase, minimal inflammation and atrophy 
of appendages are noted, resulting in a 
hardened and thin dermis.[2,3]

Incidence rates range from 0.4 to 2.7 
per 100,000 with a higher susceptibility 
observed in women.[2] Morphea comprises 
five major distinct subtypes, which are 
plaque  (circumscribed), generalized, linear, 
mixed, and pansclerotic. However, less 
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Abstract
Introduction: Morphea, an autoimmune progressive disorder, can significantly impact patient 
well‑being, yet therapeutic options, though expanding, exhibit limited efficacy. A  persistent 
challenge in disease management revolves around monitoring disease activity and gauging treatment 
effectiveness. To address this, various clinical assessment tools have been devised, each with its 
inherent limitations. The realm of imaging in morphea has undergone noteworthy expansion, with 
ultrasonography  (US) emerging as an efficacious and cost‑effective avenue for quantifying disease 
activity and evaluating therapeutic outcomes. However, the evidential support for its application 
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ultrasound in the management of morphea. Materials and Methods: We conducted a comprehensive 
literature review using PubMed Medline to assess evidence concerning US utility in morphea 
management. Results: Sixteen total studies were included in our review. Discussion: Although the 
studies presented carry their own limitations, cumulative findings indicate the potential of ultrasound, 
particularly when coupled with Doppler, in facilitating staging, assessing disease activity, and 
longitudinal assessment of therapeutic efficacy in patients with morphea.
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common subtypes are also present, such 
as atrophoderma, eosinophilic fasciitis, 
keloidal, bullous, and guttate morphea. 
Each subtype displays varying clinical 
manifestations.[4] Treatment strategies hinge 
on the subtype, depth of involvement, and 
disease activity, with early intervention 
crucial to mitigate potential complications 
like contractures or limb deformities. 
However, treatment efficacy remains a 
challenge due to the absence of objective 
disease activity assessment methods.[5]

Various clinical scoring systems exist, 
including the Localized Scleroderma 
Cutaneous Assessment Tool  (LoSCAT), 
incorporating modified localized 
scleroderma skin severity index  (mLoSSI) 
and localized scleroderma skin damage 
index.[6] Despite its sensitivity to 
lesional changes, even this tool falls 
short in identifying subclinical activity. 
Among the tools available for imaging, 
ultrasonography  (US) has emerged as a 
potentially valuable option for monitoring 
of morphea lesions by assessing thickness, 
echogenicity, and morphologic features in 
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an easy‑to‑use, cost‑effective manner that minimizes harm 
to the patient.[7] However, the evidence supporting its role 
in management of morphea is still uncertain.

In our comprehensive review, our aim was to explore the 
existing evidence concerning the utility of ultrasound in 
the management of morphea, thus contributing to a more 
profound understanding of its potential role in the field.

Materials and Methods
A literature search was conducted on the PubMed Medline 
database. For this review, a single investigator conducted 
the initial search, title, abstract, and full‑text screenings. 
The search strategy included the terms “ultrasound” and 
“morphea” or “localized scleroderma”. All studies from 
inception to August 2023 were reviewed. Exclusion criteria 
included systemic sclerosis, case reports, and expert opinions. 
Our inclusion criteria included all subtypes of morphea in all 
stages of disease, utilization of ultrasound B‑mode scan, and 
either clinically or histologically proven lesions.

For each study included, the following were recorded: 
author, year, type of study, ultrasound probe frequency, 
ultrasound scanning mode, use of color doppler, mean 
age of patients, age range of patients, number of patients, 
subtypes of morphea, number of lesions examined, basis of 
diagnosis, outcome measure, and study outcomes.

Results
Sixteen studies met our criteria and were included in our 
review. Three out of those studies solely comprised of the 
pediatric population. Three studies were cross‑sectional, 
ten were prospective cohorts, and three were retrospective 
cohort studies.

In our review, four studies utilized US probes with 
frequencies less than 15 MHz, nine studies utilized 
probes with frequencies between 15 and 30 MHz, and 
three studies utilized probes with frequencies higher than 
30 MHz  [Figure  1]. Six studies utilized color Doppler 
sonography in addition to B‑mode scanning.

Two studies in our review particularly focused on the 
diagnostic features of morphea on US. Three studies 
focused on US features of the different stages of morphea. 
Three studies assessed the activity status of morphea lesions 
via US. Six studies assessed US as a tool to longitudinally 
assess therapeutic efficacy. Lastly, two studies evaluated 
both therapeutic efficacy longitudinally and activity 
assessment via US. All studies included in this review are 
summarized in Table 1.

Discussion
The value of US in morphea lies within four major domains 
of patient management. These include the diagnostic 
evaluation of the lesion, staging, activity assessment of the 
lesion, and longitudinal assessment of therapeutic efficacy.

Diagnostic evaluation
Current literature evidence does not support ultrasound 
as a sole diagnostic tool. However, two studies in our 
review focused on diagnostic features of morphea on US. 
Hoffman et al., 1991 evaluated sclerotic lesions of morphea 
against contralateral healthy skin controls and identified a 
significant increase in dermal thickness (DT) measurements 
on US at baseline. In addition, they noted that DT increased 
or decreased with progression or regression of the disease 
on treatment, respectively.[23] In addition, Cosnes et al., 
2003 conducted a prospective study that compared 16 
skin plaques with morphea as a potential diagnosis to a 
healthy control group and a control group with different 
dermatological diagnoses using a 13 MHz US B‑mode 
scan.[21] They established criteria based on US features that 
were 92% sensitive and 100% specific for morphea. The 
criteria included meeting four of the following five signs: 
undulations of the dermis, disorganization, loss of thickness, 
thickened hyperechoic bands in the hypodermis, and the 
“yo‑yo” image. However, no additional prospective studies 
have been conducted to further assess the efficacy of this 
criteria as a diagnostic tool. In addition, this study did not 
categorize morphea lesions into subtypes or consider the 
stage of the disease, thereby limiting its generalizability.

Staging
There may be evidence to support the utility of US in 
staging morphea lesions as either inflammatory, sclerotic, 
or atrophic. Three studies in our review evaluated this 
particular outcome. Nezafati et al., 2011 found that dermal 
echogenicity correlated significantly with the clinical 
stage and amount of sclerosis present in histology.[19] 
On a 14 MHz US scan, inflammatory lesions appeared 

Figure 1: Distribution of the ultrasound probe frequencies among studies 
included in our review
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isoechogenic, sclerotic lesions appeared hyperechogenic, 
and atrophic lesions appeared hypoechogenic when they 
were all evaluated against site‑matched healthy skin. 
In addition, they did not find any relationship between 
modified Rodnan skin score (mRSS) and US measurements, 
which highlighted the inadequacy and subjectivity in the 
clinical scoring system.

However, Ranosz‑Janicka et al., 2019 found differing 
evidence regarding US measurements and stages of 
morphea. They evaluated 92 lesions in 40  patients with 
20 MHz US for relative DT and relative echogenicity 
scores against site‑matched unaffected skin and compared 
the difference to LoSCAT clinical scores. They found a 
significant relationship between an increase in DT and 
a decrease in the echogenicity of the dermis with the 
inflammatory phase of the disease, an increase in the 
DT as well as in the echogenicity of the dermis with the 
sclerotic phase, and a decrease in the DT and increase in 
the echogenicity of the dermis with the atrophic phase.[14]

Zhang  et  al., 2023 reported similar findings regarding 
the staging of the lesions in their cross‑sectional study of 
34  patients matched with histopathological examination. 
Inflammatory lesions showed hypoechogenicity around 
appendages in 85.7% of the lesions and 71.4% showed a 
hypoechogenic dermis. The sclerotic stage correlated with 
a hyperechogenic dermis in 85% of the cases and 70% of 
them had acoustic attenuation of the dermis. All atrophic 
lesions showed a hyperechogenic dermis; however, only 
28.6% had an unclear boundary between the dermis and 
subcutaneous fat, whereas 71% of inflammatory and 
85% of sclerotic lesions were noted to have an unclear 
boundary.[8]

Dermal echogenicity is positively correlated with the 
amount of collagen fibers present and negatively correlated 
with the interstitial matrix. Water influx in the dermis 
causes a decrease in the echogenicity, likely due to 
distension of the fiber network which creates more space 
for the sound waves to penetrate through instead of being 
reflected.[22]

Hypoechogenicity observed in the dermis of inflammatory 
morphea lesions corresponds to heightened swelling of 
collagen fibers and dermal edema during the early phase, 
also contributing to dermal thickening upon measurement 
via US. As the condition progresses, hyperechogenicity 
emerges in the dermis during the sclerotic stage, intensifying 
further in the atrophic stage marked by increased fibrosis. 
However, the concurrent atrophy characteristic of the 
atrophic stage imparts a thinner appearance to the dermis 
as visualized and measured through US.[8]

Activity assessment
Evidence suggests that there may be the utility of US in 
detecting lesional activity. Five studies in our review 
evaluated this outcome. Wortsman et al., 2011 defined the 

criteria for determining the activity of morphea lesions on 
US.[18] They defined an active morphea lesion on US as 
meeting two of the three following criteria: increased DT, 
decreased dermal echogenicity, and increased subcutaneous 
tissue. Or, any increased cutaneous blood flow in the 
dermis or subcutaneous tissue as seen on Doppler imaging 
would automatically classify a lesion as active. Inactive 
lesions were those that did not meet the active criteria. 
Lastly, atrophic lesions were defined as those that did not 
have increased blood flow and showed decreased dermal 
and subcutaneous thickness. Utilizing this criterion, they 
did not find any statistical difference between the activity 
of lesions on US versus histological grading. The US 
grading criteria were found to be 100% sensitive and 98.8% 
specific. Both increased subcutaneous tissue echogenicity 
and increased cutaneous blood flow are 100% sensitive and 
100% specific for signs of activity in the lesion.

In addition, Marti‑Marti et al., 2022 found that all active 
lesions in their study met the US activity criteria as 
described above. The most sensitive sign was increased 
Doppler activity, which was present in all active lesions. 
None of the inactive lesions met the US activity criteria in 
their study.[11]

Building off of the activity criteria, Vera‑Kellet et al., 2021 
devised an ultrasound morphea activity score (US‑MAS).[12] 
This scoring system quantifies activity in morphea lesions 
based on increased subcutaneous echogenicity, loss 
of dermal‑hypodermal border, increased subcutaneous 
vascularization, arterial or venous flow, number of body 
segments affected, increase in size of affected areas 
compared to previous exam, appearance of new areas, and 
decrease in maximum size or number of affected areas. This 
system was further modified by Wortsman et al., 2023, who 
proposed further subdividing corporal segments during US 
examinations for higher sensitivity and standardization.[24]

Similarly, in the pediatric population, Li  et  al., 2011 
evaluated if ultrasound disease activity correlated with 
clinically active lesions. Although the clinical activity of 
lesions was determined retrospectively based on a chart 
review of the physical examination, they found that total 
echogenicity, hypodermis echogenicity, and deep tissue 
layer vascularity were significantly higher in active lesions 
when compared to inactive lesions.[17]

Not only lesional activity could be detected, but 
Parra‑Cares  et  al., 2023 demonstrated that subclinical 
activity in morphea could be detected by color Doppler 
ultrasonography  (CDU) utilizing the US‑MAS grading 
criteria.[9] Subclinical Doppler activity was detected in 
36.1% of the lesions in the study. The subclinical activity 
detected was directly adjacent to the clinically active lesion 
in 54% of the cases, 23% in nonadjacent regions, and 
23% at the site of a clinically inactive lesion. Similarly, 
Marti‑Marti et al., 2022 also evaluated the discordance of 
US features with clinical activity as a secondary outcome of 
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their study.[11] Discordance in clinical evaluation of disease 
and US examination was found in 23.6% of cases with 
most being characterized as inactive on clinical evaluation 
but having signs of activity on US examination.

The evidence, therefore, suggests that determining lesional 
activity via CDU may be beneficial in the management of 
morphea. US‑MAS grading may be a useful quantitative 
tool in following treatment responses and also determining 
subclinical activity for earlier interventions in patients.

Longitudinal assessment of therapeutic efficacy
Lastly, eight of the studies included in our review presented 
evidence regarding the longitudinal evaluation of lesions 
with US to assess for therapeutic efficacy.

Szymańska  et  al., 2000 evaluated the evolution of 
morphea lesions via US compared to contralateral healthy 
skin. A  significant reduction of DT was noted with the 
regression of the disease and an increase in DT was noted 
with progression of the disease.[22] They also found that 
echogenicity and thickness depended on the region on the 
body that was imaged along with the age of the patient. 
Therefore, it was recommended that measurements should 
always be compared to normal, contralateral skin in 
longitudinal evaluations.

In their prospective study, Arisi  et  al., 2018 evaluated 
responses of active morphea lesions to UVA1 therapy as 
measured on 50 MHz US and clinical scores. Quantitative 
measures on US, which included thickness and dermal 
density, did not show a significant difference pre‑  and 
post‑treatment, whereas clinical scores were significantly 
decreased post‑treatment. Morphologically, however, they 
noted a significant decrease in the presence of dermal 
undulations and “yo‑yo” images post‑treatment.[15] It is 
possible that no quantitative difference could be noted on a 
50 MHz US due to the limited penetration at this frequency. 
In contrast, Sator et al., 2009 found significantly decreased 
DT as measured by 20 MHz US after UVA1 therapy when 
compared to baseline thickness before therapy.[20]

Marti‑Marti et al., 2022 also evaluated the percentage of 
patients with morphea whose treatment changed as a result 
of US. Management change occurred in 19.4% of patients 
based on US evaluation over a period of 1.5  years with 
examinations every 6  months.[11] Management change was 
defined as a biopsy or a change in medication regimen and 
was based on activity assessments via US.

Vera‑Kellet  et  al., 2021 evaluated the efficacy of 
methotrexate as a therapeutic option based on CDU 
evaluation and US‑MAS scoring.[12] Using this US scoring 
method and comparing it to existing clinical evaluation 
models, the authors found methotrexate to be a treatment 
option with low effectiveness in morphea. Zhang  et  al., 
2023 also assessed the efficacy of methotrexate therapy 
in a cohort of 10  patients. On longitudinal assessments 

with US, they found a significant decrease in DT with the 
average decrease being 69%  [Figure  2].[10] Although no 
statistical difference existed between the clinical scoring 
systems and US measurements, the US measurements 
were more sensitive as the changes could be detected 
earlier in response to the treatment with the average 
first reaction time being 1.8  months. This provides 
further evidence for the utility of US as a tool to assess 
therapeutic efficacy.

Longitudinal assessment of therapeutic efficacy via US has 
also been assessed in the pediatric population. Porta  et al., 
2014 evaluated seven pediatric patients on treatment over 
a six‑month period and found a significant decrease in DT 
over that period in six out of the seven patients with a mean 
difference of 1.7  mm.[16] On the contrary, Weibel  et  al., 
2020 demonstrated that DT and dermal echogenicity did 
not show any significant difference over the treatment 
period. However, they hypothesized that the inclusion of 
atrophic plaques in their study was likely the confounding 
factor which affected US measurements.[13]

Evidence supports longitudinal assessments of morphea 
lesions to evaluate for treatment efficacy. Most studies 
utilized DT as a quantitative measure for longitudinal 
assessment. They noted a decrease in thickness with the 
regression of active disease and an increase in thickness 
with the progression of active disease when compared to 
normal skin control. However, US‑MAS scoring based on 
CDU examinations may be more sensitive to determine 
subclinical activity in lesions and measure longitudinal 
therapeutic efficacy along with DT. However, further 

Figure  2:  (a and b) Localized morphea lesion in the groin with clinical 
improvement of the lesion during the six‑month treatment period. 
(c and d) Changes in dermal thickness, as indicated by red arrow, on 15‑MHz 
ultrasound before and after the treatment
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prospective studies are needed to thoroughly evaluate the 
efficacy of these criteria.

Limitations
Due to the utilization of different ultrasound probe 
frequencies in studies included in our review, it cannot 
be concluded which probe frequency provided the most 
reliable results. In general, higher frequency probes 
(≥15 MHz ) provide greater resolution of the superficial 
structures and are better equipped to detect changes in 
echogenicity and morphological features, whereas lower 
frequency probes are able to penetrate deeper. Although the 
higher resolution via high‑frequency ultrasound would be 
the most sensitive to morphological changes, visualization 
of the deeper structures, such as the subcutaneous tissue, is 
also important in a pathology like morphea. This trade‑off 
could be seen in the studies assessing the efficacy of UVA1 
therapy via 50 MHz and 20 MHz US, with 50 MHz US 
detecting morphological changes and 20 MHz  US detecting 
changes in DT.[15,20] Nonetheless, generally a probe between 
15 and 20 MHz is utilized for skin examinations.[25] 
However, further studies are required.

Conclusions
Our review suggests the utility of US in the clinical 
management of morphea, more specifically in terms of 
staging, activity assessment of the lesions, and assessment 
of therapeutic efficacy. However, several limitations 
remain, such as current subjective scanning protocols, 
undefined US probe frequencies, and potential addition to 
the cost of care. Therefore, future studies are needed that 
focus on larger sample sizes and standardized protocols 
and measurements that would allow for more generalizable 
findings.
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