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Introduction

Morphea also called localized scleroderma is a chronic 
autoimmune disorder of the connective tissue that pro-
duces inflammation and fibrosis of the skin and under-
lying soft tissues.1,2 Its clinical diagnosis may be 
challenging, complex, and sometimes delayed.3,4 The 
monitoring of activity of morphea only-based on clinical 
and laboratory parameters can be less accurate because 
they do not provide anatomical information on severity 
or activity. This fact is critical because morphea tend to 
affect young individuals in highly exposed areas of the 
body such as the face and may produce disfigurement;5 
therefore, a decrease of the self-esteem and quality of life 
may be easily generated.4,6

The clinical appearance of morphea lesions can be 
deceiving because as reported on ultrasound imaging, 
hypodermal inflammation can be subclinical and neither 
produce erythema nor induration.7 Lesions presenting 
cutaneous atrophy or hyperpigmentation can be at the 
same time active in the center or the borders.8

Histological diagnosis is not exempted from difficulties 
because it relies on the size of the sample and the location of 
the biopsy. If the sample was too superficial and did not 
include enough hypodermis, or was acquired in the wrong 
place, the diagnosis is limited.9 Besides, the monitoring of 
morphea with biopsies can leave scars, besides being a 
potential trigger for more inflammation and fibrosis. In 
addition, histological samples may not show subclinical 
sites of involvement. Furthermore, in routine clinical 

Why, how, and when to use color Doppler 
ultrasound for improving precision in 
the diagnosis, assessment of severity and 
activity in morphea

Ximena Wortsman1,2,3

Abstract
Morphea also called localized scleroderma is a complex entity that requires objective methods for supporting the 
diagnosis, severity, and activity. To date, clinical scorings may show a very good inter-rater agreement but cannot 
provide anatomical information on subclinical involvement. Biological markers can be used for detecting inflammation 
but may not be useful for grading tissue damage. Color Doppler ultrasound can support diagnosis and the assessment 
of severity and activity in morphea which has been validated using histology as the gold standard. Ultrasound is the first-
choice imaging technique for studying cutaneous diseases and can show subclinical involvement, including the affection of 
deeper layers non-invasively and safely. It requires proper ultrasound devices, imaging-trained physicians for performing 
the examinations, the performance of a standardized protocol during the examinations, and an organized schedule that 
allows enough time for evaluating the patients. Under the latter conditions, ultrasonography can be a powerful and 
reliable tool for supporting the management of morphea.

Keywords
Morphea, morphea ultrasound, scleroderma ultrasound, dermatologic ultrasound, skin ultrasound

Date received: 10 July 2018; accepted: 14 August 2018

1�Institute for Diagnostic Imaging and Research of the Skin and Soft 
Tissues (IDIEP), Santiago, Chile

2�Department of Dermatology, Facultad de Medicina, Universidad de 
Chile, Santiago, Chile

3�Department of Dermatology, Facultad de Medicina, Pontificia 
Universidad Católica de Chile, Santiago, Chile

Corresponding author:
Ximena Wortsman, Institute for Diagnostic Imaging of the Skin and 
Soft Tissues (IDIEP), Lo Fontecilla 201, of 734, Las Condes, Santiago 
7591018, Chile. 
Email: xworts@yahoo.com

799244 JSO0010.1177/2397198318799244Journal of Scleroderma and Related DisordersWortsman
review-article2018

Review

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jso
mailto:xworts@yahoo.com


Wortsman	 29

practice, the biopsy is not performed in a significant number 
of cases, and the monitoring of the patient relies on the clini-
cal signs.

Even though the clinical signs are of paramount impor-
tance for diagnosing morphea, the use of clinical scorings 
can be time-consuming and difficult to standardize. For 
example, the clinical discrimination of a cutaneous moder-
ate or severe thickness may be sensitive10 but not necessar-
ily indicate severity or activity. Moreover, in a recently 
published series, the localized scleroderma skin damage 
index (LoSDI) was qualified as unreliable for predicting 
damage of the tissues.11 On the other hand, the assessment 
of a good inter-rater agreement coefficient in a scoring sys-
tem may be not considered as the equivalent of a perfect 
detection of severity or activity; particularly, if there is no 
clear gold standard for comparison such as histology or an 
imaging technique.12

Thus, to date, neither clinical scorings nor biological 
markers can simultaneously assess activity and degree of 
tissue damage. This issue implies that morphea can lack 
evidence-based therapies due to the absence of reliable 
outcome measurements and long-term monitoring of the 
treatments.

Imaging modalities for evaluating 
morphea

Several imaging modalities have been tested for support-
ing the diagnosis and monitoring in morphea. For exam-
ple, thermography has been used for evaluating activity; 
however, it requires a temperature-controlled room and 
presents difficulties for measuring scalp and facial lesions. 
Besides, to increase the sensitivity of this technique, some 
authors have suggested the usage of non-arbitrary and 
more precise cut-off values.13

Magnetic resonance imaging (MRI) has also been 
explored in small series for detecting thickening of the der-
mal and fascial layers in morphea or ruling out brain 
involvement.14,15 Nevertheless, this high-cost imaging 
modality presents lower resolution for detecting cutaneous 
and ungual alterations.16 In addition, MRI requires the 
intravenous injection of contrast medium which by itself 
can be a potential trigger for fibrotic disorders.17 Thus, in 
routine clinical practice, thermography or MRI is rarely 
used for diagnosing or monitoring morphea patients.

Usage of color Doppler ultrasound in 
morphea

Color Doppler ultrasound has been reported as a reliable 
tool for monitoring the activity of morphea using variable 
and high-frequency ultrasound probes that vary in  
their upper range between 14 and 18 MHz.18–23 This 
imaging modality has also supported the characterization 

of cutaneous ulcers in scleroderma patients.24 Recent 
ultrasound guidelines recommend the use of probes 
⩾15 MHz for performing dermatologic ultrasound stud-
ies and discourage the exclusive usage of equipment with 
very high-frequency probes (⩾30 MHz) due to low of 
penetration.25 For that reason, in morphea or others 
inflammatory cutaneous diseases, the performance of 
ultrasound examinations with very high-frequency 
probes cannot detect structural alterations or hypervascu-
larity in the dermal-hypodermal junction, hypodermis, 
fascial or muscular layers. The latter is a relevant point 
because the use of high resolution and very high-fre-
quency probes is not an analogy of having better defini-
tion or detection of alterations, particularly in conditions 
where the abnormalities are mainly located in the lower 
dermis, hypodermis, or deeper layers.26 In the past, the 
great variety of very-high and high-frequency ultrasound 
machines used in dermatology, particularly under 
research settings and by non-trained operators has con-
fused the proper selection of sonographic devices for 
studying the skin, defining and comparing the most char-
acteristic ultrasound patterns, and assessing standardized 
protocols of study.27

An improvement of the sonographic detection of abnor-
malities in the ultrasound examinations can be achieved 
through the follow-up of the published guidelines for per-
forming dermatologic ultrasound studies and the conjoined 
work of a multispecialty medical team that could include 
imaging-trained physicians.8,25 As in any other field of 
medicine, the performance of sonographic examinations 
by non-imaging-trained physicians can decrease the sensi-
tivity of the ultrasound detection. The latter situation also 
happens in other imaging techniques such as MRI because 
if the protocol is not well selected, the alterations may be 
not detected.

On ultrasonography, the live interaction between the 
patient and the physician in charge of the examination can 
support the proper selection of the corporal sections and 
the detection of the affected layers.16 Thus, a clinically 
non-evident site of abnormality or activity in morphea may 
be easier to find and track.

Ultrasound can provide qualitative and quantitative ana-
tomical data in morphea such as measurements of the thick-
ness, detection of structural abnormalities, use of anatomical 
landmarks, and the possibility of grading the inflammation 
through the usage of color Doppler and spectral curve anal-
ysis.7 This information includes the assessment of the 
amount, type (arterial or venous), and velocity of the ves-
sels (cm/s) in the lesional and perilesional areas. All these 
measurements can provide more objective criteria for eval-
uating treatment response in a clinical or research setting, 
including trials. Moreover, the sonographic signs used for 
supporting the diagnosis and monitoring morphea have 
correlated very well with the histological findings and 
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showed very high sensitivity.20 In morphea, ultrasound has 
also been used for assessing the therapeutic response to 
phototherapy,23 guide hydrodissection and corticosteroid 
injection28 as well as to select the biopsy site.8,12

Color Doppler ultrasound for 
supporting diagnosis and detecting 
activity in morphea

The sonographic appearance of morphea will depend on 
the form of presentation and the phase of the lesions. 
Therefore, on sonography, active lesions in the inflamma-
tory stage will present a different morphology in compari-
son with atrophic and inactive lesions. In addition, 
concomitant morpheiform conditions can be present in the 
same patient and sometimes, these are not evident in the 
physical examination.20 For example, a patient with a 
lichen sclerosus can show sonographic signs of deeper 
hypodermal involvement in the same or a different corpo-
ral site, which may be difficult to deduct from the physical 
examination. On the other hand, a patient with eosino-
philic fasciitis can present subclinical deep dermal or 
hypodermal signs of inflammation.

Color Doppler ultrasound signs of 
morphea

There are ultrasound signs that can support the diagnosis 
and the assessment of activity and severity of morphea. 
During the active inflammatory phase, the lesions will 
tend to present loss of definition of the dermal-hypodermal 
border and a diffuse or partial increase of echogenicity of 
the hypodermis. Dermal and hypodermal hypervascularity 
can also be detected. The presence of thickening and 
decreased echogenicity of the dermis may be found on 
morphea, but these are not considered signs of activity due 
to their low specificity. The reason is that these dermal 
alterations can be seen in other types of chronic inflamma-
tory conditions, besides morphea.

In some cases, sonographic signs of mixed or septal 
panniculitis can be detected such as hyperechogenicity of 
the fat lobules as well as thickening and hypoechogenicity 
of the hypodermal septa. In Parry–Romberg morphea 
(morphea with hemifacial atrophy), concomitant signs of 
chronic inflammation of the parotid gland of the affected 
side can be detected. These include decreased echogenic-
ity and size of the parotid gland and occasionally, the pres-
ence of glandular hypervascularity.7,20

In the inactive atrophic phase, there is thinning of the 
dermis and hypodermis that commonly show areas that do 
not contain hypodermal fatty tissue which can produce a 
close contact between the dermis and the fascial layer. At 
the end stage of atrophy, the dermis and hypodermis can 
show increased echogenicity with a fibrillar pattern due to 

the prominent presence of collagen fibers and lack of fatty 
tissue.7,20

The most sensitive ultrasound signs for detecting activ-
ity in morphea that have been reported are the detection of 
dermal and/or hypodermal hypervascularity and the 
increase of hypodermal echogenicity.20 A relevant point to 
consider is that the presence of clinical signs of atrophy 
and hyperpigmentation does not necessarily mean inactiv-
ity because morphea plaques may still show sonographic 
signs of activity in the center and/or the borders.7

In addition, patients with several lesions may present 
an asynchronous activity of the plaques on the ultra-
sound examination. Thus, some of the cutaneous plaques 
may be sonographically active and others inactive7 
(Figures 1–8).

Figure 1.  Ultrasound signs of active morphea. (a) Greyscale 
ultrasound (side-by-side comparison of normal perilesional 
with the lesional site) and (b) color Doppler present 
dermal thickening (*), loss of definition of the dermal and 
hypodermal border (arrows), increased echogenicity of 
the hypodermis (o) and increased dermal and hypodermal 
vascularity (b, in colors).
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How to scan morphea

Considering the availability of adequate equipment, a 
trained imaging physician, and the performance of a der-
matologic protocol for studying dermatologic lesions, a 
topographic color Doppler ultrasound of the affected 
body region(s) is recommended. This sonographic study 
includes an ultrasound sweep in at least two perpendicu-
lar axes of the corporal segment and not just the plaque 
area. Usually, the contralateral and adjacent anatomical 
regions are also scanned to rule out the presence of sub-
clinical involvement. For example, color Doppler ultra-
sound examinations of linear morphea (“coup de sabre”), 
a subtype that usually affects the frontal region of the 
face, should also include a sonographic sweep of the 
scalp, following the same axis of the frontal facial lesion; 
otherwise, part of the alterations and activity can be 
missed.18,20 Comparison with the normal contralateral 
and perilesional skin can help; however, the sonographic 

signs of abnormalities should not rely solely on compari-
sons because these sites may also be abnormal.

It should be kept in mind that it is necessary to assign 
enough time for scanning the patients and reporting the 
abnormalities; therefore, the inclusion of a schedule of 
patients that consider proper time for the color Doppler 

Figure 2.  Active morphea with signs of septal panniculitis. 
(a) Greyscale and (b) color Doppler demonstrate loss of 
the dermal and hypodermal border (arrows pointing down), 
increased echogenicity of the hypodermis and thickening 
with decreased echogenicity of the fibrous hypodermal septa 
(arrows pointing up in (a)). Note the increased dermal and 
hypodermal vascularity in (b).

Figure 3.  Active Parry–Romberg morphea with facial 
hemiatrophy of the right side. (a) Color Doppler ultrasound 
(transverse view; right peribuccal region) demonstrates region 
(arrow pointing down) with decreased thickness of the dermis 
and hypodermis, loss of the fatty tissue of the hypodermis, and 
increased dermal and hypodermal vascularity. (b) Greyscale 
(side-by-side transverse view of the cheeks; right lesional) 
demonstrates dermal and hypodermal thinning (oblique arrow), 
loss of the hypodermal fatty tissue, and increased echogenicity 
of the hypodermis of the right side. (c) Greyscale ultrasound 
(side-by-side transverse views of the preauricular regions) 
shows decreased echogenicity of the right parotid gland due to 
chronic inflammation.
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Figure 4.  Active morphea in the borders of an atrophy site. 
Color Doppler ultrasound (transverse view; right frontal 
region) presents signs of activity predominantly at the right 
border of a frontal lesion (left side of the image). Note the loss 
of definition of the dermal and hypodermal borders and the 
increased vascularity (in colors) at the right border.

Figure 5.  Active morphea and lichen sclerosus. (a) Clinical 
image of the right forearm of a patient with lichen sclerosus. 
(b) Ultrasound (transverse view; right forearm) of the clinical 
lesion area presents a loss of the dermal and hypodermal 
border with increased echogenicity of the hypodermis (arrow).

Figure 6.  Morphea with eosinophilic fasciitis. (a) Clinical 
photograph of the lesion. (b) Ultrasound (gray scale; transverse 
view; left temple region) demonstrates a hypoechoic area 
with a fibrillar pattern (*) in the hypodermis that reaches the 
fascial layer (arrow). Note the increased echogenicity of the 
hypodermis at the anterior border of the temple (left side of 
the image).

ultrasound examinations is mandatory to get adequate 
results. Patients with involvement of one corporal segment 
may be scanned in 20 or 30 min; however, patients with the 
affection of multiple body sites may need 1 h or more 
depending on the complexity of the case and the experi-
ence of the operator.

Nowadays, morphea is still a challenging entity29 
that presents gaps in the diagnosis and management. So 
far, there are advances, and the usage of ultrasonogra-
phy has been mentioned in some of the recently pub-
lished guidelines for managing this disease that 
consider the activity of the disease as a crucial factor 
for selecting the treatment.30 The consideration of 
imaging techniques, particularly, color Doppler ultra-
sound, in the routine evaluation of morphea may sig-
nificantly improve the precision of the diagnosis and 
management as well as the evidence of the response to 
treatments in these patients.

In conclusion, color Doppler ultrasound can be a relia-
ble imaging modality for supporting the diagnosis and 
assessing the severity and activity of morphea. The usage 
of adequate devices, the availability of an imaging-trained 
physician, and the performance of a standardized protocol 
are needed for improving the precision in the diagnosis, 
management, and research of morphea.
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Figure 8.  Inactive morphea. (a) Greyscale and (b) color 
Doppler (transverse views; right arm) show a slight dermal 
thickening with decreased dermal echogenicity. Note that 
the dermal-hypodermal border is well-defined and there 
are no signs of increased echogenicity of the hypodermis or 
hypervascularity (arrows). Prominent fibrous septa in the 
hypodermis are also detected.
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