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Quantitative Description of Echographic Images of Morphea Plaques
as Assessed by Computerized Image Analysis on 20 MHz B-scan

recordings
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In order to find image descriptors enabling the characterization
of sclerotic skin of morphea plaques and their objective dif-
ferentiation from normal skin, we studied 52 lesions in 35
patients affected by plaque type morphea. Echographic evalua-
tions were carried out using a 20 MHz B-scanner, providing
cross-sectional images of the skin. Images were processed by a
program providing a numerical representation of the picture
data, based on the following parameters, which were considered
for 7 different amplitude intervals: 1) the extension of image
areas marked by amplitude bands of interest, 2) the percentage
of the image surface reflecting within a homogeneous amplitude
band, 3) the number of objects composing the image, 4) the
average object size, and 5) the “density” of the objects. For all
parameters considered, marked differences between sclerotic
skin and normal tissue were observable. When assessment is
performed with amplitude bands covering the lower part of the
scale, the image referring to sclerotic tissue appears relatively
homogeneous with few, large objects within a thickened skin
block, which occupy a more extended image surface in compari-
son to images of normal skin, characterized by spots, which are
small and closely packed. On the contrary, binary images of
morphea plaques transformed by intermediate to high ampli-
tude intervals appear with fewer objects of approximately the
same size or smaller, which are less compressed in respect to
healthy skin images. Key words: localized scleroderma; ultra-
sound; image analysis.
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Diagnosis of localized scleroderma is generally performed on
the basis of clinical examination or on histological findings. As
a supplement to subjective evaluation, non-invasive skin thick-
ness determination has been employed for characterizing mor-
phea plagues and monitoring the course of the disease (1-3).

The recently developed high-resolution 20 MHz B-mode ul-
trasound scanners, providing cross-sectional imaging of the
skin, also enable morphological information, which can be re-
lated to histopathological aspects of skin diseases (4). In a study
on 34 patients with localized scleroderma, Hoffmann et al. (3)
reported enhanced reflexes in the lower corium and hyper-
echoic, widened bands of connective tissue traversing the sub-
cutaneous fatty tissue from the corium-subcutis border in the
direction of the muscle fascia, as characteristic aspects of scle-
rotic skin.

However, the subjective description of the echographic fea-
tures of morphea plagues does not provide an unambiguous
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comparison between contemporary or consecutive recordings,
representing the basis for follow-up studies.

As a digitalized image, an echographic picture is a visual
reoresentation of arrays of numbers, each picture element repre-
senting the amount of reflected ultrasound. Intuitive information
obtained by looking at an echographic image can be turned into
an objective diagnostic tool by means of image processing
procedures, which achieve the numerical description of the
image, the quantification of the echographic data and their
statistical elaboration (5). It has been demonstrated that pro-
cessing of B-scan images allows the characterization of the
cutaneous echostructure according to skin site, age and sex, the
objective evaluation and the quantification of the intensity of
allergic and irritant reactions and an assessment of the response
to therapy in inflammatory skin diseases (6-12).

The aim of our study was to find image descriptors enabling
the characterization of sclerotic skin of morphea plaques and its
differentiation from normal skin, using processing methods for
elaborating 20 MHz B-scan images.

MATERIAL AND METHODS

Patient population

Thirty-five untreated patients with a clinical diagnosis of plaque type
scleroderma were studied. The average age of the patients was 37.5
years, and the average duration of the disease was 5.2 years. In each
patient 1-2 morphea plaques were considered (total = 52 lesions).
Images were recorded on the abdomen (11 cases), the front part of the
chest (11 cases). the groin (10 cases), the back (8 cases), the arms (4
cases), the legs (4 cases). the face (2 cases). the hands (1 case) and the
buttocks (1 case).

In 40 cases contralateral control measurements of seemingly normal
skin were performed. In patients showing symmetrical lesions, ipsi-
lateral measurements of adjacent, apparently normal skin were used as
controls.

Ultrasound equipment

Echographic evaluations were carried out using a 20 MHz B-scanner
(Dermascan C, Cortex Technology, Denmark), which produces images
representing a cross-section of the skin. Equipment and calibration
methods have already been described in detail elsewhere (13). Evalua-

Table 1. Digital parameters emploved for the evaluation of 20
MHz B-scan images of morphea plaques

1. extension of image areas marked by homogeneous amplitude
bands (in number of pixels)
2. percentage of the image surface reflecting within a homogeneous
amplitude band
. number of objects composing the image
. average object size = extension/number of objects
. density of objects = number of objects/skin thickness
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Fig. 1. Echographic images of normal skin (on the right=N) and of sclerotic skin (on the left=S). § 0-255 and N 0-255: pseudocolor images: the
whole amplitude scale is represented; high amplitude values correspond to white, low amplitude values to blue and black. The entrance echo, referring
to the epidermis and appearing as a white band, has been marked with >: black areas in the right part of the pictures represent the subcutaneous fatty
tissue; the dermis-hypodermis boundary has been marked with <. § 0-30 and N 0-30: binary images after selection of a 0-30 band: image areas of
interest are marked in green. S /09-163 and N 109-163: binary images after selection of a 109-163 band: image areas of interest are marked in white.
The number of objects is easily assessable. § 20/-255 and N 20/-255: binary images after selection of a 201-255 band: image areas of interest are

marked in white.

tions were performed by employing the B-probe assessing a tissue
section with a length of 12.13 mm. Skin thickness was assessed in B
mode (13).

Software for image analysis
The echographic images were processed by a software, which was
developed as a prototype according to our suggestions and is now

commercially available (Dermavision 2D, Cortex Technology). This
program enables a numerical representation of the picture data, based
on the attribution of fictional values to the amplitudes of the echoes, the
possibility of an interactive selection of amplitudes of interest, the
segmentation of the image, i.e. the subdivision of the image into areas
of uniform appearance, and the calculation of the extension of areas
reflecting within the chosen amplitude range (in number of pixels).
After segmentation, the program also allows the transformation into a
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Table II. Skin thickness values (mm)

Plaque Healthy skin
Mean 2.56 1.97
Standard deviation 0.92 0.67
Minimum 1.21 0.69
Maximum 4.81 3.54
Number of observations 52 52

binary image, and the calculation of the number of objects reflecting
within the chosen band of interest. Thus, a picture can be transformed
on the screen into an image, in which only meaningful regions are
enhanced and numerically described. The sonographic recordings were
evaluated by means of different amplitude bands, marking the hypo-
reflecting parts of the dermis (0—10 and 0-30), and by intervals identi-
fying intermediate to high echoamplitudes (31-75, 76-126, 127-255,
109-163). A 201-255 band was used for evaluating hyper-reflecting
dermal structures. As a region of interest the whole skin block ap-
pearing on the screen without the entrance echo was chosen.

For characterizing sclerotic tissue of morphea plaques, 5 different
parameters were considered for different amplitude intervals (Table I).

Statistics

Each area of sclerotic skin was compared to its respective control site
(contralateral or surrounding skin). Differences were analyzed by Stu-
dent’s t-test for paired values. Correlations between thickness values of
healthy skin and of morphea plaques were calculated according to
Pearson.

RESULTS

Fig. 1 represents the echographic images of normal skin and of
sclerotic skin of a morphea plaque in the same patient.

Skin thickness measurement. The results of skin thickness
measurements appear from Table II. The skin thickness of the
sclerotic area is more pronounced compared to the contralateral
area of healthy skin or the surrounding skin. The percentage
increase in corium thickness varies from 0 to 54%: however, the
correlation between the thickness of healthy skin and the corre-
sponding value of sclerotic skin is high (r=0.8410).

Results of image elaborations are presented in Table III.

0-10 band elaboration. In respect to apparently normal skin,
at sclerotic skin sites a significant increase of the values of all 5
parameters can be observed.

0-30 band elaboration. In respect to healthy skin, images of
sclerotic skin areas show a significant absolute and relative
increase in the extension of hypo-reflecting dermal areas, with
fewer objects which are greater in size. Referring the number of
objects to skin thickness values, the ratio is lower for sclerotic
skin pictures. Differences between objects of normal skin and
those of sclerotic skin are significant for number, size and
“density”.

31-75 band elaboration. 31-75 values of normal and scle-
rotic skin differ significantly only in the relative extension of
areas (% of image area) covered by this amplitude interval and
in the “density” of objects (data not shown).

76-126, 109-163 and 127-255 band elaborations. In respect
to control measurements, absolute and relative extension of
areas reflecting within these bands is lower at morphea plaques;
objects are fewer, but smaller in size, whereas “density” values
are lower. Differences are statistically significant.
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statistically significant (p <0.05).

Values are expressed as mean + (s.d.). N = normal skin; M = sclerotic skin. *
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201-255 band elaboration. At sclerotic skin sites, absolute
and relative extension of 201-255 areas. and number and “den-
sity” of 201-255 objects are significantly lower in respect to
normal skin, whereas object size appears unchanged.

DISCUSSION

Ultrasound examination has so far been used to determine the
thickness of sclerotic skin both in morphea and in progressive
systemic sclerosis (1-3, 14-16). Lesions in the patients with
plaque-type localized scleroderma were found to show an in-
crease in skin thickness between 2 and 310%, originally thin
skin showing a greater degree of sclerosis than the compara-
tively thicker skin (1, 3). Regarding our measurements, we
observed a skin thickening between 0 and 54%, and a high
correlation between thickness of healthy skin and corresponding
values of sclerotic skin, with a more homogeneous distribution
of skin thickening, the entity of which was not connected with
the site of the disease.

B-mode scanning, providing a two-dimensional image, per-
mits clear identification of physiological and pathological skin
structures and assignment of the ultrasound phenomena to histo-
logical features.

Processing of 20 MHz B-scan images improves the recogni-
tion of attributes corresponding to tissue structures or evolutive
phases of processes to be studied and provides numerical image
descriptors, which can be used to objectively characterize the
echostructure of the tissue in inflammatory skin diseases (5-12).
In this study we also showed that image analysis represents a
descriptive procedure enabling the objective differentiation be-
tween morphea plaques and normal skin, by using five different
parameters. Extension and percentage of areas of interest de-
scribe the area in the picture marked by a certain amplitude
level; the number of objects and their size describe the distribu-
tion of certain amplitude bands, whereby a small number of
large objects signifies a relatively homogeneous picture with
large or confluent image areas, while few, small objects charac-
terize a picture consisting of little spots with an unhomogeneous
distribution. By referring the number of objects to skin thick-

ness, information about the distance between the different ob-
jects can be obtained.

At morphea plaque sites, absolute and relative extension of
image areas are increased, when evaluating with 0-10 and 0-30
amplitude intervals; slight changes are observed with the 31-75
band, whereas a decrease is shown for intermediate to high
amplitude intervals. Most images of scleroderma plaques were
devoid of hyper-reflecting (201-255) areas. Thus, we were not
able to confirm other authors’ description of enhanced reflexes
in the lower corium, which, however, could be characteristic of
sclerotic tissue at particular skin sites.

Regarding the characteristics of the objects, their number
decreased when evaluating by amplitude values between 10 and
255, whereas their size increased when considering low-re-
flecting bands and was reduced for intermediate to high ampli-
tude intervals. Thus, when assessing with bands covering the
lower part of the scale, the image referring to sclerotic tissue
appears comparatively homogeneous with few, large objects
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within a thickened skin block, which occupy a more extended
image surface in comparison to images of normal skin, charac-
terized by spots, which are small, closely packed and unhomo-
geneously distributed. On the contrary, binary images of mor-
phea plaques transformed by intermediate to high amplitude
intervals appear with fewer objects of approximately the same
size or smaller, which are less compressed in respect to healthy
skin images.

In conclusion, image processing of 20 MHz B-scan re-
cordings provides parameters for the characterization and nu-
merical description of morphea plagues and for their differen-
tion from normal skin, as a first step towards an objective
assessment of the spontaneous course of the disease and of
response to therapy.
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