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Abstract
Aims: The objective of the study was to compare the efficiency of 20 MHz skin ultrasonography and 40 MHz conventional 

ultrasonography in the assessment of plaque psoriasis and to assess the efficiency of 40 MHz real-time sonoelastography in the 
early detection of steroid-induced skin atrophy in psoriatic plaques. Patients and methods: Ultrasonographic blinded evalu-
ation was performed on 16 plaques in three consecutive patients, at baseline and after hydrocortisone acetate 1% ointment 
six-week application. The parameters were epidermal and dermal thicknesses for gray-scale ultrasonography and strain ratio 
for sonoelastography. Strain ratio was computed between the dermis and the adjacent hypodermis. Student’s t-test for paired 
samples was performed. A confidence level of p<.05 was considered significant. Results: At follow-up, epidermal thickness 
was significantly reduced with 20 MHz (p = .002) and 40 MHz sonography (p = .032), while dermal thickness varied insig-
nifcantly with 20 MHz (p = .35) and 40 MHz sonography (p = .33). Measurements at 40 MHz were significantly higher than 
their 20 MHz counterparts at baseline (epidermis: p < .001; dermis: p = .003) and at follow-up (epidermis: p < .001; dermis: p 
= .001). Strain ratio revealed no significant change of dermal elasticity (p = .96). Conclusions: Although epidermal and dermal 
measurements varied significantly with 20 MHz and 40 MHz ultrasonography, both techniques efficiently quantified treatment 
response by measuring the reduction of epidermal thickness. Sonoelastographic findings were consistent with the expected 
outcome of short-term use of low-potency corticosteroid. Further studies are recommended. 
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Introduction

Psoriasis is a chronic, non-infectious, inflammatory 
disease of the skin, characterized by well-defined erythe-
matous plaques, bearing adherent, silvery scales [1,2]. 
The plaque pattern is the most common type. The sites of 

predilection are the knees, elbows, lower back, and scalp. 
The main changes of skin histology are irregular thicken-
ing of the epidermis, dilated and tortuous capillary loops 
in the dermis and inflammatory infiltrate represented by 
polymorphonuclear leucocytes and T lymphocytes in the 
upper dermis. The diagnosis is established clinically and 
confirmed by histology [2]. 

The first-line treatment for mild forms of disease con-
sists of topical corticosteroids [3-6], with skin atrophy 
being the most severe potential side effect at the site of 
treatment [5,6]. The severity of the disease and the re-
sponse to treatment are generally assessed using clinical 
scoring systems [7-9]. Clinical scores are frequently used 
to meet research purposes, but due to their time-consum-
ing nature, they are not commonly applied in daily medi-
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cal practice [1,10]. In addition, they are subject to intra- 
and inter-observer variation [7-9]. 

In this context, over the past few decades high-fre-
quency ultrasonography (HFUS) has emerged as a valid 
alternative approach for morphological examination 
and assessment of disease progress in psoriasis [11-15]. 
HFUS (20 MHz and above) [16] has the advantages of 
being practical, widely available, non-invasive, low cost, 
as well as  providing quantitative criteria of examination 
[10,17,18]. In plaque psoriasis, objective measurements 
of skin thickness have been widely used in clinical trials 
as indicators of effectiveness of therapy [11-14] and, to 
a lesser extent, as a means for early detection of steroid-
induced skin atrophy [19,20]. More frequently, steroid-
induced skin atrophy in psoriasis is assessed based on 
clinical examination [6]. In particular, use of low-potency 
corticosteroid for short periods of time is generally con-
sidered risk-free, with no development of skin atrophy 
[5]. However, clinically evident skin atrophy in response 
to six-week hydrocortisone application has been reported 
[21]. Detection of subclinical skin atrophy is important 
because it may allow prompt therapeutic intervention in 
view of preventing progression into irreversible damage 
[22]. 

In addition to the HFUS systems intended for skin im-
aging [16,17], recently developed high-frequency trans-
ducers manufactured for general-purpose ultrasonogra-
phy are currently available in the market and might hold 
potential for dermatological application. While the ef-
ficiency of the dedicated systems has been investigated 
and confirmed [11-13,23], the value of the new transduc-
ers remains to be established. 

The majority of general-purpose commercial sys-
tems also provide the option of tissue elasticity imag-
ing. Sonoelastography is a relatively new technique with 
reported applications in skin pathology [24-26], but its 
dermatological potential remains insufficiently explored. 

The first objective of the present study was to evaluate 
and compare the efficiency of 20 MHz dedicated skin so-
nography and the efficiency of 40 MHz general-purpose 
sonography in the assessment of psoriatic plaques under 
topical treatment (hydrocortisone). The second objective 
was to assess the efficiency of real-time sonoelastogra-
phy in the early detection of steroid-induced skin atrophy 
in psoriatic plaques. 

Patients and methods

The study was carried out upon 16 psoriatic cutane-
ous plaques in three consecutive patients (age: 39, 50, and 
58 years) with a history of plaque psoriasis, presenting 
for mild clinical relapses which affected less than 10% 

of body surface area. The diagnosis of plaque psoriasis 
was established based on patient’s medical history and 
clinical dermatological examination, which identified the 
presence of typical pink plaques with dry silvery-white 
scales. The cutaneous plaques had the following distribu-
tion: back (6), elbow (4), gluteal region (3), hip (2), and 
shoulder (1). 

Clinical and ultrasonographic assessment was per-
formed on each psoriatic plaque, at baseline and after six 
weeks of topical treatment. The treatment consisted of 
hydrocortisone acetate 1% ointment (Hidrocortizon®; 
Antibiotice, Iasi, Romania) once-daily evening applica-
tion and emollient once-daily morning application. None 
of the patients had previously been administered system-
ic therapy for psoriasis in the course of the disease. 

Clinical assessment was documented by means of 
clinical photographs (Sony Cyber-Shot DSC-HX9 V, To-
kyo, Japan). 

Ultrasonographic assessment was performed with two 
equipments, each operated by a different examiner: Der-
mascan C (Cortex Technology, Hadsund, Denmark) with 
the medium-focus linear probe, operated by a dermatolo-
gist with five-year experience (MC) and Ultrasonix So-
nixTouch (Ultrasonix Medical Corp, Richmond, British 
Columbia, Canada) with the L40-8/12 linear probe, oper-
ated by a radiologist with twenty-seven-year experience 
in sonography, seven-year experience in elastography 
and two-year experience in dermatologic ultrasonogra-
phy with 40 MHz (SD). The operating parameters of the 
two equipments are shown in table I. 

Table I. Operating parameters of the two ultrasound systems.

Dermascan SonixTouch

Operating frequency, MHz 20 40

Axial resolution, µm 60 30

Lateral resolution, µm 200 94

Field of view depth, mm 15 8

With the SonixTouch scanner each lesion underwent 
a B-mode and an elastographic examination. The B-mode 
images were interpreted according to the different echo-
genicity of the skin layers in the psoriatic plaque [15]. 
Epidermal and dermal thickness was measured on three 
scans of the plaque and the mean value for each layer was 
computed for data analysis. The epidermal thickness was 
measured from the upper limit of the entry echo to the 
lower limit of the intermediate band. The dermal thick-
ness was measured from the lower limit of the intermedi-
ate band to the dermis-hypodermis interface [15]. 
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Fig 1. Clinical appearance of psoriatic plaques in a 50 year-old 
patient: a. at presentation; b. at follow-up. 

Fig 2. B scale appearance of a psoriatic plaque located on the 
back in a 50 year-old man: a. and b.  Dermascan C sonograms 
(20 MHz) at baseline and at follow-up, respectively; c. and d. 
SonixTouch sonograms (40 MHz) at baseline and at follow-up, 
respectively.

Real-time sonoelastography was obtained by gen-
tly placing the transducer over the plaque, with a large 
amount of gel. Gentle vibration of the transducer over 
the skin was induced manually until the quality indi-
cator scale of the machine prompted for optimal com-
pression. For the sonoelastographic evaluation, strain 
ratio (SR) was used to quantify the strain difference 
between the dermal layer of the psoriatic plaque and 
the adjacent hypodermis. To compute SR, equal-sized 
regions of interest were placed in the dermis and in 
the hypodermis. In the dermis (A) and in the hypoder-
mis (B), SR is computed as B/A. Three measurements 
were performed for each plaque and the mean value 
of SR was computed. Images of all measurements for 
all plaques and all examination techniques were stored 
digitally. 

The study was approved by the local Ethics Commit-
tee and written informed consent was obtained from all 
patients. 

Statistical analysis
Normal distribution of the data was assessed with the 

Kolmogorov-Smirnov test. The Student’s t-test for paired 
samples was used to compare pre- and post-treatment 
pairs. The pairs were matched in order to compare epi-
dermal and dermal thickness, respectively, as a subject 
of the moment when the image was taken (baseline and 
follow-up) and between the two ultrasound equipments. 
The null hypotheses were that epidermal and dermal 
thicknesses do not differ in response to treatment and be-
tween the two ultrasound equipments. For SR, the signif-
icance of the difference between baseline and follow-up 
values was assessed, with the null hypothesis that there 
was no difference before and after treatment. In all tests, 
a confidence level of p<.05 was considered significant. 
The statistical tests were performed using the R program, 
version 3.0.2.

Results

On clinical exam, all plaques showed improvement 
of the clinical presentation following treatment, with re-
duced erythema, induration, and scaling (fig 1). 

B-mode ultrasonographic evaluation of treatment 
response

On the ultrasound images acquired with both so-
nographic equipments psoriatic plaques presented as 
three-layered lesions. The superficial layer was highly 
echogenic, the intermediate layer appeared hypoechoic 
to anechoic and the profound layer was of intermediate 
echogenicity. This pattern was observed in all lesions at 
baseline. At follow-up the intermediate layer was visibly 
reduced or even undetectable (fig 2). 

The paired-samples t-test for the 20 MHz measure-
ments found a significant difference in epidermal thick-
ness scores in response to treatment (baseline: 0.21 ± 
0.059; follow-up: 0.15 ± 0.04; p=.002). Results were 
similar for the 40 MHz measurements of epidermal 
thickness (baseline: 0.71 ± 0.18; follow-up: 0.60 ± 0.13, 
p=.032). Follow-up 20 MHz evaluation suggested an in-
crease in dermal thickness (baseline: 1.51 ± 0.45; follow-
up: 1.61 ± 0.25; p=.35), shown to be insignificant. The 
corresponding 40 MHz values did not show a significant 
reduction in dermal thickness (baseline: 2.18 ± 0.67; fol-
low-up: 2.05 ± 0.50; p=.33)  

Comparison of the ultrasound equipments (20 MHz 
– 40 MHz variation) 

The mean values of epidermal and dermal thickness-
es determined at the frequency of 40 MHz were higher 
than the 20 MHz counterparts in all the patients. Paired-
samples t-test to test for the significance of the variation 
showed highly significant differences in epidermal thick-
ness at baseline (20 MHz: 0.21 ± 0.059; 40 MHz: 0.70 
± 0.18; p<.001) and at follow-up (20 MHz: 0.15 ± 0.04; 
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40 MHz: 0.59 ± 0.13; p<.001). The differences in dermal 
thickness were significant at baseline (20 MHz: 1.51 ± 
0.45; 40 MHz: 2.24 ± 0.66; p=.003) and at follow-up (20 
MHz: 1.61 ± 0.25; 40 MHz: 2.11 ± 0.47; p=.001).

Sonoelastographic evaluation of steroid-induced 
skin atrophy

The hypodermis exhibited a constant dark red signal 
(softest). Dermal elastographic signal showed highly 
variable patterns. Both initial and final elastograms dis-
played various combinations of mixed blue and green 
bands of color, a preponderance of red signals, scat-
tered areas of pale blue and red spotted signals (fig 3). 
Treatment was not found to influence dermal elasticity, 
SR variation being statistically insignificant (baseline: 
1.61±0.75; follow-up: 1.60±0.60; p=0.96). 

Discussions

Ultrasonography in dermatology employs two fre-
quency ranges: 7.5-15 MHz for regional lymph nodes 
and cutaneous tumors [16,17,27] and 20-100 MHz for 
skin morphology examination [11-14,16,23,28]. High-
resolution dermatologic ultrasonography is commonly 
performed at 20 MHz [16-18].

In normal glabrous skin, 20-40 MHz ultrasonography 
shows the dermal layer directly below the entrance echo 
[18,28], whereas 100 MHz ultrasonography allows for 
the visualization of an additional intermediate anechoic 
band, located between the entrance echo and the reticu-

lar dermis and representing the viable epidermis plus the 
papillary dermis [28].  

In psoriatic plaques, the histological modifications 
generate corresponding changes in sonographic morphol-
ogy: hyperkeratosis and acanthosis determine an increase 
in epidermal thickness; inflammation and vascular abnor-
malities determine an increase in dermal thickness [29]. 
Due to hyperkeratosis and superficial scaling the stratum 
corneum becomes thicker and hyperechoic, which deter-
mines an increase in the thickness and echogenicity of the 
entrance echo [13,28]. Epidermal acanthosis and inflam-
mation of the papillary dermis determine an increase in 
the thickness of the intermediate band, which allows for 
its representation on 20-40 MHz sonograms [13,14,28]. 

Psoriatic plaques have been investigated at various 
frequencies within the 20-100 MHz range [11-14,28,30]. 
High frequencies directly correlate with a better axial reso-
lution, which is important to discriminate between indi-
vidual skin layers [16,18]. However, even in the context of 
the high resolution provided at the frequency of 100 MHz, 
the dermo-epidermal junction cannot be visualized [28]. 
In addition, with the increase in frequency, the penetration 
depth of the ultrasonic wave decreases (1.5 mm for 100 
MHz) [16,18]. With whole skin thickness (epidermis plus 
dermis) in untreated psoriatic plaques reaching dimensions 
of up to 3.5 mm [20], lower frequency ranges may be more 
adequate to investigate psoriatic skin lesions.

Numerous studies indicate that the thickness of the in-
termediate band is the most important sonographic param-
eter which correlates with severity and treatment response 
in psoriatic plaques [12-14,30]. However, the intermediate 
band is not characteristic for psoriatic plaques [18,31]. In 
psoriasis, Hoffmann et al found a decrease in the thickness of 
the intermediate band following treatment by 99.92 % [13]. 

In the present study, epidermal thickness measure-
ments included the entrance echo and the intermediate 
band. This implied an overestimation of the real epider-
mal thickness due to the fact that the entrance echo and 
the intermediate band also contain the echoes from the 
water-skin interface and the papillary dermis, respec-
tively. In response to therapy, the decrease in epidermal 
thickness measured as described above, is an expression 
of two components. The first component is the normali-
zation of the epidermal structure with reduced scaling at 
clinical assessment. Sonographically, this involves a re-
duction in the thicknesses of the entrance echo and of the 
intermediate band due to diminished hyperkeratosis and 
acanthosis, respectively. The second component refers 
to the amelioration of dermal pathological changes with 
reduced erythema at clinical assessment and a further 
decrease in the thickness of the intermediate band due 
to receding inflammation in the papillary dermis [13,28]. 

Fig 3. Sonoelastographic appearance of a psoriatic plaque lo-
cated on the back in a 39 year-old woman: a. Baseline sonoe-
lastogram; b. Follow-up image. 
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In our study, dermal thickness measurements refer spe-
cifically to the reticular dermis. Contrary to the results of this 
study, Hoffmann et al [13] found a specific decrease in the 
thickness of the reticular dermis in response to treatment by 
45.2 %. Vaillant et al [12] found a mean increase in dermal 
thickness in psoriatic lesions by 60% when compared to 
normal skin and reported a decrease in dermal thickness in 
response to treatment. However, the dermal measurements 
in their study included the intermediate band. Therefore, 
the decrease in dermal thickness in response to treatment 
cannot specifically be attributed to the reticular dermis. In 
accordance with the results of this study, El-Zawahry et al 
[30] reported that dermal thickness showed no significant 
difference in psoriatic skin vs. normal skin and no corre-
lation with the clinical severity of the disease as assessed 
with the PASI score. This is in agreement with the patho-
logical changes which develop in psoriasis. Creamer et al 
[32] demonstrated that the most prominent pathogenetic 
feature of psoriasis, i.e. the dermal microvascular prolifera-
tion [33], was exclusively located in the papillary dermis 
and thus it did not involve the reticular dermis.

The difference between the measurements acquired 
with the two ultrasound equipments can be attributed to 
the potential inter-observer variability and the different 
image construction techniques used by the two systems.

Another aim of this study was to investigate the 
potential of sonoelastography for the early detection 
of steroid-induced skin atrophy in psoriatic plaques. 
Ultrasound-based elastography is the most widely used 
technique for soft tissue elasticity mapping. Tissue me-
chanical properties are imaged in response to external 
deformation. The skin, being susceptible to external de-
formation, might prove to be an adequate target for so-
noelastographic investigation [34].

Steroid-induced skin atrophy involves both the epi-
dermis and the dermis [35]. In the natural course of ster-
oid atrophy, the first event is represented by a reduction 
in epidermal thickness [5], which is potentially revers-
ible with early treatment readjustment [36]. Extended 
steroid use leads to additional dermal deterioration and 
striae formation which, unlike epidermal atrophy, tend to 
be persistent or irreversible [22]. This aspect, along with 
a potential tendency to clinically underestimate steroid-
induced skin atrophy in psoriatic plaques [6], emphasizes 
the need for an early objective determination of dermal 
atrophic changes prior to their clinical expression. 

In the present study, the use of sonoelastography to 
meet the aforementioned need relies on the observation 
that steroid-induced dermal atrophy is associated with 
loss of dermal elasticity [37-39]. Josse et al [38] found a 
good correlation between skin mechanical properties and 
histological assessment in atrophic skin. 

High-frequency ultrasonography has been used to de-
termine dermal thickness variation in response to topical 
steroid treatment in psoriatic plaques [19,20]. However, 
it has been reported that dermal mechanical properties 
vary to a greater extent compared to dermal thickness 
determinations (35% and 10%, respectively) [38]. There-
fore, sonoelastography was used in this study in order to 
look further into the dermal information acquired with 
B-mode sonography. 

Strain ratio values higher than 1 signified increased 
dermal stiffness relative to the hypodermis. This is not 
specific to psoriasis, because in normal skin the der-
mis typically exhibits higher stiffness compared to the 
hypodermis [40]. The insignificant variation of SR val-
ues following treatment may allow to hypothesize on 
the absence of dermal atrophy in this group of patients, 
which would be in accordance with the expected course 
of events with low-potency steroid use for short periods 
of time [5].

The limitations of the study include the small num-
ber of patients enrolled and the lack of a control group. 
Being a work-in-progress study and involving examiners 
with a wide gamut of expertise in different technologies 
and equipments, an intra- and inter-observer variability 
test, especially for sonoelastography, could have further 
refined the critical analysis of the observations. 

Conclusions

Both skin dedicated sonography using 20 MHz fre-
quency and general-purpose sonograpghy using 40 MHz 
frequency allowed for unequivocal imaging and morpho-
logical interpretation of psoriatic plaques. Although the 
two techniques provided significantly different measure-
ments of sonographic parameters, each technique was 
found to be efficient at quantifying treatment response in 
psoriatic plaques. 

To the best of our knowledge, there are no previous 
studies on plaque psoriasis which compare skin dedi-
cated sonography with general-purpose sonography or 
which apply sonoelastography in the assessment of ster-
oid-induced skin atrophy.

Real-time sonoelastography of psoriatic lesions with 
SR variation analysis did not show a significant change 
of dermal elasticity following short-term application of 
low-potency topical steroid (hydrocortisone). The value 
of sonoelastography in the early subclinical detection of 
steroid-induced skin atrophy is a concept worthy of fur-
ther investigation, possibly in the context of long-term 
steroid use or high-potency steroid application. 
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