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Abstract

Background: Skin biometrology is a useful method for evaluation of inflammatory skin disorders such as dermatitis, psoriasis, and
lichen planus. The current study tries to compare the biophysical features of skin in dermatitis, psoriasis, and lichen planus.

Methods: By a convenient sampling method, 22 mild to moderate chronic dermatitis, 26 psoriasis, and 21 lichen planus patients
were recruited in the study. Stratum corneum (S.C.) hydration, Transepidermal water loss (TEWL), pH, erythema, melanin, sebum,
friction, elasticity parameters (RO, R2, and RS5), skin temperature, skin thickness, and echo-density of epidermis and dermis were
measured on the lesional (selected active lesion), uninvolved perilesional, and uninvolved symmetrical skin. The average of
perilesional and symmetrical uninvolved parameters was used as control, while the percentage change of each parameter [(lesion —
control / control) x100] was calculated, and compared among three diseases by ANOVA test using SPSS software version 18. The
significance level was set at a=0.05.

Results: Comparison of percentage changes showed that the changes in TEWL, friction index, sebum content, R2 (gross elasticity),
RS (net elasticity), skin temperature, dermal thickness, and epidermal density are not significantly different among three skin diseases.
But there were significant differences in three diseases considering the decrease in S.C. hydration (p<0.001), RO (opposed to firmness)
(p<0.001), and dermal density (p<0.001) compared to control skin. Moreover, the increase in skin pH (p<0.001), melanin content
(p=0.048), erythema (p=0.023), and epidermal thickness (p <0.001) significantly differed among these diseases.

Conclusion: Dermatitis, psoriasis and lichen planus lesions had specific biophysical changes. It may be helpful in their differential
diagnosis.
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Introduction

Clinical examination is the most applicable tool of diag-
nosis in dermatology, while skin biopsy may be needed to
confirm the diagnosis (1). Dermatitis, psoriasis, and lichen
planus are all papulosquamous (PS) skin diseases with

similar clinical pictures. Therefore a definitive histological
diagnosis is necessary in many cases (2). Nowadays novel
imaging techniques and non-invasive in vivo methods for
measurement of skin biophysical properties are available
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to assess skin lesions. They can be used to increase diag-
nostic accuracy without any biopsy requirement (1, 3).

Skin biometrology is used to evaluate skin changes in
some systemic diseases such as diabetes, thyroid dysfunc-
tion, and Ehlers—Danlos syndrome recently (4-6). There
are also few studies about the skin biophysical changes in
some papulosquamous diseases such as dermatitis (7) and
psoriasis (8).

High-frequency ultrasound (HFUS) is another imaging
technique which has been used to assess response to
treatment in some papulosquamous conditions such as
dermatitis, psoriasis and lichen planus (1). On the other
hand, ultrasound features of skin in dermatitis, psoriasis,
and lichen planus are different from each other (9, 10).

Overall, recent developments in imaging techniques
with the ability to provide objective information, have
made these instruments appropriate to be used for charac-
terization of skin lesions with potential for clinical use in
the future (1).

The aim of the study was to compare the biophysical,
biomechanical and ultrasound features of skin in chronic
dermatitis, psoriasis and lichen planus.

Methods

By a convenient sampling method, patients suffered
from mild to moderate chronic dermatitis (atopic or con-
tact dermatitis), psoriasis and lichen planus with a mini-
mum age of 18 years referred to the Center for Research
& Training in Skin Diseases & Leprosy (CRTSDL) from
September 2014 to March 2016 who fulfilled eligibility
criteria and provided informed consent were recruited in
the study. The clinical diagnosis was made by a dermatol-
ogist and confirmed by histological findings. All partici-
pants had no treated active lesions with a duration of 2 to
4 weeks. The exclusion criteria included any systemic
diseases that can affect skin conditions, recent history of
any other skin diseases or operations in the previous three
months, use of any systemic or topical medication or other
interventions for their skin disease during the past two
weeks, and pregnancy.

Baseline characteristics of the patients including age,
gender, Fitzpatrick’s skin type, location and duration of
the disease were recorded.

To perform the biophysical assessments, participants
were instructed not to wash or use any topical products on
their skin from the night prior to the measurements. On
the day of assessments, participants were asked to rest and
relax for 20 minutes in a standard atmosphere condition
(20-25° centigrade temperature; 25-30 % humidity). Then
the stratum corneum (S.C.) hydration (using Corneome-
ter® CM 825), TEWL (using Tewameter® TM 300), pH
(using Skin-pH-Meter® PH 905), erythema and melanin
index (using Mexameter® MX 18), sebum (using Se-
bumeter® SM 815), friction value (using Frictiometer
FR700), elasticity parameters including R0, R2, and RS
(using Cutometer® 580), and skin temperature (using
Skin-Thermometer ST 500) were measured by Multi
Probe Adapter (MPA, Courage + Khazaka electronic
GmbH, Germany) on the lesional (selected active lesion),
uninvolved perilesional, and uninvolved symmetrical skin.
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Selection of these three sites was done by the dermatolo-
gist who had confirmed the diagnosis. The active border
of a lesion was selected as lesional skin. Meanwhile, the
normal-appearing skin of the same location on the oppo-
site side of the body was selected as uninvolved symmet-
rical, and the normal-appearing skin, at least 3 cm away
from the border of active disease, was selected as unin-
volved perilesional skin.

It should be noted that frictiometer measures the torque
as friction index and is related to elasticity and plasticity
of skin. RO (Uf) shows total elastic and plastic defor-
mation of skin and the value of RO is opposed to firmness.
R2 shows gross elasticity and R2 is equal to Ua/Uf, where
Ua is equal to viscoelastic/plastic recovery or final retrac-
tion of skin and Uf is equal to total deformation of skin.
RS shows net elasticity of the skin and RS5 is equal to
Ur/Ue, where Ur is equal to immediate elastic recovery or
immediate retraction, and Ue is equal to immediate exten-
sibility or elastic deformation (11).

High-frequency ultrasonography of the skin was done
by 22 MHz and 50 MHz probes of DUB skin scanner (tpm
Company, Luneburg, Germany) to measure the thickness
and echo-density of dermis and epidermis, respectively,
on the same lesional, perilesional, and symmetrical unin-
volved skin.

As there was no clinically and statistically significant
difference between perilesional and symmetrical unin-
volved skin parameters, the means of these parameters
were used as controls. The skin lesion parameters were
compared with control by paired sample T- test.

In order to eliminate the impact of different anatomical
site of measurements, the mean percentage for change of
any of above-mentioned parameters was calculated ac-
cording to the formula: [(lesion — control/control) x100],
and compared among these three papulosquamous skin
diseases.

The SPSS software version 18 (SPSS Inc., Chicago,
US) was used for statistical analysis. Mean and standard
deviation (SD) were used to describe quantitative data.
Meanwhile, comparison of quantitative data among three
diseases was performed by analysis of variance (ANOVA)
test. Furthermore, if ANOVA showed significant differ-
ences, the post hoc comparisons (Tukey test) were done to
compare data two by two. Statistical significance level
was defined as p<0.05.

The study was in accordance with the Declaration of
Helsinki and approved by CRTSDL institutional review
board and Tehran University of Medical Sciences ethics
committee. Oral informed consents were provided by all
the participants. All the measurements were non-invasive
and done free of charge, and the data of the patients were
kept confidential.

Results

Sixty-nine patients including 22 chronic dermatitis, 26
psoriasis, and 21 lichen planus patients were included in
this study. The mean age of them was 40.10 (SD=14.37)
years, and 37 were male. All patients had Fitzpatrick skin
types III or IV. The mean duration of the disease was 5.47
(SD=7.81) years. The selected active lesions were located



on upper limbs in 37, lower limbs in 22, trunk in 5, and
face in 5 patients.

In chronic dermatitis patients, stratum corneum
hydration (p<0.001), friction (p=0.023), sebum (p=0.016),
and RO (p<0.001) were significantly lower in lesions,
while TEWL (p=0.034), pH (p=0.001), erythema
(p=0.004), and temperature (p=0.049) were significantly
higher. In psoriasis patients, stratum corneum hydration
(p<0.001), friction (p=0.004), and RO (p<0.001) were
significantly lower, while TEWL (p<0.001), pH
(p<0.001), and melanin (p=0.008) were significantly
higher in affected areas. In lichen planus patients, stratum
corneum hydration (p<0.001), sebum (p=0.041), and RO
(p<0.001) were significantly lower in lesions; on the other
hand pH (p<0.001), melanin content (p<0.001), erythema
(p<0.001), and temperature (p=0.016) were significantly
higher. Details of lesion-control comparisons for any
diseases have been reported previously (12, 13).

Comparison of the percentage changes of the
parameters among these three diseases by ANOVA test
showed that the change in TEWL, friction index, sebum
content, R2 (gross elasticity), RS (net elasticity), skin
temperature, dermal thickness, and epidermal density
didn’t show any statistically significant difference among
skin diseases (Table 1).

But there were significant differences in three diseases
considering the decrease in S.C. hydration, RO (opposed to
firmness), and dermal density compared to control skin
(Table 1). Post hoc comparisons (Tukey test) showed that
the decrease in lesion S.C. hydration in dermatitis
(p<0.001) and lichen planus (p<0.001) were significantly
less than psoriasis, and this decrease in lichen planus was
significantly less than dermatitis (p<<0.001), as well.

The decrease of lesion RO in lichen planus was signifi-
cantly less than psoriasis (p<0.001), but the differences
between dermatitis and psoriasis (p=0.068) and between
dermatitis and lichen planus (p=0.070) were not signifi-
cant.

The decrease of lesional dermal density in lichen planus
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was significantly less than dermatitis (p=0.026) and psori-
asis (p<0.001), but the difference between dermatitis and
psoriasis was not significant (p=0.290).

On the other hand, of the increase in skin pH, melanin
content, erythema, and epidermal thickness significantly
different among these diseases (Table 1). Post hoc com-
parisons (Tukey test) showed that the increase of lesion
pH in dermatitis (p=0.001) and lichen planus (p=0.001)
were significantly less than psoriasis, but the difference
between dermatitis and lichen planus was not significant
(p=0.980). The increase of erythema in dermatitis was
significantly less than lichen planus (p=0.034), but the
differences between dermatitis and psoriasis (p=0.954)
and between psoriasis and lichen planus (p=0.054) were
not significant.

The increase of melanin content in dermatitis was sig-
nificantly less than lichen planus (p=0.046), but the differ-
ences between dermatitis and psoriasis (p=0.781) and be-
tween psoriasis and lichen planus (p=0.157) were not sig-
nificant.

The increases of lesional epidermal thickness in derma-
titis (p<0.001) and lichen planus (p<0.001) were signifi-
cantly less than psoriasis, but the difference between der-
matitis and lichen planus was not significant (p=0.848).

Discussion

The results of this study showed that biometric changes
of the lesions of chronic dermatitis, psoriasis and lichen
planus vary among these papulosquamous diseases. Alt-
hough the trends of decrease or increase of biophysical
parameters were similar in all three groups, the percentage
changes of them are different from each other and com-
parison of change percentages could be a way for differen-
tiation.

Highest decrease of lesional S.C. hydration was formed
in psoriasis, followed by dermatitis and lichen planus.
Previous biometric studies have shown that S.C. hydration
was lower on lesions in comparison with healthy skin in
dermatitis and psoriasis (14, 15), but there is no such

Table 1. The comparison of skin biophysical parameters percentage change between dermatitis, psoriasis & lichen planus and two by two comparisons by
Tukey test

Percentage change (mean+SD7)% two by two (post hoc) comparisons

Dermatitis Dermatitis Psoriasis &
Variable Dermatitis Psoriasis Lichen planus ANOVA &Psoriasis &Lichen planus  Lichen planus
(p) Post hoc Post hoc Post hoc
@ () ()
Hydration -59.39+37.13 -88.34+12.03 -20.56+21.13 <0.001 <0.001 <0.001 <0.001
TEWL 149.16+£259.45 213.85+262.19 104.28+138.08 0.279 - - -
Friction -26.06+32.50 -46.294+29.15 -17.33+£58.08 0.059 - - -
pH 7.61£9.10 19.17£12.38 6.99+9.85 <0.001 0.001 0.980 0.001
Sebum -67.56+49.51 -28.30+£85.48 -6.17+182.69 0.278 - - -
Melanin 30.80+64.53 46.44+70.25 90.51+£104.14 0.048 0.781 0.046 0.157
Erythema 27.00+£36.06 32.99+73.11 82.03+£91.55 0.023 0.954 0.034 0.054
RO -51.19432.69 -74.97+25.08 -26.22+49.37 <0.001 0.068 0.070 <0.001
R2 -3.91+38.80 -46.79+111.66 -9.34426.25 0.094 - - -
R5 27.72496.21 39.32+138.60 -3.57+£32.89 0.354 - - -
Temperature 1.93+4.00 0.66+2.71 1.32+2.37 0.379 - - -
Dermal thickness 16.93+32.36 26.82+39.03 15.17+28.53 0.472 - - -
Dermal density -49.18+33.40 -65.134£21.07 -19.73+46.98 <0.001 0.290 0.026 <0.001
Epidermal thickness 15.53+19.89 87.41+69.87 6.55+17.95 <0.001 <0.001 0.848 <0.001
Epidermal density 4.64+55.09 -3.31+48.05 -7.96+18.33 0.714 - - -

1 Standard Deviation
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study in lichen planus. However, due to hyperkeratosis in
lichen planus, decreased S.C. hydration is justifiable (16).
The amount of S.C. hydration decrease varied among
these three diseases, and this finding might be a point for
distinction of them.

Elevated TEWL values are observed in a number of dis-
eases with skin barrier abnormalities such as atopic der-
matitis and psoriasis (3, 14). This finding was confirmed
in this study, and there was no significant difference in the
level of TEWL increase among these diseases, so TEWL
can’t be a way to differentiate them.

According to the previous assays, there is usually an in-
verse relationship between SC hydration and TEWL (3,
15). Although in recent studies the amount of TEWL in-
crease didn’t vary significantly among three diseases
whereas S.C. hydration decrease did, the trend of SC hy-
dration and TEWL changes was reciprocal as expected.

Superficial stiffness of lesion (shown by inverse RO0)
was highest in psoriasis compared with lichen planus and
dermatitis, but the difference was only significant with
lichen planus. It is known that psoriatic epidermis has the
most keratinocyte hyperproliferation, as compared with
dermatitis and lichen planus (17), and this could be the
reason for increased stiffness. Moreover, higher stiffness
could be due to a decrease of S.C. hydration (18) in psori-
atic lesions, which had the least hydration among these
diseases. The increase in skin stiffness has been demon-
strated in psoriatic lesions previously with the decrease in
RO (19) and in another study with a different technique
(CRRT: cutaneous resonance running time) (20).

Edema and cellular infiltration in inflammatory skin
disorders were shown by a subepidermal low echogenic
band (SLEB) and decrease in dermal echo-density (21,
22). We found that the decrease in lesional dermal density
in lichen planus patients was lower than dermatitis and
psoriasis. As it is shown that T-cell count in the dermis of
lichen planus lesions was higher than psoriatic dermis
(17), the contradictions may be due to different phase or
severity of researched diseases. So, more studies in this
regard are needed. Previous ultrasound studies have
shown an intermediate zone between the epidermis and
dermis in psoriasis (which its thickness correlated signifi-
cantly with the PASI score) and a sound shadow in the
dermis of lichen planus and chronic eczema (23).

It has been demonstrated that the increase in skin dry-
ness and also TEWL in dermatitis patients, 1is
accompanied by an increase in pH values (24). The pre-
sent study revealed that psoriatic lesions which had the
highest dryness and TEWL amongst three studied diseases
showed the highest pH.

Comparison of dermatitis, psoriasis and lichen planus
by adaptive neuro-fuzzy inference systems had proved
that the erythema in chronic dermatitis was less than pso-
riasis, and the melanin incontinence was a diagnostic fea-
ture for lichen planus (25). Our study also showed that the
erythema and melanin content in lichen planus was signif-
icantly more than dermatitis and also more than psoriasis;
though didn’t reach statistical significance. Based on the
similar findings of these two different assessment tech-
niques, we may conclude that Mexameter assessment
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which shows the amount of erythema and melanin content
might be helpful in the differentiation of these diseases.

The increase in thickness of epidermis in dermatitis and
psoriasis due to hyperkeratosis and epidermal hyperprolif-
eration has been shown histologically (17) and also by the
non-invasive technique of optical coherence tomography
(OCT) (26, 27). Comparison of epidermal thickness in
dermatitis, psoriasis, and lichen planus histology revealed
that psoriasis had the most well-marked epidermal hy-
perproliferation and atopic dermatitis and lichen planus
had less epidermal hyperproliferation, respectively (17).
The same comparison by confocal microscopy also
showed that thickened epidermis is the main significant
criterion for psoriasiform dermatitis and mild thickening
of the epidermis was detected in a few cases of sub-acute
eczema (28). The epidermal thickness measured by
ultrasonography was significantly more in psoriasis than
dermatitis and lichen planus in this study. Thickening of
epidermis in dermatitis and psoriasis plaques was shown
by ultrasonography previously (22, 29) but this is the first
study comparing them.

A limitation of the study is that the duration and severity
of the diseases may possibly influence the measurements
and make difficult to compare them. We included only
patients with mild to moderate diseases (according to
dermatologist diagnosis) to deal with this limitation.

The strength of the study is that it is the first compre-
hensive comparative evaluation of biophysical, biome-
chanical and ultrasonographic findings of dermatitis, pso-
riasis and lichen planus.

Histopathology is still considered as a gold standard tool
to differentiate papulosquamous skin disorders (2, 30) but
recently non-invasive methods like confocal laser scan-
ning microscopy (CLSM) has been used for the diagnosis
of inflammatory diseases such as psoriasis, lichen planus
and lupus erythematosus (31).

Conclusion

According to the results of this study, skin biometrology
can be considered as a non-invasive and valuable tech-
nique to help in the diagnosis of papulosquamous skin
disorders such as dermatitis, psoriasis and lichen planus.
These new technologies allow dermatologists to do a fast,
objective and quantitative assessment of skin to make the
diagnosis and evaluate the response to treatment.
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