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Abstract

Background: The biophysical and ultrasonographic properties of the skin change in papulosquamous
diseases.

Aims: To identify biophysical and ultrasonographic properties for the differentiation of five main groups
of papulosquamous skin diseases.

Methods: Fifteen biophysical and ultrasonographic parameters were measured by multiprobe adapter
system and high-frequency ultrasonography in active lesions and normal control skin in patients with
chronic eczema, psoriasis, lichen planus, pityriasis rosea and parapsoriasis/mycosis fungoides. Using
histological diagnosis as a gold standard, a decision tree analysis was performed based on the mean
percentage changes of these parameters [(lesion—control/control) x100] for differentiation of the diseases.
Results: The accuracy of the decision tree model for differentiation of five diseases was 67% which developed
based on changes in stratum corneum hydration, epidermal thickness, skin pH, melanin index, RO (reciprocal
of firmness) and erythema. Among the flowcharts for pairs of diseases, three models for differentiation had high
accuracy (> 95%): those of psoriasis from lichen planus, pityriasis rosea, and parapsoriasis/mycosis fungoides.
Limitations: Validation studies on a larger sample size in situations where the diagnosis is unclear are
needed to confirm the accuracy and applicability of decision trees.

Conclusion: Skin biophysical and ultrasonographic properties may help in the differentiation of
papulosquamous diseases as simple and non-invasive tools.
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diseases, ultrasonographic findings

Net Study

Correspondence:

Prof. Alireza Firooz,

Center for Research and Training
in Skin Diseases and Leprosy,
Tehran University of Medical
Sciences, 415 Taleghani Avenue,
Tehran, Iran.

E-mail: firozali@sina.tums.ac.ir

Access this article online

Quick Response Code: Website:
www.ijdvl.com

DOI:
10.4103/ijdvl.IJDVL_842_19

This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
which allows others to remix, tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprints @medknow.com

How to cite this article: Yazdanparast T, Yazdani K,
Ahmad Nasrollahi S, Nazari M, Darooei R, Firooz A. Differentiation
of inflammatory papulosquamous skin diseases based on skin
biophysical and ultrasonographic properties: A decision tree model.
Indian J Dermatol Venereol Leprol 2020;86:752.

Received: November, 2019. Accepted: March, 2020.




Introduction

Papulosquamous disorders share a common clinical
picture, presenting with scaly papules and plaques while
having different etiopathogenesis. The most common
papulosquamous disorders are dermatitis, psoriasis, lichen
planus, pityriasis rosea and parapsoriasis/mycosis fungoides.
Although they are usually differentiated by clinical history and
examination, the similarities in their clinical manifestations
can generate difficulties in their diagnoses.! Histopathologic
examination stands as the gold standard for diagnosis and
can help in differentiating these conditions; however, it is an
invasive procedure.?

Various simple, non-invasive methods can make clinical
diagnosis more certain.® Among them, dermoscopy has
been shown to help in the diagnosis of papulosquamous
disorders;** reflectance confocal microscopy (RCM) can help
in differential diagnosis, prognosis and response to treatment
of some inflammatory skin conditions and avoids biopsies;**’
optical coherence tomography is a promising non-invasive
method for diagnosis of inflammatory skin diseases,*!' and
an algorithmic method for pattern analysis of these diseases
has been proposed.'?

Nowadays, novel and non-invasive in vivo methods for
measurement of skin biophysical and biomechanical
properties such as stratum corneum hydration, transepidermal
water loss , friction and elasticity are available for assessing
skin lesions. These can be used to increase the diagnostic
accuracy, thereby avoiding a biopsy although their exact
diagnostic application is not clear yet.'?

High-frequency ultrasonography is another non-invasive
method that can be used to evaluate response to treatment
and disease progression in papulosquamous diseases.'*!’
Although ultrasonography is an established diagnostic
tool in dermatology, ''® it is not commonly used in the
differentiation of papulosquamous diseases and only some
changes such as epidermal thickening and subepidermal
low echogenic band have been shown by ultrasound in
inflammatory diseases.'”!"”

Decision tree—a type of algorithm which simplifies the
decision making in the presence of uncertainty—may be
useful in conjunction with these non-invasive methods. The
tree starts with node, main decision and the lines extending
out from this node for each possible solution. If the solution
leads to another decision, the new line extends to the next
possible series of choices which overall provides a supportive
decision-making process.?

Ultrasonography in combination with skin biometry has
been used to evaluate some types of papulosquamous
disorders previously; however, we were unable to find
any comprehensive study to compare the biophysical,
biomechanical and sonographic characteristics of these
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diseases to reach a practical diagnostic approach. The
purpose of this study was to make a decision tree for
diagnosis of papulosquamous disorders using biophysical,
biomechanical and ultrasonographic properties of skin.?!:??

Methods

All patients suffering from inflammatory skin diseases
including chronic eczema, psoriasis, lichen planus, pityriasis
rosea and parapsoriasis/mycosis fungoides stage 0/1 who had
been referred to the Center for Research and Training in Skin
Diseases and Leprosy from September 2014 to March 2016
and fulfilled eligibility criteria were enrolled.

The criteria for enrolment were the following: mild to moderate
inflammatory skin diseases based on the dermatologist’s
diagnosis (AF), minimum age 18 years, nonpregnant and not
lactating, having active lesions with a maximum duration of
4 weeks at the moment of examination, skin types 3 or 4 in
Fitzpatrick classification, receiving no treatment for index
lesion, no history of any other skin diseases within the 3
months prior to the enrollment, having no systemic diseases
that might affect the skin?

This study protocol was approved by the ethics committee
of Tehran University of Medical Sciences and was
conducted according to the Declaration of Helsinki; ethical
considerations such as providing oral informed consent
and confidentiality were made. All the measurements were
non-invasive and done free of charge.

The clinical diagnosis was confirmed with histological
findings as the gold standard.

The participants were asked not to wash their skin or use any
topical products from the night prior to the measurements.
To perform the biophysical measurement, patients were
requested to rest and relax for 20 minutes in the standard
atmosphere conditions (20-25° C temperature; 25-30%
humidity). Then the stratum corneum hydration (using
Corneometer® CM 825), transepidermal water loss (using
Tewameter® TM 300), pH (using Skin-pH-Meter®
PH 905), erythema and melanin index (using Mexameter®
MX 18), sebum (using Sebumeter® SM 815), friction
value (using Frictiometer FR700), skin temperature (using
Skin-Thermometer ST 500) and elasticity parameters
including RO, R2 and RS (using Cutometer® 580) were
measured by Multi Probe Adapter (MPA, Courage + Khazaka
electronic GmbH, Germany).

RO is a passive behavior of the skin to force; it shows firmness
or stretchability of the skin and represents total elastic and
plastic deformation of the skin. R2 shows gross viscoelasticity
in percent, it represents resistance to the mechanical force
versus the ability to return. R5 demonstrates net elasticity or
elastic portion of the suction part versus the elastic portion of
the relaxation part in percent.>*




Net Letter

In addition to the parameters mentioned above, the thickness
and echo-density of dermis and epidermis were measured by
high-frequency ultrasonography device (DUB skin scanner,
tpm Company, Luneburg, Germany, using 22 MHz and
50 MHz probes of DUB skin scanner respectively), on the
day of measurement.

All measurements were performed on one selected
active lesion, one uninvolved perilesional area defined as
normal-appearing skin about 3 cm away from the border of
active disease and one uninvolved symmetrical area defined
as normal-appearing skin on the same location on the opposite
side of the body.

The biophysical tests were done by a person who was unaware
of the clinical and pathological diagnosis of the patient.

Descriptive statistics measures, including frequency, mean
and standard deviation were used to describe the data
including baseline characteristics and biophysical and
ultrasonographic parameters.

To eliminate the impact of different anatomical site of
measurements, the mean percentage changes of parameters
were calculated according to the below formula in any
diseases:

([lesion parameter — control parameter]/control parameter) x
100

Decision tree analysis was performed for differential
diagnosis of'the five diseases and also for each pair of diseases
based on the mean percentage changes of any biophysical
and ultrasonographic parameters. The control parameter
mentioned in the formula was the mean of perilesional
and symmetrical skin parameters because there were no
statistically significant differences between them by paired
T-test in all five diseases.

We used Matlab software (2016, UK) to design a decision tree.
By default, fitctree function used the standard Classification
and Regression Tree algorithm to create decision trees.?>2
K-fold cross-validation method has been used to validate
the algorithm. This method is a powerful methodology to
prevent data over-fitting.?” In this study, the fold value was
set to K=10.

Results

One hundred and eleven (111) participants (56 female and
55 males) were included and had the following diagnosis: 22
chronic eczema, 26 psoriasis, 21 lichen planus, 21 pityriasis
rosea and 21 parapsoriasis/mycosis fungoides. The mean
age of participants was 38.97 (SD = 14.47) years. The mean
duration of the disease was 4.74 (SD = 7.54) years. The
index lesions were located on upper limbs in 54 patients,
lower limbs in 23 patients, trunk in 29 patients and face in

5 patients. The time interval between histological diagnosis
and biophysical assessment was maximum of 3 days and no
clinical intervention was performed during this period.

The best decision tree model for differential diagnosis of all
five diseases based on changes in stratum corneum hydration,
epidermal thickness, pH, melanin index, RO (reciprocal of
skin firmness), and erythema had an overall accuracy of 67%
to differentiate all of the five diseases [Figure 1].

The sensitivity and confusion matrix of the decision tree are
shown in Table 1. The diameter of the table is the same as
the sensitivity concept; the rest of the houses of each row
are false negative. The most possible confusion was related
to pityriasis rosea which could be differentiated from
parapsoriasis/mycosis fungoides with a 47.5% chance.

The sensitivity, specificity and 95% confidence intervals of
this diagnostic decision tree for these five papulosquamous
diseases are given in Table 2.

Figure 2 shows the best decision tree models for pairwise
differentiation of five diseases based on skin biophysical and
ultrasonographic properties.

Among these flowcharts, psoriasis vs. pityriasis rosea
flowchart had the highest (100%) and pityriasis rosea
vs parapsoriasis/mycosis fungoides flowchart had the
lowest (78.6%) accuracy.

Discussion

There is an overlap of clinical features of papulosquamous
disorders, which often makes clinical diagnosis difficult.
There is an overlapping of some histological features as
well although some features might be characteristic for each
disease.”®

This study showed that certain biophysical and
ultrasonographic properties of the skin can be used as
a noninvasive approach in the differentiation of five
inflammatory papulosquamous diseases: chronic eczema,
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Figure 1: The flowchart of decision tree to differentiate 5 inflammatory skin
diseases based on skin biophysical properties, the accuracy of generated
decision tree was 67% (TPR: True positive rate)
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Table 1: Sensitivity and confusion matrix of decision tree model for differential diagnosis of 5 papulosquamous diseases

Actual label Predicted label

Chronic eczema Psoriasis Lichen planus Pityriasis rosea Parapsoriasis/MF
Chronic eczema 71.5 4.5 4.5 0 13.5
Psoriasis 15 81 0 0 4
Lichen planus 19 0 57 0 24
Pityriasis rosea 0 0 5 47.5 47.5
Parapsoriasis/MF 5 5 5 18 67

MF: Mycosis fungoides

Table 2: The sensitivity and specificity of the decision
tree model for differential diagnosis of 5 papulosquamous

diseases
Disease Sensitivity 95% Cls Specificity 95% Cls
(%) (%) (%)
Chronic eczema 715 54.6-92.2 89.9 81.7-95.3
Psoriasis 81 60.7-93.5 97.7 91.8-99.7
Lichen planus 57 34.0-78.2 93.3 86.1-97.5
Pityriasis rosea 475 25.7-70.2 98.9 94.0-100
Parapsoriasis/MF 67 43.0-85.4 78.9 69.0-86.8

Cls: Confidence intervals, MF: Mycosis fungoides

psoriasis, parapsoriasis/mycosis fungoides, lichen planus and
pityriasis rosea.

The change in RO provided the highest diagnostic yield in
differentiating all five diseases. However, the differentiation
ability improved when skin parameters were combined and
gave an accuracy of 67%. Hydration of stratum corneum
was the first predictive parameter followed by the epidermal
thickness and skin pH which helped to differentiate psoriasis
from chronic eczema. On the other hand, higher melanin
content was in favor of lichen planus, whereas RO and
erythema values helped to differentiate chronic eczema,
parapsoriasis/mycosis fungoides and pityriasis rosea.

As stratum corneum hydration is an important marker of the
epidermal barrier function, it is reasonable to be considered
as the first step of the differentiation criteria. Lower
stratum corneum hydration compared to the unaffected
adjacent and symmetric skin area was in favor of diagnosis
of chronic eczema and psoriasis.” This is in agreement with
previous studies in which the decrease of stratum corneum
hydration in dermatitis and psoriasis were reported.***!

The next differentiating feature between chronic eczema and
psoriasis was epidermal thickness which was significantly
thicker in psoriasis. This is consistent with histological
findings in which psoriasis has markedly more epidermal
hyperproliferation than atopic dermatitis.*

An increase in skin pH has been reported in both eczema and
psoriasis lesions.***> We found that psoriatic skin is more
alkaline than chronic eczema. High pH is frequently associated
with high transepidermal water loss which itself is associated

with low hydration.*® The higher skin pH in psoriatic lesions
in comparison to chronic eczema lesions could be attributed
to less stratum corneum hydration in psoriatic lesions because
of more epidermal hyperproliferation.*?

The other branch of decision tree distinguishes lichen planus
from other diseases by the amount of melanin increase.
We observed that more than 60% increase in skin melanin
content is in favor of lichen planus. Post-inflammatory
hyperpigmentation due to damage to basal layer cells is a
characteristic clinical feature of lichen planus, and melanin
increase is a diagnostic feature for lichen planus.*’

The next distinguishing characteristic in the decision tree
is RO (reciprocal of firmness), and a decrease of more than
50.2% was in favor of the diagnosis of chronic eczema.
This finding is justifiable as superficial firmness of the skin
mainly correlates with the stratum corneum hydration®® and
this decreases significantly in dermatitis lesions.* Moreover,
fibrosis of the papillary dermis was reported to be one of
the best features of chronic dermatitis using an ensemble
of classifiers for the diagnosis of erythemato-squamous
diseases.”” This finding is in accordance with this branch
of the decision tree that shows more skin firmness to be in
favor of chronic eczema given that fibrosis increases skin
firmness.

In the last branch of the decision tree, the amount of increase
in skin erythema was decisive to differentiate parapsoriasis/
mycosis fungoides from pityriasis rosea. Clinically, the lesions
of pityriasis rosea tend to be more erythematous, while the
erythema in parapsoriasis/mycosis fungoides is faint. Red blood
cell extravasation is a histological feature of pityriasis rosea.*!

Based on the results of the confusion matrix, the most possible
difficulty was found when trying to differentiate between
pityriasis rosea and parapsoriasis/mycosis fungoides as many
of the histological features also overlap.®

In our decision tree model, there was no confusion between
chronic eczema and pityriasis rosea, psoriasis and pityriasis
rosea, lichen planus and pityriasis rosea, psoriasis and lichen
planus. Non-invasive measurement of skin properties may be
particularly useful in the differentiation of these diseases.
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Figure 2: The flowcharts of decision tree models for pairwise differentiation of inflammatory skin diseases based on skin biophysical properties




Among the decision tree models for differentiation of each
pair of diseases, some had more than 95% accuracy. The
amount of stratum corneum hydration decrease was useful
to differentiate psoriasis and lichen planus with more than a
75% decrease favoring psoriasis. The relationship between
the decrease in stratum corneum hydration and psoriasis has
been shown previously.?!' Since the epidermal layer acts as a
barrier to keep skin homeostasis, impairment of its function
leads to loss of skin hydration.*

In addition to stratum corneum hydration, the amount of
dermal thickness increase was useful to differentiate psoriasis
and pityriasis rosea. If the dermal thickness increase was
more than 34.5%, the diagnosis of psoriasis was proposed.
Thickening of the dermis is one of the main sonographic
features in psoriasis. This thickness is a result of an abnormal
concentration of pro-inflammatory cells and a hypoechoic
band in the upper dermis, which may represent edema and
vasodilatation within the papillary dermis.*

An increase of more than 48% in lesion stiffness could
differentiate psoriasis from parapsoriasis/mycosis fungoides.
Stiffness increase or dispensability decrease was proven in
psoriatic plaques previously and it was negatively correlated
with psoriasis severity index.*

Overall, this study showed that biophysical properties have
high accuracy in differentiating psoriasis from lichen planus,
pityriasis rosea and parapsoriasis/mycosis fungoides with
practical application.

The differentiation of papulosquamous diseases using voting
feature intervals based on clinical and histopathological
features of diseases such as erythema, scaling, itching,
melanin incontinence and fibrosis of the papillary dermis
has been shown previously.* Also, adaptive neuro-fuzzy
inference system or combined neural networks model have
been used for differential diagnosis of papulosquamous
diseases based on clinical and histopathological features.’”#
But the difficulty is that a disease may show overlapping
histopathological features with another disease, especially at
the early stages.*

The present study is one of the few studies to assess biophysical
parameters for the differentiation of papulosquamous
diseases.

However, this study has some limitations. First, we used
several parameters to create decision trees, but only some
of them were useful and applicable in the algorithm. Future
studies can be performed based on only the applicable
parameters derived from this study. Low number of cases
is another limitation. Further validation studies on a larger
number of patients in situations where the diagnosis is unclear
are needed to confirm the accuracy of these decision trees and
their applicability to the method in real-life scenarios.
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Using a neural network model of skin, biophysical properties
have relatively acceptable predication accuracy (67%) for the
diagnosis of papulosquamous diseases. The skin biophysical
and ultrasonographic properties can serve as practical and
useful references in the diagnosis of papulosquamous diseases
to minimize unnecessary procedures and improve care quality.

With the increasing use of new technologies such as
skin biometrology and ultrasonography, our decision
tree flowcharts may help dermatologists to differentiate
papulosquamous diseases in a non-invasive and real-time
approach.
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