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Abst rac t
Introduction: Artificial intelligence (AI) could offer equal, or even more accurate, diagnoses of melanoma than most 
dermatologists. However, the value of popular smartphone applications for diagnosing unpigmented skin lesions 
remains unclear.
Aim: To compare the diagnostic accuracy of a popular, free-to-use web application for automatic dermatosis diag-
nosis against expert diagnosis of selected skin diseases.
Material and methods: Skin lesion images of patients with verified diagnosis were collected using a smartphone 
and were diagnosed by the application. The AI provided five diagnoses of varying probability. For each patient, 
accuracy of the diagnosis was evaluated by three criteria, i.e. whether the expert diagnosis was matched by the 
most probable automated diagnosis, one of the top three diagnoses or one of the top five diagnoses. Reliability 
was analysed using intraclass correlation coefficients.
Results: The chance of a correct diagnosis increased when more outcomes were considered and more samples of 
a skin condition were included. However, the probability of a diagnosis repeating for the same patient was below 
25%. Reliability, sensitivity and specificity were insufficient for clinical purposes.
Conclusions: Although AI diagnostics are encouraging, there is also a large margin for improvement, and AI is not 
yet an adequate replacement for medical professionals.

Key words: artificial intelligence, smartphone application, web application, skin diseases diagnosis, psoriasis, new 
technology.

Introduction

Learning the correct diagnosis of numerous skin dis-
eases takes years of medical training. Even then, diag-
nostics are often a difficult, time-consuming procedure. 
In many fields, including dermatology, the demand for 
experts, especially in rural and remote areas, far exceeds 
the available supply. However, diagnostics have recently 
become cheaper and more accessible thanks to huge 
advances in machine learning, particularly deep learning 
algorithms, which have shown great progress in auto-
matically diagnosing diseases [1].

Dermatology is a visual specialty and clinical imag-
ing is now considered to be an essential part of docu-
mentation and follow up. Nowadays there are more than 
800 mobile dermatology applications in use by patients, 

medical students and physicians [2]. Unfortunately, their 
validity and reliability is not generally established and 
patients are not usually able to critically evaluate their 
medical worth. 

It has been proposed that some artificial intelligence 
(AI) algorithms could be equal or even better at diagnos-
ing skin cancers, mainly melanoma, than qualified der-
matologists [1]. However, no comprehensive evaluation 
of the ability of popular smartphone applications to diag-
nose unpigmented skin lesions has yet been performed. 

Aim

The aim of this study is to compare the diagnostic 
accuracy of a popular, free-to-use web application for 
diagnosing dermatoses, with that of verified, expert di-
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agnosis of selected skin diseases. The name of the web 
application is known to the editors and not mentioned 
in the article on purpose as the aim is not to fully assess 
a given product. 

Material and methods

The study group consisted of 217 patients aged 18 or 
above (110 men and 107 women), all of whom had been 
treated at the Department of Dermatology and Venereol-
ogy, Medical University of Lodz, in 2018–2019. All were 
volunteers and their disease was confirmed by at least 
two certified dermatologists as well as by histopathologi-
cal examination. One hundred patients from the study 
group suffered from psoriasis. The protocol of the study 
was approved by the Bioethics Committee of the Medical 
University (RNN/186/17/KE). Written informed consent to 
take part was obtained from all subjects. 

Study protocol

The study was performed in two stages: good quality 
smartphone images of selected well-documented skin 
diseases were collected in the first stage, and then were 
classified by a free-to-use web application in the second 
stage. Each patient was asked to present their full body. 
An exhaustive clinical evaluation was conducted, and 
three distinct regions of each skin lesion were selected 
for further evaluation. The described web application 
uses two images to identify a particular anomaly: a full 
view of the lesion and a close-up image. Therefore, six 
images were taken for each patient, i.e. three pairs of 
pictures. In the present study, each pair of images are 
classified as a single sample. Patient anonymity was 
maintained throughout the image acquisition process. 
Formal consent was collected from each patient before 
data were gathered. 

In line with the guidelines provided by the web ap-
plication developers, a 5 Mpixel smartphone camera was 
used, natural lighting was provided, and camera focusing 
was maintained. Before uploading into the application, 
the images were checked and irrelevant artefacts, such 
as jewellery or tattoos, were removed. 

When a sample was submitted to the web applica-
tion, the user was provided with five diagnostic out-
comes, with the certainty of each diagnosis specified 
as a percentage. For example, the outcome could be 
presented as follows: psoriasis 36%; eczema 23%; acne 
vulgaris 11%; unspecified dermatitis 11%; urticaria 3%. 
These output data were saved, coded, and collected.

It was found that some diseases were not recognized 
by the web application; therefore changes to the dataset 
had to be made. Although it is stated that the algorithm 
can classify 33 skin conditions, no such list of conditions 
is available. Only 27 possible conditions could be identi-
fied in our group of patients by the application. Therefore, 

a new database was formed by removing patients with 
skin conditions that were non-classifiable by the applica-
tion and more data of patients with classifiable conditions 
were collected. The final study group consisted of a total 
of 150 patients (900 images), among which 100 patients 
(600 images) were diagnosed with psoriasis. 

Data analysis

For each patient the automated diagnosis was evalu-
ated based on three options: whether the verified diag-
nosis was matched by the most probable outcome from 
the web application, whether it was matched by one of 
the three most probable outcomes from the application, 
or whether it was matched by one of the five most prob-
able outcomes.

A two-way model of intraclass correlation coefficients 
(ICCs) with 95% confidence intervals (95% CI) was used 
as a measure of precision or relative reliability (following 
the definition of the International Vocabulary of Metrol-
ogy (2008): “closeness of agreement between indications 
or measured quantity values obtained by replicate mea-
surements on the same or similar objects under specified 
conditions”) [3, 4]. The results of the ICCs were analysed 
according to two interpretations: the first suggests re-
sults from 0.00 to 0.39 as a poor correlation, 0.40 to 0.59 
as a fair correlation, 0.60 to 0.75 as a good correlation 
and 0.75 to 1.00 as an excellent correlation [5], while the 
second, more clinically-oriented criterion suggests values 
below 0.75 to be a poor to moderate correlation, 0.75 to 
0.87 as a good correlation and values above 0.87 as clini-
cal measures [6].

As a number of patients were diagnosed with pso-
riasis, this merited particular attention in the analysis. 
It was assumed that positive (P) denotes the number of 
verified psoriasis cases, and negative (N) denotes the 
number of cases of any other disease as given by a hu-
man expert. True positive (TP) denotes the number of 
cases correctly identified as psoriasis by the application, 
i.e. matching the human diagnosis, while true negative 
(TN) denotes the number of cases correctly classified as 
non-psoriasis. False negative (FN) denotes the number 
of incorrect negative diagnoses by the application, and 
false positive (FP) denotes the number of incorrect posi-
tive diagnoses.

Sensitivity and specificity for psoriasis diagnosis 
were analysed. Each sample, i.e. pair of images, was 
considered independently to simulate authentic patient 
interaction with the application, assuming no repeated 
tests. In this case, sensitivity was calculated as the ratio 
of correct diagnoses of psoriasis by the application to the 
total number of psoriasis diagnoses by medical experts, 
or TP/(TP + FN) = TP/P. The specificity is the ratio of cor-
rect diagnoses of non-psoriasis by the application to the 
total number of diagnoses of non-psoriasis by medical 
experts, or TN/(TN + FP) = TN/N. 
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Statistical analysis

The described calculations were performed using Sta-
tistica ver. 13 (Dell Inc., Round Rock, TX) and Microsoft 
Excel 2013 (Microsoft Corp., Redmond, WA). P-value = 
0.05 was considered as the threshold of statistical sig-
nificance.

Results

For the first variant, i.e. the first option given by the 
application matching the verified diagnosis, a correct di-
agnosis was achieved for 5.26% of all patients and for 
4.44% of those with psoriasis. The percentage of correct 
diagnoses rose with each additional sample provided 
for a given patient, increasing to 10.33% for all patients, 
and 8.67% for those with psoriasis for two samples, to 
20.67% for all patients and 26.00% for those with pso-
riasis when three samples were used (Table 1). 

The percentage of correct diagnoses was also evalu-
ated in the second variant, i.e. one of the top three most 
probable diagnoses generated by the web application 
matched the verified diagnosis. A correct diagnosis was 
obtained for 12.89% of all patients and for 9.41% of pso-
riatic patients when one sample was provided, 25.78% 
and 18.78% for two samples, and 51.56% and 56.33% for 
three samples (Table 1). 

Regarding the third variant, where one of any five op-
tions matched the human diagnosis, the percentage of 
correct diagnoses also rose with each additional sample. 
For all patients, the percentage rose from 19.26% through 
38.89% up to 77.78% as further samples were provided, 
while for psoriatic patients, the percentage rose from 
13.85% through 28.22% up to 84.67% (Table 1).

The acquired results were also analysed in a cumula-
tive approach, with regard to the number of times they 
repeated during successive attempts using different 
samples (i.e. pairs of images) for each patient. 

The application provided the correct diagnosis as 
most probable in two out of three attempts for 9.33% of 
all patients and for 10.00% of psoriatic patients. Identi-
cal, correct diagnosis was presented three times in three 
tests for 3.33% of all patients and 5.00% of psoriatic pa-
tients (Table 2).

The correct diagnosis was given in the top three pos-
sible options for 20.67% of all patients and 25.00% of 
psoriatic patients when considering two out of three at-
tempts. These values fell to 16.67% of all patients and 
17.00% of psoriatic patients when all three attempts 
were considered (Table 2).

Finally, when all five possible options are analysed, 
20.67% of all patients and 23.00% of psoriatic patients 
were presented with two correct diagnoses out of three 
tests. These values increased to 36.67% of all patients 
and 40.00% of psoriatic patients when the correct diag-
nosis was observed three times in three tests (Table 2).

It is worth noting that all the triple correct diagno-
ses were for patients with psoriasis. This may be due to 
over-representation of psoriatic patients in the dataset 
as psoriasis represented 66% of all records.

For all patients, the mean certainty of diagnosis (per-
centage provided by the application for each diagnosis 
option) was 14.5%. The mean certainty of the most cer-
tain diagnosis was 29.0%. Mean certainties of diagnosis 
for all patients and for psoriatic patients differed negli-
gibly (0.1%).

Table 1. Percentage of patients with the correct diagnosis after one, two and three attempts. The correct diagnosis was 
evaluated in three variants: as the top diagnosis, among the top three and among the five possible conditions provided 
by the web application

Number 
of 
samples

The most certain diagnosis (%) One out of three most certain 
diagnoses (%)

One out of all five diagnoses (%)

All diseases  
(150 patients)

Psoriasis  
(100 patients)

All diseases  
(150 patients)

Psoriasis  
(100 patients)

All diseases  
(150 patients)

Psoriasis  
(100 patients)

1 5.26 4.44 12.89 9.41 19.26 13.85

2 10.33 8.67 25.78 18.78 38.89 28.22

3 20.67 26.00 51.56 56.33 77.78 84.67

Table 2. Percentage of patients with appearance of the same, correct diagnosis in all three samples

Number of 
appearances 
of the same, 
correct diagnosis

True diagnosis as the most 
probable outcome (%)

True diagnosis included in three 
most probable outcomes (%)

True diagnosis included in five most 
probable outcomes (%)

All diseases  
(150 patients)

Psoriasis  
(100 patients)

All diseases  
(150 patients)

Psoriasis  
(100 patients)

All diseases  
(150 patients)

Psoriasis  
(100 patients)

Two out of three 9.33 10.00 20.67 25.00 20.67 23.00

Three out of three 
(all attempts)

3.33 5.00 16.67 17.00 36.67 40.00
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Certainty of diagnosis equal to or above 50% was 
only present in 2.7% of all diseases and it was not re-
peated across more than one attempt. For psoriasis, this 
value was 3.0% and also did not repeat. Regarding incor-
rect diagnoses, a certainty equal to or above 50% was 
observed for 10.7% of the whole dataset and 11.0% of 
psoriasis cases. No correct or incorrect diagnoses with 
a certainty of 50% or more were proposed two or three 
times for the same patient by the application (Table 3).

In an attempt to provide a patient-oriented analysis, 
a weighted average of correct diagnosis was calculated, 
attributing greater weight to correct diagnoses repeating 
across the three samples, thus providing an estimate of 
the likelihood of a correct diagnosis when using the web 
application in a non-scientific approach. The weighted av-
erage value of the correct classification was found to be 
19.28% for all diseases and 20.78% for psoriasis. Howev-
er, when taking only the highest certainty diagnosis into 
account, these values fell to below 5% for all patients 
and to 6.67% for psoriatic patients. The chance of correct 
diagnosis within the first three outcomes is 12.91% for all 
patients and 14.11% for patients with psoriasis. 

The most common incorrect diagnoses were unspeci-
fied dermatitis (n = 420, 195 times as top diagnosis), fol-
liculitis (n = 154, 40 times as top diagnosis) and acne 
vulgaris (n = 79, 20 times as top diagnosis).

Regarding precision, single measures of the two-way 
model ICCs for three attempts were 0.298 (95% CI: 0.196–
0.404) for all patients and 0.487 (95% CI: 0.391–0.579) for 
psoriatic patients, assuming only the most probable diag-
nosis by the application, 0.361 (95% CI: 0.259–0.463) and 
0.383 (95% CI: 0.282–0.484) if any of the first three are ana-
lysed, and 0.413 (95% CI: 0.313–0.511) and 0.398 (95% CI: 
0.298–0.498) when all five options are considered.

To verify the results from a clinical perspective for pso-
riasis diagnosis, a contingency table for medical tests was 
constructed based on the most certain diagnosis (Table 4).  
Out of all first (i.e. most likely) diagnoses provided by 

the web application for the data set of psoriatic patients,  
60 true positive results and 57 false positive results were 
present, indicating a positive predictive value of 51.28%. 
In contrast, 93 true negative results and 240 false nega-
tive results were obtained, indicating a negative predictive 
value of 27.93%. The application was also found to have 
a sensitivity of 20.00% and specificity of 62.00%.

Discussion

The diagnosis process combines an analysis of pa-
tient history and a physical examination. In dermatology, 
visual analysis of the skin is fundamental to this process, 
and a knowledge of different types of skin lesions, as 
well as their distribution and symmetry, is essential. 
Many helpful procedures, such as histopathological or 
immunofluorescence evaluation, dermoscopy and ultra-
sonography, are based on digital image analysis. 

Correct diagnosis of skin disorders is a time-consum-
ing process, preceded by years of medical training. Ma-
chine learning, predominantly deep learning algorithms, 
have made huge advances in automatic identification, 
making diagnostics cheaper and faster. In time, their di-
agnoses may even become more accurate than a general 
practitioner or even a specialist. 

The popularity of mobile applications is growing 
among dermatology providers and patients. With 6.3 bil-
lion smartphone subscriptions estimated to be in use by 
2021, the field of smartphone diagnosis looks very prom-
ising [7].

Nowadays, there is a wide and never-ending dispute 
regarding the value of smartphones and new technolo-
gies, and there is great pressure on physicians to remain 
up-to-date with new developments and take advantage 
of the opportunities and challenges that lie ahead.

Currently, a key area of technological innovation is 
being driven by the development of AI. AI, or machine 
intelligence, is in fact an algorithm that allows a system 

Table 3. Percentage of patients for whom a diagnosis was made with certainty equal to or above 50% throughout one, 
two and three attempts for all patients and for psoriatic patients

Number of 
attempts

Certainty of correct diagnosis ≥ 50 (%) Certainty of incorrect diagnosis ≥ 50 (%)

All diseases (150 patients) Psoriasis (100 patients) All diseases (150 patients) Psoriasis (100 patients)

1 2.7 3.0 10.7 11.0

2 0.0 0.0 0.0 0.0

3 0.0 0.0 0.0 0.0

Table 4. Contingency table of the web application diagnosis in psoriatic patients

Condition positive Condition negative

Test outcome positive True positive = 60 False positive = 57 Positive predictive value = 51.28%

Test outcome negative False negative = 240 True negative = 93 Negative predictive value = 27.93%

Sensitivity = 20.00% Specificity = 62.00%
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to make independent decisions based on data inputs, or 
one that helps users make decisions. AI simulates human 
intelligence processes [8, 9].

It remains uncertain whether smartphone diagnoses 
can be relied upon. The implementation of new technol-
ogy in medical practice is beset by challenges such as 
engaging sufficient processing power and datasets.

Current data suggest that AI algorithms might be 
equal or even better than human specialists at diagnos-
ing pigmented skin lesions and cancer. A joint research 
team at Stanford University used a single Convolutional 
Neural Network (CNN) trained on general skin lesion clas-
sification to develop an AI system that can diagnose skin 
cancer with similar reliability to human specialists [1]. On 
the other hand, there are no literature data concerning 
the usefulness of popular smartphone applications in di-
agnosing unpigmented skin conditions [10].

The present study tests a free web and smartphone 
application developed for easy diagnosis of various skin 
conditions. The application was chosen due to its popu-
larity and ease of use: the automatic diagnosis process 
consists of uploading an image from a smartphone or 
a computer. For the best results, the image must be in 
focus, in good lighting, and the region of interest must 
be centrally located. Although all our images were taken 
under such conditions, the results are not promising.

The percentage of correct diagnoses tended to in-
crease with each additional sample provided, at all di-
agnosis variants. After three attempts, correct diagnoses 
were present among the five results presented by the 
application for more than 75% of all diseases and almost 
85% for psoriatic patients. However, when analysing 
the data cumulatively, the number of correct diagnoses 
falls considerably. The percentage of patients receiving 
a correct diagnosis on all three samples is roughly 40% 
when assuming that the correct diagnosis is one of the 
five diagnoses provided by the application. This value is 
roughly half that of the non-cumulative percentages, in-
dicating that the chance of a correct diagnosis is much 
higher than outcome coherence. However, this statement 
holds true only when considering all five web application 
diagnoses, irrespective of their certainty.

The obtained results show that a hypothetical pa-
tient making one attempt using the web application to 
self-diagnose a skin lesion is very unlikely to receive the 
correct diagnosis as the most certain option: the prob-
ability of a correct diagnosis is only about 5%. If patients 
were to perform three attempts, the probability of a cor-
rect diagnosis is roughly 20%. Assuming that a person 
would be more likely to choose a diagnosis that appears 
multiple times throughout their tests, the likelihood of 
a result repeating once when analysing another place on 
their skin is roughly 9%. It is also three times less likely 
that the same diagnosis will appear on all three tests.

Taking into account the three most certain diagno-
ses, the probability of correct diagnosis in one attempt is 

two times larger than the probability for the first, most 
certain diagnosis. There is 50% chance to acquire a cor-
rect diagnosis among three tests. Results would repeat 
once for one in 5 patients and two times for about 16% 
of patients.

What is more, if the patient were to take all five di-
agnoses into account, the probability of correct diagno-
sis being present in the results is 20%. There is nearly 
80% likelihood of a correct diagnosis to be present when 
three attempts are made. Interestingly, in this scenario, 
the correct diagnosis would be seen in two out of three 
attempts for roughly 21% of patients and in all three at-
tempts for nearly 37% of patients.

Even though the last results look promising, the sce-
nario is the least likely to be followed by a patient, who 
does not have medical knowledge and cannot fully as-
sess the diagnoses. It is doubtful that anyone would like 
to perform three tests and then compare a maximum of 
fifteen diagnoses. However, in such a scenario, the cor-
rect diagnosis is at roughly 40% probability to be present.

Our clinical practice indicates that a patient is more 
likely to believe a diagnosis of certainty above 50%. Such 
certainty was present for roughly 11% of the incorrect di-
agnoses, and 3% of the correct diagnoses. Luckily, there 
were no triple incorrect diagnoses with more than 50% 
certainty. Such low certainties of diagnosis are much 
more beneficial when analysing the effect of automat-
ed self-diagnosis as a whole. A person without medical 
knowledge could be convinced that their skin condition 
is not dangerous when a highly certain, but false result 
occur.

Additionally, the applications’ most frequent sugges-
tion is an unspecified dermatitis. That is a vague out-
come as most dermatological diseases have an inflam-
matory background. However, it is also a safe diagnosis 
as it does not give any specific pathology and may be 
more of an incentive for the patient to visit a specialist.

Regarding the precision of the web application algo-
rithm, the relation between diagnosis probability and 
diagnosis repetition correspond to the precision values 
of the ICCs. The web application exhibits fair precision 
according to Cicchetti [5]; however, as the ICCs do not ex-
ceed 0.600, they are poor according to Portney and Wat-
kins [6]. Interestingly, precision rises when taking three 
diagnosis options into account, and by nearly 50% when 
all five options are considered. However, for psoriasis, the 
highest precision is exhibited when only the first, most 
certain diagnosis is analysed.

As patients are subjected to an overabundance of in-
formation and applications, it is likely that some of it is 
incorrect. There is a great need to educate patients and 
inexperienced doctors regarding accurate dermatology 
resources and evaluate their reliability.

However, future usage of such applications could be 
beneficial for a non-dermatologist medical professional. 
A 20% sensitivity for psoriasis skin lesions makes the ap-
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plication unsuitable for screening and positive predictive 
value of around 50% is nowhere near clinical acceptabil-
ity [11]. However, the specificity of 62% could be a sign 
that the algorithm, with some work, could be used to 
rule out psoriasis. Also, an informed guess from fifteen 
diagnoses after three tests and a 40% probability of two 
repetitions of diagnoses may be of value. Unfortunately, 
it is impossible though for the user to access a full list of 
possible diagnoses.

We strongly believe that as technology evolves, mo-
bile applications have the potential to progress as well. 
Some corrections or new ideas are needed to obtain 
more accurate outcomes, including a standardized sci-
entific approach to evaluating the validity and reliability 
of an application, as well as more and a better quality of 
input data. AI will not replace physicians, but might sup-
port their work in near future. Knowing these upcoming 
trends will help understand the impact of new applica-
tions on patients and health care providers. Although the 
potential of AI applications is huge, the services currently 
available to patients free of charge require criticism and 
cannot serve as sole diagnostic tools.
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