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Abstract
Medical research is increasingly focusing on artificial intelligence (Al). The field of dermatology is using this

contemporary instrument more and more often. In the practice of healthcare, this will undoubtedly influence and
contribute to the future for both patients and providers. It's critical to comprehend how this technology will develop.
The application of Al to dermatology is a relatively new development. Because skin diseases involve a wealth of

clinical data and images, dermatologists must comprehend Al concepts. This might be the big thing when it comes
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to using Al in medicine. Studies on skin conditions like onychomycosis, psoriasis, atopic dermatitis, and skin
cancer have already been conducted using artificial intelligence. An outline of Al and recent advancements in
dermatology is given in this paper. It is crucial to look into both its potential for the future and its current uses.
Professionals' attitudes regarding artificial intelligence should be examined because it is recognized as a crucial
objective that must be met.

Keywords: Artificial intelligence, Deep Learning, Dermatology, skin disease, melanoma.

1- Introduction

Research on artificial intelligence (Al) is currently conducted at a generally high level across the globe. The
medical applications that arise from this are extremely intriguing. The last ten years have seen a sharp increase in
the use of Al in this significant field. Research into its possible application in dermatology is progressing, and many
papers are currently in writing [1]. We are testing a number of different diagnostic algorithms. Waiting periods of
several months and a scarcity of dermatologists have resulted from this. One perspective on enhancing access to
healthcare through technological advancements is [2]. As a result of this technological advancement, it is possible
to highlight here the most recent developments that define Radio Mobile Communications (RCM) networks. RCM
networks are investors who have made good sized improvements possible. those developments promote better
health. Dermatological practices and numerous practical needs need to be directly and accurately attended to.
technique for figuring out and handling ailments. numerous prior fithess issues are resolved. We are able to
mention here the ways wherein the improvement of new technology and innovations has caused tremendous
adjustments in dermatological illnesses. Dermatologists can now diagnose illnesses greater accurately thanks to
laptop algorithms, mainly with regards to illnesses like malignant melanoma. [3]. In the subset of artificial
intelligence (Al) known as system getting to know, pc programs are taught to study robotically from revel in without
the want for specific programming instructions. Dermatology has led the way in integrating artificial intelligence (Al)
within the scientific domain because of its sizeable image database for medical, dermoscopic, and
dermatopathological packages. consequently, the design and interpretation of medical research in this discipline
will require a simple information of Al (true). it is vital to think about Al's viable application in dermatology exercise
as a result. hence, our intention in this evaluation is to present a basic understanding of dermatology and how it is
going to be used inside the near destiny. it is beneficial to describe the brand new technologies referred to as
artificial intelligence and deep getting to know before shifting in addition. while we present the strategies and what
benefits symbolize these innovative analysis strategies and technological tools, it is crucial to draw attention to the
differences among classical and cutting—edge analysis techniques.

2- Atrtificial intelligence and deep learning
A subfield of computer science called synthetic intelligence (Al) ambitions to duplicate human intelligence via pc
applications [5]. in the intervening time, gadget learning, a department of artificial intelligence, looks for patterns in
facts to teach computers to solve troubles on their own. numerous techniques, such as neural networks, are hired
to perform this purpose. There is a possibility for this form of learning to be self-directed with some guidance or
completely guided [2,6]. At present the most commonly employed method in machine learning is neural networks
particularly in the shape of convolutional and deep learning networks. Adaptable mathematical frameworks known
as neural networks utilize diverse algorithms such as input hidden and output layers to reveal intricate relationships

within extensive datasets. [7].
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The initial layer transfers information into concealed multi-layered computational procedures which manipulate and
reveal the data before revealing it in the resulting layer. Within a fundamental artificial neural network there exists
one or multiple node layers between the input and output layers. However with advancements in computing
capabilities the number of hidden layers can expand indefinitely heightening the device's acuity and precision.
Deep learning involves predicting outcomes using numerous covert layers that are proficient in recognizing specific
details within the database. [5]. Deep studying extracts and analyzes facts the use of this multi-layered cascade of
nonlinear processing units. Deep mastering has aided within the exploration of the effects of effective graphics
processing, elevated use of digital images, and deep studying. (8).

Convolutional neural networks (CNNs) are a subset of neural networks that utilize an iterative process of
passing inputs through multiple hidden layers for image analysis. By breaking down an image into individual pixels
each node or 'neuron' is assigned unique characteristics such as color size and shape. Eventually the output is
produced [9]. A prime example of a convolutional neural network is the region—based convolutional neural network
(R-CNN) which specializes in identifying specific objects within an image. In the field of dermatology R-CNNs
have proven capable of accurately determining the location of cutaneous lesions through various algorithms [10].
Given their ability to independently extract complex features and make predictions without human intervention
CNNs may be deemed a valuable asset in the realm of dermatopathology.

3- Atrtificial intelligence in dermatopathology

In the field of dermatopathology the concept of artificial intelligence has been around since 1987. This was first
introduced through a computer program named TEGUMENT which operated through text-based commands. The
main objective of this program was to detect and identify 986 histopathological diagnoses from light microscopic
images. It exhibited a 91.8% accuracy rate when compared to a certified dermatopathologist. A small percentage
of cases (4% and 3% respectively) showed conflicting and indeterminate diagnoses [11]. Nevertheless
incorporating computer—assisted human diagnosis as a standard practice required reorganizing the traditional
medical data used by the system rather than relying solely on machine analysis. Initially capturing entire slide
images was not technologically feasible making the idea of independent image analysis by machines seem
unattainable. However recent advancements have made it possible to achieve reliable classification of routine

diagnoses with the aid of machines [12].

4- Artificial intelligence in diagnostic dermatopathology

Deep learning algorithms were created in one study model to identify nodular basal cell carcinomas, seborrheic
keratoses, and dermal nevus on entire slides [8]. The data was examined after the images' pixels were divided up.
Deep learning algorithms were 100 percent accurate for seborrheic keratosis, 99 point five percent accurate for
nodular basal cell carcinoma, and 99 point three percent accurate for dermal nevus when compared to the
diagnostic accuracy of light microscopy performed by a pathologist. lanni along with others. created a deep
learning algorithm for pathology that categorized whole slide hematoxylin and eosin-stained images into four
diagnostic classes: melanocytic, squamoid, basaloid, and others [13].

This system incorporates three distinct convolutional neuronal networks that operate in a sequential manner to
determine the most probable diagnosis. Prior to the final network processing and diagnosing the image based on
histological traits the initial convolutional networks assist with image adjustment and then identify the specific region

of interest. However the scope of this system is restricted to categorizing the images into four groups. Surprisingly
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even in scenarios where artifacts are present the system is still able to accurately diagnose routine images despite
their varied pathological indicators or inadequate staining. The primary challenge lies in the availability of adequate
digital computing resources. Nevertheless the use of smartphones can circumvent this obstacle showcasing the
potential of implementing artificial intelligence in resource-limited areas with high incidence or prevalence of skin
cancer [14].
5- Current Status of Al Application in Dermatology

Inside the last ten or so years, Al has been gradually gaining traction in a number of dermatological fields, which
include psoriasis, eczema, cancer, onychomycosis, and pores and skin cancer. on the way to advantage extra

know-how, we will speak applications that address this situation.
5-1 Application of Al in skin cancer

Scholars have examined the capability of synthetic intelligence (Al) to enhance or supplement current screening
protocols for non-melanoma skin most cancers (NMSC) and cancer skin most cancers (MSC). Nasr-Esfahani
together with others. were the primary to train a neural network for cancer detection; their counseled technique had
a sensitivity of zero.81 and a specificity of 0.80, correspondingly. [15] A have a look at on deep getting to know of
pores and skin tumors turned into posted with the aid of Stanford college in 2017. They supplied the stop-to—end
training of a single convolutional neural community on images, utilizing just pixels and disorder labels as inputs, for
the purpose of classifying skin lesions. A convolutional neural network turned into trained using a dataset
comprising 129,450 medical pix pertaining to two,()32 awesome sicknesses.

using biopsy-verified scientific pics with two important binary classifications of instances—malignant melanomas as
opposed to benign nevi and keratinocyte carcinomas as opposed to benign seborrheic keratoses—they tested its
efficacy towards 21 board-licensed dermatologists. in the first case, the maximum standard cancers were
diagnosed; within the 2nd, the maximum lethal pores and skin most cancers became identified. In phrases of
detecting and categorizing pores and skin cancer, the device changed into located to be equally talented to
dermatologists with board certification. [3] This was a novel utility of synthetic intelligence in dermatology. but,
because their studies left out demographic statistics, its external validity is controversial. every other take a look at
limitation become that, even as it was thought that the use of deep mastering era to categorise skin cancer may
want to potentially boom the sensitivity and specificity of skin most cancers screening, it changed into well known
that a totally large variety of instances would be needed to train the device with education snap shots.

Fujisawa et al. [16] lately (2019) released a paper detailing their investigation into the viability of using deep
learning era to create an powerful skin most cancers class device from a relatively small dataset of medical
pictures. the usage of a dataset of 4867 scientific photos from 1842 sufferers at Tsukuba university clinic who
were recognized with pores and skin tumors between 2003 and 2016, they trained a deep convolutional neural
community (DCNN).

Fourteen conditions were identified through the images encompassing both harmless and harmful cases. Nine
apprentices specializing in skin disorders and thirteen certified dermatologists assessed his performance. The
trained deep convolutional neural network (DCNN)'s overall accuracy in categorizing was 76.5%. The DCNN
achieved a high sensitivity of 96.3% and an equally impressive specificity of 89.5%. However the accuracy of the
dermatology trainees in classifying cases as either benign or malignant (74.4% + 6.8% and 85.3% + 3.7% P <

0.01) was significantly lower than that of the certified dermatologists. In comparison the DCNN scored an

191



impressive 92 points 4% + 2 points 1% (P < 0.001). [16] In the previous year Han and his team investigated the
use of a deep learning algorithm to categorize 12 distinct skin conditions including cancer through clinical images.
The average sensitivity and specificity for all conditions when evaluated on the validation image set were 85.1%
and 81.3% respectively with an area under the receiver operating characteristic curve (AUROC) of 0.89. [17].

It was discovered that the tested algorithm's performance was on par with 16 dermatologists. But as Navarrete -
Dechent et al. point out, this program's external validity is still somewhat restricted. A different patient population
was used to test the program externally, and the results showed much lower sensitivity—only 29 out of 100 lesions
had the correct histopathological diagnosis. [18] Brinker et al. conducted a recent study in 2019. showed for the
first time that board—-certified and junior dermatologists were significantly inferior to automated dermoscopic
melanoma image classification (P < 0.001). Dermatologists from nine German university hospitals were randomly
assigned to review 804 more biopsy—proven dermoscopic images of melanomas and nevi (1:1) for the experiment.
They evaluated each image's quality and recommended a course of treatment (19,296 recommendations in total).
The primary goal changed into to examine the CNN take a look at run outcomes in phrases of sensitivity,
specificity, and overall correctness the use of three McNemar exams. The dermatologists' lesion class had a 67.2
percent sensitivity and a 62.2 percentage specificity (95 percent self-assurance interval [Cl]: 62.6 percentage—
71.7 percentage) and 66.9 percentage sensitivity and specificity, respectively. as compared to the untrained CNN,
the skilled model validated a greater sensitivity of 82.3% (ninety five percentage confidence ¢ language: 78.3%—
85.7%) and a better specificity of 77.9% (ninety five percentage self-assurance c language: 73.8%-81.8%). In 2
x 2 tables, all three McNemar checks acquired a significance level of P < (0.001. For each subgroups, this level of
significance held genuine. [19] They produced findings that had been similar in in advance 2019 research. [20,21].
additionally, Brinker et al. furthermore, [19] promoted the creation of a melanoma class benchmark based totally on
their findings to be used in destiny analyses. according to their benchmark, dermatologists could stumble on
melanoma with an average sensitivity of 89.4% and a specificity of 64.4%. [22].

Smartphone apps for diagnosing melanoma have become more widely available and user—friendly in recent years.
If successful, they might offer a quick risk assessment of the possibility of cancer, encouraging the appropriate
individuals to visit a doctor for additional care and a more thorough evaluation of the lesion. However, if the user is
reassured that the risk of their lesion is low, there is a chance that they will miss melanomas and postpone
treatment. These applications' sensitivity and specificity varied from 7% to 73% and 37% to 94%, respectively.
They came to the conclusion that these apps, as they stand, might not detect melanomas and could even be
harmful because they could deceive users into thinking they are safe. [23].

In the area of dermatopathology artificial intelligence (Al) might also have potential in assisting with the detection
and prognosis of skin cancer. In a observe performed by Hekler and co-workers they analyzed a complete of 695
skin lesions along with 345 melanomas and 350 nevi which were evaluated through an skilled dermatopathologist
following modern—day pointers. thru the use of a convolutional neural community (CNN) 595 of the final images
were applied for education. The last 100 histopathological sections had been used to examine the CNN's results
with those of eleven different expert dermatopathologists. to assess the significance of the findings 3 mixed
McNemar exams have been performed with a predetermined threshold of P < zero.()5 examining the sensitivity
specificity and accuracy of the CNN's effects. Following 11 different test runs the CNN displayed an average
sensitivity specificity and accuracy of 76% 60% and 68% respectively. In comparison the average performance of

the 11 pathologists was 51.8% 66.5% and 59.2% respectively. This led to the conclusion that the CNN has the
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ability to classify melanoma histopathological images more effectively than the 11 histopathologists showing
potential for assisting in diagnosing human melanomas. [24] Despite being in its early stages the integration of
artificial intelligence into the interpretation of clinical dermoscopic and histopathological images for skin cancer
diagnosis appears to hold great promise.

5-2 Application of Al in melanoma diagnosis

Making the distinction among benign and malignant lesions is crucial for dermatopathologists because it affects the
therapeutic picks that follow. which will differentiate nevus from cancer, Hekler et al. 18 identified 695 melanocytic
neoplasms as both cancer or nevus. every degree of melanoma as well as every kind of nevi, along with
congenital, junctional, and compound nevi, had been represented. the use of this image database, a convolutional
neural network changed into educated on all scanned sections stained with hematoxylin and eosin. in this examine,
the accuracy of the histopathological prognosis of nevi and cancer became notably higher for convolutional neural
networks than for pathologists (P - zero.016).

In 19% of cases there was a difference of opinion between artificial intelligence and a skin specialist regarding
diagnosis. This disagreement was also observed in 18% of melanoma cases and 20% of nevi cases. This is
consistent with the 25-26% discordance among skin specialists that has been recorded.[25]. In simpler terms
deep learning programs when trained by proficient skin specialists have the ability to rectify misdiagnosis of Spitz
nevi [26].

The skills of these neural networks make bigger to estimating the chance of survival in early stages of melanoma
and predicting the recurrence charge of distant metastases. consistent with a study by way of Logu et al. they
have developed an artificial intelligence platform which can identify cutaneous melanomas in histopathological
images [28]. Their evaluation of the diagnostic sensitivity specificity and accuracy of convolutional neural networks
used 791 samples of healthy pores and skin and 1122 samples of pathological tissue. The results had been in
comparison to the expertise of skilled dermatopathologists and the deep gaining knowledge of system trained to
come across melanoma outperformed the human specialists with a 91.4 percent accuracy rate. moreover the
consequences showed an excellent common diagnostic accuracy of 96.5 percent with a sensitivity of 95.7 percent

and a specificity of 97 percent.

5-3 Application of Al in Atopic dermatitis

In 2017 Gustafson and his colleagues aimed to perceive patients with atopic dermatitis for the motive of
incorporating them into genome—extensive affiliation research. To reap this they evolved a system learning—based
totally algorithm for phenotyping which applied information from each come upon notes and coded facts saved in
the electronic health file (EHR). by using using these features in a lasso logistic regression their algorithm
exceeded preceding techniques with low sensitivity and accomplished a wonderful fine predictive cost and
sensitivity. those results display the capacity of utilizing system learning and herbal language processing for EHR-
based totally phenotyping. [29].

Guzman et al. created an artificial neural network (ANN) that uses data from images to identify atopic dermatitis by
comparing it to skin that is not affected. They discovered that models with several hidden node levels would be

more resilient to overfitting and more stable. However, because this model was created experimentally to identify
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the best Al processes, comparatively small sample sizes were employed. Al systems might take into account
contextual information in order to increase the accuracy of the research that is currently being done. [4.30].

5-4 Application of Al in Psoriasis

Al for psoriasis can assist with medical assessment, customized remedy protocol choice, and outcome forecasting.
Guo et al. supplied one of the maximum captivating and early uses of Al in treating psoriasis. whose psoriasis
became expected via an Al software. datasets, GSE14905 and GSE13355, were utilized by this device to gain
microarray—primarily based gene expression profiles. to be able to pick out 21 capabilities from 18 genes as ability
markers, this take a look at combined the understanding of three characteristic choice algorithms.

Simplest three capabilities from the two distinct genes, IGFL1 and C100rf99, are used in the very last psoriasis
classification version, which become built the usage of the novel incremental characteristic choice set of rules. The
version has validated to have extraordinarily dependable prediction accuracy, averaging ninety nine.eighty one
percent throughout three separate validation strategies. [31].

Moreover, Shrivastava et al. created nine distinct psoriasis chance evaluation systems (pRAS) by combining the
important thing blocks in diverse approaches. these nine pRAS structures make use of 3 function selection
strategies (Fisher Discriminant Ratio (FDR), principal component analysis (PCA), and Mutual information (Ml)) as
well as 3 classifiers (support Vector machine (SVM), decision Tree (DT), and Neural network (NN).

Using these 9 systems, the first experiments were carried out: (i) determining the optimal system aggregate based
on type accuracy and (ii) determining the reliability of the system. As a result, we calculate the reliability index,
aggregate feature impact and feature retention performance, similar to more traditional features such as accuracy,
sensitivity and specificity.

Making use of the cross—validation approach the fusion of SVM and FDR proved to be the simplest pRAS model
achieving a awesome ninety nine.84% accuracy when tested on a dataset of 670 psoriasis pictures applied in this
research. additionally the SVM-FDR machine's cross—validation approach verified an outstanding reliability of
99.ninety nine%. thru evaluation of routinely and manually segmented lesions with equivalent talent the pRAS
machine turned into confirmed. [32].

5-5 Application of Al in Onychomycosis

In a study conducted by Han et al. in 2018 it was found that deep learning proved to be more effective than the
majority of dermatologists when diagnosing onychomycosis. This success can be attributed to its training on a
dataset consisting of 49 567 images. The validation datasets showed a sensitivity and specificity range of 82.7%
to 96.7% with an AUROC of (.82 to 0.98 according to sources [33].

6— Attitude of dermatopathologists towards artificial intelligence
A examine carried out with the aid of Polesie and co-workers found out that dermatopathologists are hopeful
approximately the potential of Al of their area. After undertaking an nameless online survey the researchers located
out that there is a pressing call for for education on the use of Al in dermatopathology. extensively Al is properly —
appropriate for complicated responsibilities that are susceptible to mistakes including accurately figuring out the
expression of human epidermal growth issue receptor 2 through immunohistochemistry. The use of convolutional
neural networks in training has yielded similar sensitivity and specificity levels as experienced dermatologists and
dermatopathologists in distinguishing between melanomas and seborrheic keratoses both visually and under the
microscope. This highlights the vital role of artificial intelligence in diagnostic dermatopathology providing

pathologists with advanced tools to streamline their workflow. By analyzing slides more efficiently these Al systems
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alleviate some of the workload for pathologists and enhance their accuracy in detecting both benign and malignant
skin lesions ultimately improving diagnostic precision and reducing errors.

7- Limitations
While artificial intelligence holds ability inside the realm of dermatopathology its usage for the clinicopathological
prognosis of various pores and skin conditions remains restrained by way of a restrictive categorization system.
[35] This hinders the effectiveness of Al in precisely figuring out various dermatoses. even as dermatopathologists
own understanding in spotting and ruling out a huge spectrum of differential diagnoses a majority of convolutional
neural networks are currently best able to figuring out if an photograph is indicative or no longer of a selected
disease.
Furthermore pathologists experience a great deal of diversity in their observations making it difficult for artificial
intelligence to be effectively trained. Additionally limited image sharing among various sources and a deficient
photo database hinder the capabilities of Al. The enhancement of eco—friendly algorithms to enhance workflow
efficiency in Al requires collaboration across disciplines and a significant technical aspect. Since patients can
present with a variety of pathological features and clinical manifestations, diagnosis can be difficult because
artificial intelligence is currently only capable of detecting a relatively small number of specific conditions. Atrtificial
intelligence in dermatology has been trained to recognize only one type of dermatosis or a subset of specific
dermatoses. However, patients may occasionally present with multiple dermatoses as well as unusual
manifestations of a typical dermatosis that the Al is not yet trained to recognize. Therefore, in order for artificial
intelligence to fully analyze the data and thereby play a bigger role in disease diagnosis, decision—making, and
prognosis, imaging data and patient information must be integrated. It is imperative that numerous legal, ethical,
and data protection concerns be adequately addressed in order to preserve the anonymity of the slides. In the end,
artificial intelligence cannot guarantee comprehensive patient care and cannot take the place of doctor—patient
communication.

8- The Future of Dermatology with Al: Opportunities and Challenges
Numerous international locations have installed strategic plans for the advancement of artificial intelligence. The
country wide approach Plan for Al research and improvement became launched through the USA. the United
Kingdom released a booklet titled 'growing the Al industry in the united kingdom.'. "'The Age of Al: towards a
european strategy for Human-Centric Machines" was launched via the EU. [36] nevertheless, there are issues with
Al in dermatology that have to also be resolved.
At the moment there is a dearth of image data pertaining to a wide range of skin ailments and these are not
adequately shared among different sources. Furthermore the quality of skin images varies significantly. In light of
this it is imperative to adopt an interdisciplinary approach that encompasses computer science biomedicine and
medical sciences due to the diverse backgrounds of researchers in the fields of medicine and artificial intelligence.
Despite the multitude of dermatological conditions the capacity of dermatological Al to detect certain skin diseases
remains limited. The successful recognition and classification of a wide spectrum of dermal afflictions with varying
clinical manifestations will pose significant challenges for Al. It is essential to establish clear guidelines regarding
the legal ethical and data privacy implications of utilizing Al for diagnostics. Distinguishing and classifying skin
diseases require careful consideration of several factors such as age gender and medical history of the patient
along with visible symptoms. Therefore it is crucial to incorporate this crucial information into future clinical data

integration processes.
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Al for dermatology is about to enter an exciting new era, especially for the diagnosis of melanoma. Important next
steps will be to think carefully about how to use these automated systems in practice, how to better understand
them, and how to widely implement them in various clinical settings. In the hands of doctors, prospective studies
would yield fascinating details about how we can use and interpret these cutting—edge tools most effectively to
better serve our patients.

Conclusion

Dermatology has seen a rapid establishment of synthetic intelligence. patient care can be revolutionized via it. that
is specifically beneficial for enhancing the sensitivity and precision of pores and skin lesion screening, which
includes cancer screening. however, scientific and photographic data from all skin kinds are wished for Al
research, and better international collaboration in pores and skin imaging is wanted to generate the records wanted
for complicated studies. Al is proficient in dermatopathology's basic binary category, which includes the prognosis
of cancer. however, it's far extra challenging to diagnose non-cancer pores and skin cancers with complicated
classifications and tremendous similarities and variations between training. artificial intelligence has the potential to
diagnose skin most cancers and different dermatoses more appropriately than dermatologists and pathologists,
thanks to advancements in studies, expanding information sets, and a multidisciplinary approach. In end, medical
specialists shouldn't view artificial intelligence (Al) as a likely danger to their knowledge due to the fact, inside the
destiny, it is able to without a doubt decorate scientific exercise. Dermatologists in practice will be able to offer
better skin care in the event that they comprehend Al concepts.
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