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Introduction

For centuries, machines have been essential for

human survival and improved daily life, particularly

in medicine. Historically, modern medicine relied on

subjective clinical skills, but technological advance-

ments have shifted it toward a more objective

approach. One notable innovation is artificial

intelligence (AI), often considered the stethoscope of

the 21st century.

Coined by John McCarthy in 1956, AI involves
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Abstract

In recent years, artificial intelligence (AI) has significantly

transformed healthcare, particularly in dermatology. AI

technologies have enhanced diagnostic accuracy, improved

patient management, and accelerated research in skin

disorders.

Advanced machine learning (ML) and computer vision

techniques provide tools for the early detection of skin

diseases, prognosis modelling, and personalised treatment

strategies.

Dermatology has historically embraced technological

innovations to optimise patient care. Key applications of

AI in dermatology include diagnosing skin diseases

through visual pattern recognition and expanding access

to care via teledermatology. AI-driven analytics facilitate

personalised treatment plans, marking a significant

advancement in patient care. However, challenges such as

data privacy, algorithmic bias, and the ethical implications

of AI decisions must be addressed. This essay explores

the future of dermatology in the AI landscape, highlighting

potential applications, benefits, challenges, and ethical

considerations.
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creating intelligent machines and sophisticated

software with applications in robotics, diagnostics,

and medical statistics1. AI’s evolution includes

machine learning (ML), where algorithms identify

patterns in data instead of relying solely on program-

ming. Deep learning, a subset of ML, uses Artificial

Neural Networks (ANNs) to train multiple layers for

specific feature recognition, with Convolutional

Neural Networks (CNNs) being particularly effective

for image processing. CNNs consist of convolutional,

pooling, and fully connected layers and focus on

extracting visual features.

They require substantial training data to identify and

generalise these features effectively.

AI in dermatological diagnosis

AI transforms dermatology, particularly in

diagnosing skin diseases through image analysis.

Traditional diagnostics rely on dermatologists'

expertise and histopathological examinations, while

AI, using deep learning algorithms like CNNs,

efficiently evaluate skin lesions.

A significant study by Esteva et al. (2017) showed

that a deep-learning algorithm achieved skin cancer

classification accuracy comparable to that of board-

certified dermatologists. The algorithm used a dataset

of nearly 130,000 clinical images to differentiate

between malignant and benign lesions2. It indicates

AI's potential to enhance dermatologists’ diagnostic

capabilities, promoting more accurate clinical

decisions. AI also improves the evaluation of

dermoscopic images, which is essential for examining

pigmented skin lesions. Research by Haenssle et al.

(2018) revealed that AI outperformed dermatologists,

especially those with less experience, in identifying

melanoma from dermoscopic images, suggesting AI

can be a valuable training tool in under-resourced

areas3.
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Treatment planning and personalised medicine

By enabling customised approaches, AI holds

significant potential in treatment planning and

personalised medicine for dermatological conditions.

By analysing patient data – such as medical history

and treatment outcomes – AI can recommend tailored

treatment plans.

For instance, AI predicts responses to biologic

therapies for psoriasis by identifying patterns from

clinical trials and real-world evidence, helping

dermatologists select effective therapies and improve

patient outcomes while minimising adverse effects.

Additionally, AI aids in managing chronic skin

conditions like atopic dermatitis and acne by

providing real-time insights into disease progression

through data from wearable devices and electronic

health records, allowing for proactive adjustments to

treatment plans.

Patient monitoring and telemedicine in dermatology

Integrating AI into telemedicine offers substantial

opportunities in dermatology. The urgency for remote

patient care has become increasingly evident during

the COVID-19 pandemic, accelerating the widespread

adoption of telemedicine technologies. AI enhances

this domain by facilitating accurate remote diagnos-
tics and monitoring dermatological conditions.

AI-driven mobile applications empower patients to

capture high-resolution images of their skin lesions,

which are then analysed in real-time using advanced

algorithms. This immediate analysis helps determine

if further clinical evaluation is required, enabling

quicker decision making regarding patient care. Such

applications are particularly crucial in rural and

underserved areas where access to specialised

dermatological expertise is often limited, and patients

may otherwise face long wait times or travel obstacles.

For instance, a study conducted by Wolf et al. (2020)

highlighted the effectiveness of AI in remote skin

cancer detection, revealing that sophisticated

algorithms can assess skin lesions with impressive

accuracy based on images submitted by patients6. This

approach not only enhances accessibility to

dermatological care but also alleviates the burden on

healthcare systems by streamlining the triage process.

AI algorithms prioritise cases according to their

urgency, ensuring that high-risk patients receive

prompt reviews from dermatologists, while less

urgent cases can be filtered out for later evaluation.

This optimisation alleviates the workload of dermato-

logists, who can better manage their time, and

accelerates care delivery for individuals needing

immediate medical attention. Beyond initial assess-

ments, AI further enhances remote patient care by

diagnosing and monitoring chronic dermatological

conditions, including psoriasis, eczema, and acne.

AI integrated applications enable patients to

systematically track their symptoms, environmental

triggers, and treatment responses, which can be

shared directly with dermatologists. This real-time

data exchange supports timely interventions, better-

informed treatment decisions, and improved disease

management strategies.

These AI-powered smartphone applications use deep

learning techniques to evaluate dermatological

features and guide users in determining when to seek

professional healthcare consultation. By analysing

skin characteristics and changes, the applications

provide essential insights that inform patients and

healthcare providers. While these AI applications

serve as valuable tools to augment traditional

dermatological practice, it is crucial to recognise that

they do not replace licensed dermatologists' expertise.

Instead, they act as complementary resources,

enhancing diagnostic accuracy and accessibility in

dermatology and improving patient outcomes.

Dermoscopy and histopathology

AI in dermoscopy and histopathology enhances

clinical diagnostics by providing advanced ana-

lytical capabilities. AI-powered tools improve the

assessment of pigmented lesions, accurately dis-

tinguishing between benign and malignant types.

They also enhance histopathological evaluations by

identifying cellular anomalies in tissue specimens,

thus increasing diagnostic accuracy and reducing

human error.

AI in dermatological research and epidemiology

Artificial Intelligence has significantly advanced

dermatological research by analysing large datasets

to identify disease patterns that traditional methods

often miss. Machine learning algorithms examine

extensive dermatological datasets, helping identify

risk factors for skin diseases. These insights are vital

for public health initiatives and targeted prevention

and early intervention strategies.

AI in genomic dermatology

AI-driven genomics research has unravelled genetic

predispositions to various skin conditions. AI models

analyse genomic data to identify mutations

associated with skin diseases, paving the way for

precision medicine in dermatology.
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Future prospectus of AI in dermatology

The future of artificial intelligence (AI) in dermatology

is promising, with ongoing technological ad-

vancements expected to enhance its applications

further. Integrating AI with robotics could lead to

automated dermatological procedures, such as

robotic-assisted skin biopsies and laser treatments,

improving precision and efficiency. Rather than

replacing dermatologists, AI will serve as a

supportive tool that aids in clinical decision-making.

It will allow specialists to focus more on patient

interactions and address more complex cases.

Additionally, wearable, AI-powered devices that

continuously monitor skin health parameters – such

as hydration levels and UV exposure – will likely

become mainstream, fostering proactive derma-

tological care.

AI in integrative dermatology

AI has the potential to enhance integrative derma-

tology by analysing holistic factors that impact skin

health, such as diet, environmental exposure, and

psychological well-being. This approach can lead to

more comprehensive patient care. Understanding

how an AI algorithm arrives at specific diagnoses or

treatment recommendations is crucial, as building

trust in AI and ensuring its appropriate use in clinical
practice are essential. For instance, explainable AI

(XAI) techniques can identify the specific features of

a skin lesion that contributed to a melanoma

diagnosis. XAI aims to make AI algorithms more

transparent and understandable.

It allows dermatologists to verify the algorithm's

reasoning, improving diagnostic accuracy. Addi-

tionally, it enhances the learning experience for

dermatologists, as they can gain insights into the

patterns and features that the AI recognises7.

AI-driven drug discovery

Traditional drug development is often time-

consuming and expensive. However, AI is set to

revolutionise drug discovery in dermatology by

speeding up the identification, development, and

optimisation of new therapeutics. By analysing large

datasets that include the molecular chemistry of

compounds, genetic information, and clinical trial

data, AI can identify potential molecular and cellular

targets for developing new drugs. It can also predict

their efficacy and safety in treating skin conditions.

This innovative approach has already demonstrated

success in other fields, such as oncology, and is likely

to impact dermatology significantly. For example, AI

can identify novel targets for biologic therapies in

psoriasis or repurpose existing drugs for new

dermatological indications. It could accelerate the

development of new treatments and bring them to

market more quickly, benefiting patients with

currently unmet medical needs8.

AI in precision dermatology and individualised

treatments

AI has the potential to significantly enhance precision

dermatology by customising treatments for individual

patients based on their genetic, molecular, and

clinical profiles. By integrating data from genomics,

proteomics, and other omics technologies, AI can help

identify the root causes of skin conditions and develop

personalised treatment plans. For example, AI can

analyse a patient’s genetic makeup to predict their

risk of developing specific skin conditions, such as

melanoma or atopic dermatitis. This information can

be used to implement preventive measures or select

the most effective treatments tailored to the patient's

unique genetic profile9.

Challenges and ethical considerations

Despite its promising applications, AI in dermatology

presents several challenges and ethical concerns.

Data bias and generalisability

One of the main challenges in developing AI

algorithms for dermatology is the quality and

availability of data. AI models require large, diverse,

and well-annotated datasets to achieve high levels of

accuracy. However, obtaining such datasets can be

difficult because dermatological images often raise

privacy concerns and may not be easily accessible

for research purposes.

Additionally, the quality of the data is crucial.

Dermatological images can vary significantly in terms

of lighting, resolution, and angle, which can impact

the performance of AI algorithms. These datasets need

to represent various skin types and conditions to

avoid biases in AI models. Many AI models are

trained on datasets that lack representation of diverse

populations, which can lead to inaccuracies,

especially when diagnosing skin conditions in

individuals with darker skin tones10. Tackling these

challenges requires collaboration among derma-

tologists, researchers, and technology companies to

create high-quality, diverse datasets, ensuring

equitable AI deployment through inclusive

representation.
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Explainability and trust in AI diagnoses

AI models function as “black boxes,” making it

difficult to interpret their decision-making processes.

A black box refers to a system whose decision-making

is not transparent or easily interpretable. The lack of

transparency, explainability and diagnostic relia-

bility in AI models can lead to scepticism among

dermatologists and patients. Efforts to develop

explainable AI models are essential to foster trust.

Regulatory and legal issues

The integration of AI in clinical practice requires strict

regulatory oversight. AI algorithms must undergo

rigorous validation and receive approval from

authorities like the U.S. Food and Drug Adminis-

tration (FDA) before implementation. Compliance

with medical standards is essential, and the approval

process can be lengthy, especially for algorithms that

learn and adapt over time.

Data privacy and security

AI applications in dermatology require extensive

patient data, prompting concerns about privacy and

security. Implementing strong data protection

measures and following ethical guidelines to

safeguard patient information are crucial. Patients

should be informed about data usage and can opt-

out if they are uncomfortable with AI-driven

diagnostics. There is also a risk of over-reliance on

AI, which might diminish the role of dermatologists

and impact patient care. Balancing AI’s benefits with

the human element is essential. Furthermore,

integrating AI into clinical practice demands ongoing

training for dermatologists and cooperation between

tech developers and healthcare providers. Resistance

may arise, and experienced dermatologists may not

be convinced to use AI-driven diagnostics.

Conclusion

Integrating AI into dermatology promises to enhance

patient care, improve diagnostic accuracy, and

advance personalised medicine. AI can transform

areas such as image analysis, treatment planning,

and patient monitoring. However, realising its

potential requires addressing challenges like data

quality, regulatory approval, and ethical conside-

rations.

Collaboration among dermatologists, researchers,

and technology developers is essential to ensure

responsible and effective use of AI. This technology

has revolutionised disease diagnosis, tele-

dermatology, and personalised treatments,

demonstrating remarkable accuracy in detecting skin

conditions and enhancing patient accessibility.

Despite its benefits, challenges such as data bias,

explainability, and security must be tackled for ethical

deployment. Ultimately, AI is set to complement

dermatologists, enriching clinical practice and

improving patient outcomes. With ongoing advance-

ments and ethical oversight, AI will be crucial in

delivering high-quality, accessible, and personalised

dermatological care.
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