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Abstract

Today, artificial intelligence has become one of the practical tools in the health system and is considered an effective element
in clinical decision-making, healthcare management, and effective communication between patients and clinicians. This review
examines the evolution of smart medical technologies from the first expert-based systems to recent achievements in the field
of deep learning, advanced language models, and predictive algorithms. Our study also outlines how the development of this
technology has influenced diagnostic and therapeutic approaches in areas such as surgery, pathology, and remote care systems.
In the present study, the changing role of medical staff when using smart systems, the need to review educational models and
the requirement to provide standard infrastructures for data collection are discussed. Legal and ethical challenges, including
liability, algorithmic bias, and the risk of widening health disparities globally, are also examined. In addition, the lack of
coordination among regulatory bodies to develop a new standard framework which is considered a major obstacle to the
comprehensive development of Al-based care, especially in developing countries is discussed. On the other hand, serious
warnings about behaviors such as automation bias, which may lead to a decline in clinical skills and possible errors in Al
systems, are reviewed. Finally, it is emphasized that the future prospects of Al-based tools and the necessary adaptations to
promote the future success of medical systems depend on fundamental education, comprehensive and fair policy-making, and
the responsible deployment of technical models. Thus, it can be concluded that the realization of intelligent and convergent
medicine requires maintaining a balance between ethical-human values and technological advancements.

Keywords: artificial intelligence; clinical decision support; large language models; health policy; medical ethics; digital
health; global health equity

Introduction

Today, the world of medicine is undergoing a considerable transformation with the development of artificial
intelligence computing systems. By collecting accurate data, categorizing it in a structured manner, and providing
interpretive outputs, these systems can play a significant role in facilitating more accurate clinical decisions and
providing the most appropriate personalized strategy for successful patient treatment. By utilizing areas such as
deep learning, large-scale annotated data, predictive algorithms, and homogeneous and updatable computing
infrastructures, artificial intelligence models can perform tasks such as classifying and predicting risk factors, and
interpreting medical images with similar or superior accuracy to human experts (1). Due to the pervasive and
expanding role of this field, the World Health Organization has identified the management of Al-based models as
one of the priorities of the health system and emphasized the need to balance the benefits of this technology with
the preservation of safety, justice, and human rights (2). However, theoretical recommendations are often not well
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aligned with clinical and practical approaches, and a significant part of the guidelines differ from real-world clinical
application. In addition, empirical evidence supporting the effectiveness and full compliance with comprehensive
frameworks remains limited and contradictory (3). Health policymakers today conceptualize Al not only as a
standalone tool but also as a transformative potential capable of significant changes in the boundaries of
workflows, clinical skills, and specialist areas (4). Taking a longitudinal perspective, this review examines the
current state of Al-based models and their impact on the evolution of clinical practices, ethical considerations,
laws, and general health care policies.

The evolution of artificial intelligence in the medical world

In the past, the application of Al systems in clinical approaches was very limited and was mainly used for
specific tasks such as detecting abnormal values of laboratory results or raising sepsis alerts. In the present era,
and especially since the mid-2010s, this field has undergone a significant transformation with the emergence of
deep learning. An example of this transformation is the ability of convolutional neural networks (CNNs) to classify
skin cancer at a level comparable to dermatologists [5]. These systems could also assess and diagnose diabetic
retinopathy from retinal photographs with high sensitivity and specificity [6]. Similarly, newer algorithms for
breast cancer screening have been more successful in some clinical settings than single-reader mammography,
significantly reducing false-positive and false-negative results [7]. However, these successes were largely confined
to pattern-recognition and perceptual capabilities within imaging.

Parallel advances have been made in the field of structural biology. The development of the AlphaFold model
using deep learning enabled the prediction of the three-dimensional structure of proteins from amino acid
sequences with accuracy close to experimental methods. This achievement was recognized with the Nobel Prize
in Chemistry in 2024 and opened new horizons in structure-based drug design and targeted therapy [10]. These
findings show that the application of artificial intelligence is not limited to clinical settings and can be extended
upstream into biomedical research.

In recent years, the introduction of large language models has qualitatively transformed Al-based models.
These models, by leveraging large datasets and relying on training infrastructures, have enabled the reasoning of
very complex clinical cases and provided explanations equivalent to highly specialized treatment teams (8, 9). This
transition from limited perceptual tools to comprehensive, multipotential, and updatable intelligent language-
based systems has played a significant role in advancing medical knowledge. In fact, systems using Al algorithms
have gone beyond the nature of a discrete tool and have become highly dynamic assistants that are woven into the
fabric of clinical and research workflows.

Table 1. Milestones in the evolution of artificial intelligence in the clinical and biomedical era

Period Dominant paradigm

Representative milestone

Primary clinical domain

1970s-1990s Rule-based expert systems

2016 Supervised deep learning
(imaging)

2017 Deep convolutional networks

2019-2020 Validated diagnostic imaging Al

2021 Structural biology Al

2022-2023 Generalist large language models

2024-2026 Multimodal generative Al

Early computer-based diagnostic
decision aids

Deep learning for diabetic retinopathy
detection [6]

Dermatologist-level  skin  cancer

classification [5]

International evaluation of breast
cancer screening Al [7]

Structural biology Al

Clinical knowledge encoding by LLMs
[9,10]

Al copilots in pathology and clinical
summarization [11,12]

Internal medicine,

psychiatry
Ophthalmology

Dermatology/oncology

Radiology/oncology

Drug discovery,
translational research

Cross-specialty reasoning,
documentation

Pathology, clinical

documentation

Reconfiguring Clinical Practice

In today's world, the use of artificial intelligence is tangible in many different areas of healthcare. In the field of
pathology, multi-faceted artificial intelligence-based systems can effectively integrate medical images and act as a
powerful assistant by providing interpretive output. The application of this technology is particularly significant
in identifying prognostic biomarkers and identifying and classifying types of malignancies (11, 12). Artificial
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intelligence-based systems also have an effective application in clinical documentation and the use of large
language models. By accurately summarizing clinical records and preparing interpretive or case reports, these
algorithms play a significant role in reducing administrative workload and reducing burnout for physicians and
medical staff (13). In addition, these models have shown successful performance in prioritizing and accepting
patients, grading evidence, and differential diagnosis in medical centers. However, confidence in the performance
results of these models is highly dependent on clinical supervision and the provision of specific platforms (14, 15).

The advancement of Al models in clinical practice has gone beyond image processing and data segmentation
and interpretation to encompass continuous care and procedural approaches. For example, the use of Al-guided
systems in surgery is capable of planning preoperative procedures, managing intraoperative data sets and
protocols, and providing accurate postoperative follow-up. However, direct supervision of the surgical team and
accountability for potential human and Al system errors remain a serious challenge (16, 17). On the other hand,
Al-based algorithms, with the help of wearable devices and interpretation of smart sensor signals, have enabled
accurate tracking of patient location, clinical symptoms, and deterioration. An approach that largely overcomes
many of the limitations of traditional monitoring (18). In the same vein, in the field of mental health, artificial
intelligence-based models with the help of tools to support patient-therapist interaction have shown tangible
value in systematic assessments of patients' mental status, although the ambiguities of direct sensory interaction
between therapist and patient, patient safety and privacy, and the optimal legal scope of using these algorithms
are still under discussion (19).

Overall, these intelligent systems have manipulated workflows through several key axes. First, artificial
intelligence algorithms have significantly reduced the gap between data acquisition and accurate clinical
processing. Second, with the advancement of new technologies and the application of these models, new
operational areas have emerged, such as reviewing the outputs and interpretations of artificial intelligence
algorithms or validating data and outputs, which either did not exist before or required time and manpower.
Therefore, the emergence and advancement of clinical artificial intelligence algorithms have dramatically
transformed the nature of patient-physician interaction, and these models are now able to serve as an efficient
assistant in conditions inside or outside medical centers.

Redefining the Physician's Role

As Al applications expand in various fields and the laws and guidelines governing its oversight continue to
improve, some of the clinical responsibilities of healthcare professionals can be transferred to Al-based models.
However, issues such as effective human communication, understanding of patient living conditions, and the rules
of potential clinical risks still need to be examined and discussed. The findings from machine learning have created
the impression that the medical community should move towards accepting the suggestions of the modern world
and welcoming new technology-based approaches, and develop integrated training systems to empower human
resources with the aim of detecting possible errors and monitoring the interpretations of the outputs of Al
algorithms (20). On the other hand, in order to prevent any bias or negative view towards Al models, it is necessary
for health policymakers to consider the structural inequalities and potential of different healthcare environments
(21). Currently, the views of members of the medical community show a mix of welcome and challenge in this area.
Although the role of artificial intelligence in accelerating clinical decision-making and increasing the accuracy of
data interpretations for various procedures has been accepted, there are still concerns about de-skilling, reliance
on automated systems, and disruption of the administrative system (22).

The significant differences in the necessary infrastructure and facilities available in different educational and
medical centers lead to differences in educational potential. However, integrated educational structures have been
designed to learn the application of Al algorithms and various aspects of their use, ethical principles,
understanding technical foundations, and developing skills (23). In addition, senior members of health policy
systems are trying to formulate precise and practical rules for evaluating the potential of Al in different clinical
situations. These rules are provided in line with the equitable distribution of health services, maintaining data
confidentiality, and ethical frameworks for patient interaction (24). Therefore, it is expected that in the future we
will see a change in the position of the physician from a specialist decision-maker to a role that includes overseeing
the treatment process, interpreting outcomes, and protecting the interests and security of patient information; a
system that moves towards integrating human-machine interaction and expands a bright horizon for the modern
medical education system.

Data, Infrastructure, and the New Medical Ecosystem
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The reliability of the output interpretations of Al models is largely dependent on the input data. The results of
deep learning models using electronic patient record information are directly related to the prediction of outcomes
in different clinical situations and the achievement of reliable results with structured clinical data (25).

Therefore, the benefit of reliable interpretations requires the development of standardized and integrated
electronic record data infrastructures across all platforms used in the health and treatment fields. In this situation,
it is possible to access transparent and uniform outputs and evaluate the results of different treatment processes
and services. In this regard, international health policy-making institutions have developed and integrated digital
health models that provide the ability to simultaneously support clinical services and benefit from the
interpretations of Al models on a big data scale (26). These guidelines are based on the use of auditable, secure,
consistent and updatable data as a prerequisite for Al-based algorithms (27).

In today’s healthcare system, hospitals are not just a single-dimensional service provider, but a set of
multidimensional infrastructures that use homogeneous and structured data to enable cross-border interactions
and secure computing while adhering to standard safety and ethical guidelines. An example of this system is the
regulatory framework developed in Europe for the use of artificial intelligence algorithms in healthcare
approaches (28). Similarly, application models have been developed to evaluate raw data from different healthcare
centers while maintaining data security and patient privacy (29). Currently, cybersecurity is a major component
of Al-based systems that use comprehensive data. Al-based systems used in healthcare centers are considered the
main target platforms for cyber attacks, and exposure to unauthorized access or misuse of data can cause
irreparable damage to a country’s healthcare system.

Ethical, Legal, and Societal Reconfiguration

The use of Al in clinical approaches carries ethical and legal responsibilities. Healthcare algorithms have
historically demonstrated how a modern healthcare system has failed to function properly, focusing on cost
reduction rather than disease burden and severity, and thus failing to accurately identify the needs of the Black
patient population. This approach, which ultimately resulted in systemic biases against the models used,
demonstrates how a clear error in the design phase of a system can negatively impact key outcomes (30). Thus, in
some cases, Al-based computational technologies may exacerbate structural inequalities or biases against the use
of new intelligent models in clinical assessments, particularly in disadvantaged areas (31). Furthermore, this bias
can be embedded across all components of the intelligent system, from data collection to processing and the
operationalization of goals [32]. For this reason, it is emphasized that maintaining equity in Al-based models is not
a separate option, but an important, deliberate decision in the basic design of the system that prevents unequal
targeting of outcomes [33].

These challenges can also entail serious legal constraints. Many areas of legal accountability for diagnostic or
treatment errors caused by Al are still not well understood. The reason for this deficiency is that judicial systems
are based on legal foundations centered around individual decision-making, rather than on hybrid human-AI
models [34]. Studies on the legal issues of Al-based health systems have highlighted concerns such as patient safety,
system accountability, transparency of performance, and maintaining effective therapist-patient communication
[35]. On the other hand, other studies argue that identifying the accountable entity in such systems should be
considered an essential principle alongside other bioethical pillars, including autonomy, beneficence, non-
maleficence, and justice [36, 37].

In line with the aforementioned developments in the implementation and clinical deployment of Al-based
health models, a crucial specialized pillar is the interpretability of arguments and decisions in this field. In this
regard, health and clinical experts believe that transparent and understandable models should replace models
with unnecessary and opaque complexities [38]. Therefore, the principles of developing interpretable Al models
have emerged with the aim of making the reasoning derived from these models more understandable and
conceptual [39, 40].

From a social perspective, the penetration of Al into medicine has also created serious challenges regarding
obtaining informed consent, data ownership, and the risk of concentrating the achievements of this technology in
wealthy areas, which could exacerbate global health gaps and disparities instead of establishing health equity.

Health Systems and Policy Transformation

Recent developments in healthcare legislation suggest a fundamental rethinking of the patterns of oversight of
Al in clinical applications. For example, the US Food and Drug Administration has developed new mechanisms to
provide for the dynamic nature of legislation after the system is deployed, as traditional approaches in the past
focused on the static state of the developed systems (41). In this regard, health policymakers emphasize that
legislation in this area is only possible with comprehensive and continuous reviews at all stages of the introduction,
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development, and use of technology, and not only at the commercialization phase of these technologies (42). In
this path, various challenges face healthcare authorities from the standardization and policy-making stages to the
operational and development stages. Financial reimbursement models, smart healthcare insurance premiums,
tariffs and transparency of legal burdens, and legislation in the event of medical error are among the issues that
elevate clinicians and policymakers in this field from the position of passive and one-dimensional experts to
observers and critics of new algorithms. These challenges are more complex in developing countries. In these
countries, although the prospects for developing Al models in areas deprived of advanced clinical facilities and
skilled medical personnel seem bright (44, 45), the evidence obtained from limited trials in these areas is far from
what is suggested in theory. The lack of access to standard databases and the limitation in the use of trained
computational models based on specific populations may lead to the risk of inappropriate clinical decision-making
and a threat to public health (45). As a result, the unequal distribution of technology may cause significant and
dangerous inequalities in access to treatment on a global scale (43). For this reason, global health policy-making
systems emphasize that the use of intelligent systems should not be considered as a static tool but should be
implemented in a dynamic approach with continuous review from the basic stages to continuous surveillance.

Risks, Limitations, and Unintended Consequences

Despite the progress of Al-based health and treatment systems, there is still a significant difference between
the results obtained from statistical models and their effectiveness at the clinical level. So that some of the tools
used in laboratory conditions lose their ability when generalizing to clinical conditions and patient improvement
indicators (3). On the other hand, trust in automation, which can lead to blind acceptance of the outputs of Al
algorithms by the medical staff, can expose data analysis to serious errors. Unfounded trust in Al outputs,
especially in models capable of reproducing convincing data, is one of the most important safety challenges in the
field of Al-based models (14, 15).

Also, the reduction of the interpretation skills of future specialists and therapists is another important
challenge in this field. Relying on Al decision-making and machine systems may weaken the human ability to find
errors in algorithms, a challenge that medical education policy-making communities have not yet adopted a
solution to (23). In general, opaque interpretive outputs will either lead to distrust of new useful tools or to blind,
uncritical submission.

A Thirty-Year Outlook: Scenarios for the Future of Medicine

The forecast for the next three decades is not certain, but it is likely that technological developments will lead
to improvements in terms of functional adaptation, equity of access, and legal systems. It seems likely that by
increasing investment in health and service systems, including in underserved areas, while strengthening the
workforce, the necessary adaptations to provide appropriate training and validation will be provided to facilitate
the further development of Al-based systems (43, 44).

Conclusion: Toward an Intelligently Reconfigured Medicine

Artificial intelligence has brought about a dramatic transformation in medicine. The scope of this
transformation extends from the clinician-patient relationship to global health policymaking and complex
therapeutic processes. Available evidence indicates that the effective use of this technology requires neither blind
optimism nor defensive avoidance; rather, it calls for a balanced and rational approach across all domains.
Although artificial intelligence has demonstrated significant potential in prediction, diagnosis, and workflow
optimization, it also presents substantial challenges. These include systemic bias, data-security concerns, legal and
liability issues, disparities in infrastructure across regions, and unresolved questions regarding the uncertainty
and generalizability of its outputs. Shaping the future of this field will require more than technological
advancement; it will depend on comprehensive action by regulatory institutions and health-system administrators.
Thus, the full and responsible realization of Al's potential remains achievable, but it requires evidence-informed
policymaking as well as careful, comprehensive planning.
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