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ABSTRACT
Artificial Intelligence (AI) is a discipline within computer science 
that utilizes large datasets to simulate human intelligence, thereby 
supporting healthcare professionals and students in achieving more 
effective training and treatment outcomes. This article examines 
the application of AI in the medical sciences, healthcare, and 
treatment across six sections, investigating both the achievements 
and limitations of AI. The growing integration of AI into medical 
sciences has led to notable progress in medical education, patient 
care, and clinical practice. Increasing students’ practical skills, 
easier access to large amounts of data, faster diagnosis, personalized 
treatment, and smarter care are among the benefits of using AI, which 
justifies the increasing use of this technology. Today, the benefits of 
AI in medical education are widely acknowledged. One of the key 
advantages is making the learning process more understandable 
for learners from an academic perspective and being recognized 
as a major transformation in medical education. The use of AI has 
always been accompanied by challenges. However, despite these 
challenges, AI has a promising future in education and healthcare, 
provided that its implementation is guided by human-centered 
design, ethical oversight, and appropriate governance structures. 
This Perspective emphasizes the interconnected nature of AI use 
across medical education, clinical practice, and healthcare systems, 
and argues that AI should be positioned as a supportive rather than 
autonomous force in medicine. Its progress depends on stronger 
interdisciplinary collaboration between computer scientists and 
medical researchers to identify and address key challenges and to 
implement effective data-driven approaches to achieve this aim.
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Introduction
John McCarthy originated the phrase 

“Artificial Intelligence (AI)” in 1956, and AI 
has progressed to become one of the most 
imperative technological developments in 
modern science (1, 2). It is critical to note 
that while Machine Learning (ML) and Deep 
Learning (DL) are two established technical 
concepts used within the medical community, 
ML provides a mechanism for computer 
systems to detect patterns within large datasets 
(the essence of ML), while DL provides a 
mechanism for predicting and analyzing even 
greater complexity (the essence of DL) via a 
pattern-recognition mechanism based on a 
neural network (3). Therefore, a wide variety 
of medical applications have arisen from the 
combined advantages that both ML and DL 
provide, ranging from diagnostic applications 
to personalization of treatment (3).

Lately, AI has emerged in many areas of 
medicine (diagnostics, oncology, endoscopy, 
surgery, and every level of medical education) 
(4). These developments are often discussed 
in isolation, despite their shared educational, 
clinical, and systemic implications. In this 
Perspective, the authors argue that AI should 
be viewed not as a substitute for clinicians, but 
as a supportive tool that enhances diagnostic 
capabilities, reduces cognitive burden, and 
improves the accuracy of care. We explicitly 
align this work in opposition to techno-
solutionist narratives, emphasizing that the 
value of AI lies in its responsible integration 
into medical education, clinical practice, 
and healthcare systems. Achieving this 
vision, however, requires addressing several 
substantial challenges, including the need 
for greater transparency and a move away 
from characterizing AI systems as opaque  
“black boxes.”

The general goal of this Perspective is to 
critically examine the application of artificial 
intelligence across medical education, 
clinical practice, and healthcare systems 
as an interconnected whole rather than as 
separate domains. Specifically, this article 
aims to move beyond a descriptive review of 
AI applications by articulating the authors’ 

views, critiques, and recommendations, 
and by highlighting the key educational, 
clinical, and governance changes required 
to ensure that AI strengthens—rather than 
undermines—human-centered care.

Toward New Frameworks and Opportunities
Although much of the current AI literature 

remains largely descriptive, a growing body 
of work has begun to examine both the 
benefits and limitations of these technologies. 
Nonetheless, research in this area is still 
predominantly application-focused, with 
insufficient attention to theory development or 
integrative critique. To meaningfully advance 
the field, future research should prioritize 
theory-building efforts that can guide the 
evolution and responsible implementation of 
AI in healthcare.

Human–AI Collaboration
A common belief is that AI will eventually 

replace physicians, educators, and other 
healthcare professionals. Although AI 
has a capacity to process vast amounts of 
information rapidly and generate data-based 
recommendations, it lacks the capacity to 
interpret human emotions, place things in 
proper context or make moral judgments. 
For this reason, it is anticipated that future 
forms of AI will take care of most of the 
low-level, data-oriented activities that would 
otherwise be left for healthcare providers 
to perform, allowing them to focus their 
attention on communicating, making moral 
judgements and providing patient-centered 
care. From a Perspective standpoint, we argue 
that this collaborative model represents the 
most ethically and clinically appropriate 
pathway for AI integration. As we move 
into the future, our future research should 
explore the development of proper workflows, 
educational structures and guidelines to 
support the collaborative model for future 
partnerships between AI and healthcare 
providers (5, 6).

Equity and Global Health
High-income countries provide most 
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of the training data for most AI models; 
this leads to bias, which can lead to these 
models excluding vulnerable populations. 
Without deliberate attention to equity in AI 
development, existing health inequities may 
be perpetuated or amplified. To counter this 
possibility, equity should be a primary pillar 
of all AI development. Equity must therefore 
be a central pillar of AI design rather than an 
afterthought. This requires access to diverse 
and inclusive global datasets, the development 
of algorithms that are culturally responsive, 
and the implementation of policies that ensure 
broad and fair access. In addition, research 
should report not only model performance 
but also how the benefits of AI are distributed 
equitably across different patient groups and 
healthcare systems (5).

Trust and Transparency
For AI to be embedded in routine clinical 

practice, it must earn the confidence of 
clinicians, patients, and policymakers—
something that remains difficult to achieve. 
Most AI systems are currently considered 
“black boxes” where it is nearly impossible to 
understand how decisions are made. The lack 
of transparency around these technologies, 
along with profit-focused companies and 
unclear lines of accountability, undermines 
AI’s alleged reliability and credibility. From 
a governance perspective, transparency and 
explainability are essential to sustaining 
professional and public trust. Governance 
structures for AI should be developed using 
an interdisciplinary approach with input from 
clinicians, computer scientists, ethicists, 
the affected populations (the patients), and 
regulatory agencies, to collaboratively develop 
the best possible AI throughout its lifecycle. 
The concepts of explainable AI, ethical 
audits, and shared accountability should be 
incorporated into future AI developments to 
promote safe and ethical use (5, 6).

Opportunities beyond Current Applications 
In addition to advancing technology, 

AI offers an opportunity to fundamentally 
reimagine healthcare systems. It can support 

the development of learning health systems 
in which patient data are continuously used to 
refine and improve clinical practice. AI also 
enables a stronger emphasis on preventive 
medicine, shifting the focus from treatment 
to health promotion. Furthermore, integrating 
interdisciplinary education can ensure that 
future healthcare professionals are proficient 
not only in medicine but also in digital literacy 
and data ethics. Together, these opportunities 
position AI as a driver of systemic change 
rather than simply a technical solution.

Integrated Role of AI across Medical 
Education, Clinical Practice, and Healthcare 
Systems

To avoid a fragmented, review-style 
interpretation of AI, this section intentionally 
discusses medical education, clinical practice, 
and healthcare systems as interdependent 
domains. We argue that developments in 
one domain inevitably shape outcomes in the 
others, and that examining AI applications 
without this integrative lens risks reinforcing 
descriptive narratives rather than critical 
insight. 

Medical Science is being profoundly 
affected by AI, which is not only limited to the 
application of technology but also in various 
areas of its own. Education, treatment, and 
the entire healthcare system are the domains 
that are gradually interlinked with each other, 
where, for example, the progress in medical 
education impacts the others as well, and vice 
versa. Hence, viewing AI in this integrated 
manner is a must for grasping its full potential 
along with the accompanying risks.

In the case of medical education, AI has 
played a pivotal role in changing the method 
in which students acquire clinical knowledge 
and skills by facilitating more personalized, 
accessible, and simulation-based learning 
environments (4). Medical schools are 
revising their curricula in response to the rapid 
technological change, while at the same time 
looking for innovative ways to expand and 
keep the healthcare workforce (6). Yet these 
revisions often emphasize technical exposure 
over critical AI literacy, ethical reasoning, 
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and interpretive judgment. A large number 
of technologies, such as Virtual Reality, 
Cloud Computing, 5G, Big Data Analytics, 
the Internet of Things, Wearable Devices, 
and AI tools, are being combined to support 
curriculum development, often through 
engineering department collaboration (5).

Across undergraduate, graduate, and 
postdoctoral education, AI-based simulation 
technologies like virtual patient systems 
are bringing to the learners the practice 
of clinical examinations and autonomous 
decision-making in safe, controlled settings, 
strengthening the clinical reasoning and 
judgment (4). However, the limited attention 
to ethical, social, and humanistic dimensions 
of AI raises concerns about whether future 
clinicians will be adequately prepared to 
critically evaluate AI outputs in practice. 

With the use of 3D simulations, head-
mounted displays, and haptic controllers, the 
training can be done in such a way that it is 
possible to visualize the clinical interventions 
and engage interactively with avatars at the 
same time (7). Holographic technologies 
make it even more effective to learn, by 
granting the learner access to anatomy and 
imaging from various angles, hence making 
the hard-to-grasp subject matter more user-
friendly and exciting (7). Nonetheless, these 
improvements have not led to a shift in the 
orientation of the majority of educational 
programs, which still focus on the technical 
skills aspect of AI and neglect the ethical, 
social, and humanistic dimensions of AI 
use. Such an imbalance poses the question 
of whether future clinicians will be able to 
critically appraise AI outputs and use them 
responsibly in practice or not.

These educational limitations have 
direct implications for clinical practice. 
AI has made significant progress over a 
wide range of medical specialties, such as 
radiology, neurology, pathology, cardiology, 
pharmacology, and robotic surgery, where 
it aids in disease prediction, triage, image 
interpretation, and treatment planning (8-10). 
However, the accuracy of AI outputs is closely 
linked to the quality and representativeness 

of the training data that might be incomplete 
or biased. From a Perspective standpoint, this 
highlights that performance metrics alone 
are insufficient indicators of clinical safety 
or ethical acceptability (11-13).

Personalized treatment approaches are 
increasingly relying on AI to integrate genetic, 
nutritional, and environmental factors, 
enabling individualized risk assessment 
and more frequent monitoring (9, 11). The 
processes of radiological imaging, pneumonia 
detection, skin lesion classification, and the 
analysis of next-generation sequencing data 
have become more and more automated (14, 15).  
Moreover, AI is speeding up the analysis 
of clinical trial data (16, 17) and supporting 
the screening and management of familial 
hypercholesterolemia (18) with better results. 
However, the accuracy of AI outputs is closely 
linked to the quality and representativeness 
of the training data that might be incomplete 
or biased. Therefore, an integrative approach 
combining AI and clinician expertise is 
the key, and ethical issues—especially 
those about trust, accountability, and 
transparency—must continue to be central 
(19–23). AI should therefore be understood 
not only as a technical instrument but also 
as a force that reshapes professional roles and 
clinical practice.

At the health system level, AI is often 
promoted as a solution to rising patient demand, 
limited financial resources, and workforce 
shortages (5). However, implementing AI 
at scale without simultaneous investment in 
education and governance may erode trust, 
accountability, and relational aspects of care. 
Additionally, the use of patient-oriented 
chatbots has made it easier for patients to 
access health information and participate 
in decision-making processes (5, 9, 24, 25). 
Nevertheless, ethical concerns such as data 
security, patient consent, and overreliance 
on automated systems remain significant 
challenges (19, 26).

Taken together, these observations suggest 
that AI should be conceptualized not as a 
collection of isolated tools, but as a socio-
technical system whose effectiveness depends 
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on coordinated alignment across education, 
clinical practice, and healthcare governance. 

Conclusion
The long-term influence of AI in healthcare 

will depend not only on technological 
progress, but also on whether AI is positioned 
as supportive tool rather than a fully 
independent solution. We explicitly frame 
this perspective against techno-solutionist 
assertions, arguing that AI’s value lies in 
strengthening—not replacing—human 
clinical judgment. Ensuring inclusivity 
demands ethically obtained, diverse, and 
representative data to avoid perpetuating 
current healthcare disparities. Additionally, 
it is crucial to create AI systems that are 
transparent and explainable, aiding clinical 
reasoning and building trust with both 
healthcare providers and patients.

Medical education plays a central role 
in shaping the future of AI in medicine. 
Integrating AI literacy, ethics, and data 
interpretation into medical curricula is 
necessary to prepare clinicians to critically 
evaluate AI outputs and apply them 
responsibly in practice. This transition 
demands synchronized adjustments in three 
areas: medical education, clinical practice, 
and healthcare regulation. Future research 
should therefore move beyond performance 
metrics to examine how AI reshapes clinical 
decision-making, professional roles, and 
patient–clinician relationships. Only through 
coordinated advances in education, clinical 
implementation, and governance can AI 
meaningfully enhance healthcare while 
preserving its human foundations.

Abbreviations
AI: Artificial Intelligence
DL: Deep Learning
ML: Machine Learning

Acknowledgments
Not applicable.

Authors’ Contribution
MHM and HRKM conceptualized and 

designed the study. AhKh and RG drafted 
the manuscript. MHM was responsible for 
revisions. All authors reviewed and approved 
the final manuscript.

Conflict of Interest
The authors declare that there is no conflict 

of interest regarding the publication of this 
paper.

Funding/Support
This research did not receive any outside 

funding or support.

Availability of Data and Materials
No new data were generated or analyzed 

in this study and all information discussed is 
based on previously published sources and 
publicly available materials.

References
1	 Bindra S, Jain R. Artificial intelligence 

in medical science: a review. Ir J Med 
Sci. 2024;193(3):1419-1429. doi: 10.1007/
s11845-023-03570-9. PubMed PMID: 
37952245.

2	 Mainali G. Artificial Intelligence in 
Medical Science: Perspective from a 
Medical Student. JNMA J Nepal Med 
Assoc. 2020;58(229):709-711. doi: 
10.31729/jnma.5257. PubMed PMID: 
33068098; PubMed Central PMCID: 
PMC7580331.

3	 Zuhair V, Babar A, Ali R, Oduoye MO, 
Noor Z, Chris K, et al. Exploring the Impact 
of Artificial Intelligence on Global Health 
and Enhancing Healthcare in Developing 
Nations. J Prim Care Community 
Health. 2024;15:21501319241245847. 
doi: 10.1177/21501319241245847. PubMed 
PMID: 38605668; PubMed Central 
PMCID: MCPMC11010755.

4	 Sun L, Yin C, Xu Q, Zhao W. Artificial 
intelligence for healthcare and medical 
education: a systematic review. Am J 
Transl Res. 2023;15(7):4820-8. PubMed 
PMID: 37560249; PubMed Central 
PMCID: MCPMC10408516.

5	 Sharma A, Al-Haidose A, Al-Asmakh 



Karbalaei-Musa HR et al.Artificial Intelligence in Medical Sciences, Healthcare, and Treatment

Interdiscip J Virtual Learn Med Sci 2025; Vol. 16, No. 4432 

M, Abdallah AM. Integrating Artificial 
Intelligence into Biomedical Science 
Curricula: Advancing Healthcare 
Education. Clin Pract. 2024;14(4):1391-
403. doi: 10.3390/clinpract14040112. 
PubMed PMID: 39051306; PubMed 
Central PMCID: MCPMC11270210.

6	 Ng FYC, Thirunavukarasu AJ, Cheng 
H, Tan TF, Gutierrez L, Lan Y, et al. 
Artificial intelligence education: An 
evidence-based medicine approach for 
consumers, translators, and developers. 
Cell Rep Med. 2023;4(10):101230. doi: 
10.1016/j.xcrm.2023.101230. PubMed 
PMID: 37852174; PubMed Central 
PMCID: MCPMC10591047.

7	 Krajcer Z. Artificial Intelligence for 
Education, Proctoring, and Credentialing 
in Cardiovascular Medicine. Tex Heart 
Inst J. 2022;49(2). doi: 10.14503/THIJ-21-
7572. PubMed PMID: 35481865; PubMed 
Central PMCID: MCPMC9053661.

8	 Zarei M, Eftekhari Mamaghani H, Abbasi 
A, Hosseini M-S. Application of artificial 
intelligence in medical education: A review 
of benefits, challenges, and solutions. 
Medicina Clínica Práctica. 2024;7(2):100422. 
doi: 10.1016/j.mcpsp.2023.100422.

9	 Singh A, Paruthy SB, Belsariya V, 
Chandra JN, Singh SK, Manivasagam SS, 
et al. Revolutionizing Breast Healthcare: 
Harnessing the Role of Artificial 
Intelligence. Cureus. 2023;15(12):e50203. 
doi: 10.7759/cureus.50203. PubMed 
PMID: 38192969; PubMed Central 
PMCID: MCPMC10772314.

10	 Polonia A, Campelos S, Ribeiro A, 
Aymore I, Pinto D, Biskup-Fruzynska 
M, et al. Artificial Intelligence Improves 
the Accuracy in Histologic Classification 
of Breast Lesions. Am J Clin Pathol. 
2021;155(4):527-36. doi: 10.1093/ajcp/
aqaa151. PubMed PMID: 33118594.

11	 Yang X. Application and Prospects of 
Artificial Intelligence Technology in 
Early Screening of Chronic Obstructive 
Pulmonary Disease at Primary Healthcare 
Institutions in China. Int J Chron 
Obstruct Pulmon Dis. 2024;19:1061-7. doi: 

10.2147/COPD.S458935. PubMed PMID: 
38765765; PubMed Central PMCID: 
MCPMC11102166.

12	 Kozel G, Gurses ME, Gecici NN, Gökalp 
E, Bahadir S, Merenzon MA, Shah AH, 
Komotar RJ, Ivan ME. Chat-GPT on brain 
tumors: An examination of Artificial 
Intelligence/Machine Learning’s ability 
to provide diagnoses and treatment plans 
for example neuro-oncology cases. Clin 
Neurol Neurosurg. 2024;239:108238. doi: 
10.1016/j.clineuro.2024.108238. PubMed 
PMID: 38507989.

13	 Silcox C, Zimlichmann E, Huber K, 
Rowen N, Saunders R, McClellan M, et 
al. The potential for artificial intelligence 
to transform healthcare: perspectives 
from international health leaders. NPJ 
Digit Med. 2024;7(1):88. doi: 10.1038/
s41746-024-01097-6. PubMed PMID: 
38594477; PubMed Central PMCID: 
MCPMC11004157.

14	 Bajwa J, Munir U, Nori A, Williams 
B. Artificial intelligence in healthcare: 
transforming the practice of medicine. 
Future Healthc J. 2021;8(2):e188-e94. doi: 
10.7861/fhj.2021-0095. PubMed PMID: 
34286183; PubMed Central PMCID: 
MCPMC8285156.

15	 Ching T, Himmelstein DS, Beaulieu-
Jones BK, Kalinin AA, Do BT, Way GP, 
et al. Opportunities and obstacles for 
deep learning in biology and medicine. 
J R Soc Interface. 2018;15(141). doi: 
10.1098/rsif.2017.0387. PubMed PMID: 
29618526; PubMed Central PMCID: 
MCPMC5938574.

16	 Thribhuvan Reddy D, Grewal I, Garcia 
Pinzon LF, Latchireddy B, Goraya S, Ali 
Alansari B, et al. The Role of Artificial 
Intelligence in Healthcare: Enhancing 
Coronary Computed Tomography 
Angiography for Coronary Artery Disease 
Management. Cureus. 2024;16(6):e61523. 
doi: 10.7759/cureus.61523. PubMed PMID: 
38957241; PubMed Central PMCID: 
MCPMC11218716.

17	 Vamathevan J, Clark D, Czodrowski 
P, Dunham I, Ferran E, Lee G, et al. 



Artificial Intelligence in Medical Sciences, Healthcare, and TreatmentKarbalaei-Musa HR et al.

Interdiscip J Virtual Learn Med Sci 2025; Vol. 16, No. 4  433

Applications of machine learning in drug 
discovery and development. Nat Rev Drug 
Discov. 2019;18(6):463-77. doi: 10.1038/
s41573-019-0024-5. PubMed PMID: 
30976107; PubMed Central PMCID: 
MCPMC6552674.

18	 Athar M. Potentials of artificial intelligence 
in familial hypercholesterolemia: 
Advances in screening, diagnosis, and risk 
stratification for early intervention and 
treatment. Int J Cardiol. 2024;412:132315. 
doi: 10.1016/j.ijcard.2024.132315. PubMed 
PMID: 38972488.

19	 Younis HA, Eisa TAE, Nasser M, 
Sahib TM, Noor AA, Alyasiri OM, 
et al. A Systematic Review and Meta-
Analysis of Artificial Intelligence 
Tools in Medicine and Healthcare: 
Applications, Considerations, Limitations, 
Motivation and Challenges. Diagnostics 
(Basel). 2024;14(1). doi: 10.3390/
diagnostics14010109. PubMed PMID: 
38201418; PubMed Central PMCID: 
MCPMC10802884.

20	 Tustumi F, Andreollo NA, Aguilar-
Nascimento JE. Future of the Language 
Models in Healthcare: The Role of 
Chatgpt. Arq Bras Cir Dig. 2023;36:e1727. 
doi: 10.1590/0102-672020230002e1727. 
PubMed PMID: 37162073; PubMed 
Central PMCID: MCPMC10168663.

21	 Dave T, Athaluri SA, Singh S. ChatGPT in 
medicine: an overview of its applications, 
advantages, limitations, future prospects, 
and ethical considerations. Front Artif 
Intell. 2023;6:1169595. doi: 10.3389/
frai.2023.1169595. PubMed PMID: 
37215063; PubMed Central PMCID: 
MCPMC10192861.

22	 Temsah MH, Aljamaan F, Malki KH, 

Alhasan K, Altamimi I, Aljarbou R, et 
al. ChatGPT and the Future of Digital 
Health: A Study on Healthcare Workers’ 
Perceptions and Expectations. Healthcare 
(Basel). 2023;11(13). doi: 10.3390/
healthcare11131812. PubMed PMID: 
37444647; PubMed Central PMCID: 
MCPMC10340744.

23	 Abdelhalim H, Berber A, Lodi M, Jain 
R, Nair A, Pappu A, et al. Artificial 
Intelligence, Healthcare, Clinical 
Genomics, and Pharmacogenomics 
Approaches in Precision Medicine. Front 
Genet. 2022;13:929736. doi: 10.3389/
fgene.2022.929736. PubMed PMID: 
35873469; PubMed Central PMCID: 
MCPMC9299079.

24	 Aggarwal A, Tam CC, Wu D, Li X, Qiao 
S. Artificial Intelligence-Based Chatbots 
for Promoting Health Behavioral Changes: 
Systematic Review. J Med Internet Res. 
2023;25:e40789. doi: 10.2196/40789. 
PubMed PMID: 36826990; PubMed 
Central PMCID: MCPMC10007007.

25	 Akinrinmade AO, Adebile TM, Ezuma-
Ebong C, Bolaji K, Ajufo A, Adigun 
AO, et al. Artificial Intelligence in 
Healthcare: Perception and Reality. 
Cureus. 2023;15(9):e45594. doi: 
10.7759/cureus.45594. PubMed PMID: 
37868407; PubMed Central PMCID: 
MCPMC10587915.

26	 Naik N, Hameed BMZ, Shetty DK, Swain 
D, Shah M, Paul R, et al. Legal and Ethical 
Consideration in Artificial Intelligence in 
Healthcare: Who Takes Responsibility? 
Front Surg. 2022;9:862322. doi: 10.3389/
fsurg.2022.862322. PubMed PMID: 
35360424; PubMed Central PMCID: 
MCPMC8963864.


