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Abstract 

In the healthcare industry, artificial intelligence 

(AI) has significantly enhanced treatment plans, 

pharmaceutical advancements, hospital 

administration, and diagnostic precision. This 

review examines the integration of AI across 

domains, including robotic surgery, drug 

development, medical imaging, epidemiology, 

and clinical decision-making. Techniques like 

deep learning and natural language processing 

(NLP) have proven remarkably effective in the 

domains of medical image interpretation, illness 

trajectory prediction, and healthcare 

infrastructure optimisation. However, increasing 

the fairness and transparency of AI is crucial to 

gaining the trust of patients and medical 

professionals. Looking forward, future 

advancements in medical AI are anticipated to be 

primarily driven by generative AI, federated 

learning, and multimodal AI. Instead of taking 

the place of human knowledge, artificial 

intelligence (AI) will be used as a supplementary 

tool to help healthcare professionals make better 

clinical decisions by giving them data-driven 

insights. It will be crucial to guarantee 

 Resumo 

No setor da saúde, a inteligência artificial (IA) 

aprimorou significativamente os planos de 

tratamento, os avanços farmacêuticos, a 

administração hospitalar e a precisão 

diagnóstica. Esta revisão examina a integração 

da IA em diversos domínios, incluindo cirurgia 

robótica, desenvolvimento de medicamentos, 

imagens médicas, epidemiologia e tomada de 

decisão clínica. Técnicas como o aprendizado 

profundo e o processamento de linguagem 

natural (PLN) têm se mostrado notavelmente 

eficazes nos domínios da interpretação de 

imagens médicas, previsão da trajetória da 

doença e otimização da infraestrutura de saúde. 

No entanto, aumentar a equidade e a 

transparência da IA é crucial para conquistar a 

confiança dos pacientes e dos profissionais da 

área médica. Olhando para o futuro, prevê-se 

que os avanços futuros na IA médica sejam 

impulsionados principalmente pela IA 

generativa, pelo aprendizado federado e pela IA 

multimodal. Em vez de substituir o 

conhecimento humano, a inteligência artificial 

(IA) será utilizada como uma ferramenta 
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sustainable AI deployment and foster global 

cooperation to make AI-driven medical solutions 

inclusive and accessible. The success of AI in 

imaging will be measured by worth creation, 

which includes better patient outcomes, faster 

turnaround, higher diagnostic certainty, and a 

higher quality of work life for radiologists. AI 

offers a novel and fascinating collection of 

methods for analysing image data. Radiologists 

will likely be at the forefront of AI's medical 

applications as they explore these new 

possibilities. 

 

Keywords: Artificial Intelligence. Deep 

Learning. Health Care Sector. Diagnostic 

Imaging. Radiologists. Clinical Decision-

Making. 

complementar para ajudar os profissionais da 

saúde a tomar melhores decisões clínicas, 

fornecendo-lhes insights baseados em dados. 

Será crucial garantir a implantação sustentável 

da IA e promover a cooperação global para 

tornar as soluções médicas baseadas em IA 

inclusivas e acessíveis. O sucesso da IA no 

diagnóstico por imagem será medido pela 

criação de valor, o que inclui melhores 

resultados para os pacientes, respostas mais 

rápidas, maior certeza diagnóstica e uma 

melhor qualidade de vida profissional para os 

radiologistas. A IA oferece um conjunto 

inovador e fascinante de métodos para a análise 

de dados de imagem. Os radiologistas 

provavelmente estarão na vanguarda das 

aplicações médicas da IA à medida que 

explorarem essas novas possibilidades. 

 

Palavras-chave: Inteligência Artificial. 

Aprendizado Profundo. Setor de Saúde. 

Diagnóstico por Imagem. Radiologistas. 

Tomada de Decisão Clínica. 

 

 

1 INTRODUCTION 

 

Radiology has evolved substantially since it was first introduced, with its immense 

impact reverberating throughout modern medicine (Ngiam & Khor, 2019). This evolution 

is characterized by the discovery of X-rays in the 19th century to the introduction of 

imaging modalities like CT and MRI in the 20th century, marking a significant paradigm 

shift in diagnostic imaging (Sakano et al., 2022). Developing alongside it is the field of 

artificial intelligence (AI) that refers to a machine's ability to perform tasks that require 

human intellect, such as pattern recognition, language comprehension, image processing, 

and decision-making (Illinois, 2025). The merger of these fields has revolutionized 

traditional healthcare delivery. It has evolved both internally and in relation to the 

healthcare environment it supports (Ngiam & Khor, 2019), from basic automation to 

sophisticated, data-driven clinical decision support systems (Elhaddad & Hamam, 2024). 

AI and radiology together exhibit the potential of resolving several challenges 

encountered in modern radiology, including diagnostic accuracy, workflow efficiency, 

and personalized patient care (Najjar, 2023). 



3              Saba Waleed & Syed Zaigham Ali Shah & Rubia Anjum Tariq & Ezza Jabeen & Muhammad Kaleem Akhtar & Saima Batool 

 

 

Veredas do Direito, v.23, e238175 – 2026 

Veredas do Direito, v.23 n.2, e23xxx – 2026 

Understanding the hierarchical structure of AI technologies is of critical 

importance. AI uses machine learning (ML) as a tool to construct algorithms that learn 

from the data (Chen & Asch, 2017; Ngiam & Khor, 2019). Unlike traditional 

programming, the model does not explicitly code the techniques; instead, it looks for 

patterns in the data that produce the desired output. The AI model is trained on a training 

dataset, followed by validation and testing to confirm performance metrics (Chen & Asch, 

2017). Deep learning (DL) is a subfield of machine learning that uses artificial neural 

networks (ANN) (Orooji et al., 2022). These networks process data through successive 

layers, assigning a weight to each input for extraction, proving far more effective than 

conventional machine learning techniques (McKinney et al., 2020). Convolutional Neural 

Networks (CNNs) are used for image processing, including medical imaging (Meena et 

al., 2024), while Recurrent Neural Networks (RNNs) are used for sequential data 

analysis, particularly in Natural Language Processing (NLP) (Mienye et al., 2024). NLP 

allows the model to understand human language and can be applied to tasks such as text 

classification and categorisation, summarisation, translation, text-to-speech, and speech-

to-text in the medical field (Deo, 2015; McKinney et al., 2020).  

AI is currently revolutionising clinical medicine by providing cutting-edge 

solutions for therapy and diagnosis (Bajwa et al., 2021). By analysing large, complex data 

sets, it enables data-driven decisions that enhance overall patient care, diagnosis 

precision, and treatment efficacy (Esteva et al., 2019). One of the most significant 

advancements is the application of AI to medical imaging, where CNNs have the potential 

to provide highly accurate diagnostic information for clinical challenges like retinal 

disorders (Arnob et al., 2025), tumours (Naeem et al., 2025), and fractures (Thian et al., 

2019). Similarly, NLP algorithms are being used to extract valuable information from 

unstructured data in healthcare settings, such as electronic health records (EHRs), doctors' 

notes, and medical publications (Bilal et al., 2025). Additionally, AI-driven prediction 

models have been widely used for risk stratification, early disease diagnosis, and the 

management of chronic diseases (Matheny et al., 2020).  

Despite its potential, there are many challenges in incorporating AI into healthcare 

operations. Major barriers include medical data security, privacy, and quality, with the 

decentralised nature of healthcare systems and stringent data protection regulations 

hindering sharing and interoperability (Faiyazuddin et al., 2025). Algorithm bias, justice, 
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and fairness in healthcare delivery are further ethical concerns (Norori et al., 2021), 

compounded by the "black-box" nature of many AI models, making them hard to 

comprehend and untrustworthy in the eyes of doctors (Pierce et al., 2022). The use of AI 

in healthcare settings is now even more complicated due to nomenclature problems 

(Mehraeen et al., 2025) and legal restrictions (Reddy, 2023). 

Currently, the global healthcare systems are grappling with challenges like ageing 

populations and increased demands for post-pandemic recovery. Maintaining equitable 

and long-term delivery of healthcare depends on the prompt application of AI (Russell & 

Norvig, 2016). Clinical validation should be of utmost importance when AI is integrated 

into medical care. While we are embracing the “deep medicine era, it is important to 

understand that digital healthcare does not mean technology will replace clinicians' 

(human) involvement; it should augment and supplement healthcare providers in 

improving healthcare delivery by optimizing patient-clinician relationships (Gopalan et 

al., 2023). Furthermore, exploring how technologies like generative AI and explainable 

AI (XAI) could improve clinical practice. AI offers solutions to long-standing problems 

such as early diagnosis (Al-Dekah & Sweileh, 2025), personalised therapy (Khosravi et 

al., 2024), and resource optimization (Álvarez-Vázquez et al., 2025), which are 

compounded by systemic issues such as budgetary constraints (Kiss et al., 2023), 

understaffing of medical professionals (Kiss et al., 2023), and an increase in the number 

of patients (Samadbeik et al., 2025). Even with AI's quick development, barriers to its 

application in a clinical setting, including technological, ethical, logistical, and 

regulatory, remain (Russell & Norvig, 2016).  

In diagnostic imaging, AI has the potential to detect anomalies with accuracy that 

can surpass human clinicians, reducing error in several other fields. It facilitates clinicians 

in developing individualised data-driven treatment plans by managing vast amounts of 

patient data, directing clinical decision-making, and improving patient outcomes through 

predictive analytics (Choi et al., 2020). This research will be useful for more than just 

identifying existing AI applications. Analysing the limitations in adopting AI in 

healthcare will shed light on important issues about interoperability, data privacy, and 

clinician trust. Furthermore, as AI systems become more integrated into clinical practice, 

healthcare workers will need proficiency to use them(Gazquez-Garcia et al., 2025; 

Shishehgar et al., 2025); this research will fill gaps in their education and training. 
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This study seeks to explore how artificial intelligence (AI) is being used in 

radiology currently and how it might change the field in the future. It aims to provide 

actionable insights for creating effective AI strategies, improving patient care systems, 

and ensuring responsible use of new technologies. 

 

Figure 1 

Key Goals of Artificial Intelligence 

 
 

As illustrated in Figure 1, which outlines six key goals for AI in radiology, the 

technology not only improves patient outcomes but also increases productivity (van 

Leeuwen et al., 2022). Therefore, the specific objectives of this review are: 

• To determine the most recent developments in the application of AI to clinical 

medicine. 

• To assess the difficulties and obstacles preventing the broad use of AI in clinical 

• settings. 

• To investigate potential avenues for incorporating AI into clinical medicine in the 

future. 

• To evaluate how AI affects clinical judgement and patient outcomes. 

• To investigate how AI might support precision healthcare and personalised 

medicine. 

 

2 APPLICATIONS OF AI IN MEDICAL IMAGING 

 

Medical imaging has emerged as one of the widely employed artificial intelligence 

(AI) applications in the domain of healthcare. This advancement is characterized by 
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automating and enhancing image analysis; through these features, AI is revolutionizing 

diagnostic pathways by improving accuracy and allowing earlier disease detection. 

 

2.1 Advances in AI-powered image recognition and segmentation 

 

Image recognition is an important aspect of AI, which entails processing, 

analysing, and recognising images in order to spot patterns and objects. The fundamental 

processes involve image preprocessing, feature extraction, and recognition 

(Drăgulinescu, 2023). By segmenting images and extracting features, AI systems can 

identify and categorise lesions, frequently identifying tumour characteristics that are 

invisible to the human eye (Bibi et al., 2025). This makes image recognition an essential 

tool for quantitative imaging and radiomics.  

Among the central applications is the automatic segmentation of anatomical 

structures and pathologies, which is crucial, particularly in the diagnosis of liver cancer. 

By creating pseudo-tumor, Innovative models like the CouinaudNet improve 

segmentation and aid in the training of a supervised segmentation model by generating 

pseudo-tumor masks, thereby reducing manual annotation efforts (Lyu et al., 2021). 

Similarly, advanced architectures such as a dual-stream network have been suggested to 

differentiate between portal and hepatic veins by combining local and long-range spatial 

features to increase vein segmentation accuracy and prevent misclassification (Xu et al., 

2024). These advancements are reflective of AI’s potential in efficient volumetric 

analysis in oncology. 

A significant development in the last five years is deep learning (DL), which uses 

multilayer neural networks to learn abstract patterns from medical images, improving 

diagnostic precision and opening the door to predictive modelling (Lee et al., 2023). A 

key component of deep learning, convolutional neural networks (CNNs) are extensively 

employed in medical imaging for multi-modal learning tasks, image classification, 

segmentation, and enhancement (Derry et al., 2023; Hayashi et al., 2020; Hou et al., 2022; 

Soffer et al., 2019; Zhang et al., 2022). This is evident from studies based on diagnostic 

tasks. For example, InceptionV3 with synaptic plasticity was able to detect diabetic 

retinopathy early with 95.56% accuracy and a 94.24% F1 score (Vives-Boix & Ruiz-

Fernández, 2021). While classifying chest X-rays, InceptionV3 considerably 
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outperformed ResNet-152 in identifying 14 lung diseases (95.56% vs. 67% accuracy) 

(Albahli & Ahmad Hassan Yar, 2022). These findings highlight that in comparison to 

generic models, CNN architectures are more efficient for complex, multi-class 

classification. 

 

2.2 AI in early disease detection and diagnosis 

 

AI has become a potent tool in the early detection of diseases like cancer, heart 

disease, and neurological disorders (Ardila et al., 2019; Khan et al., 2023). Using DL 

algorithms, early detection of such diseases is made possible, which helps clinicians 

create accurate treatment plans. The promising potential of AI in Oncology, Cardiology, 

and Neurology is as follows: 

• Oncology: AI has demonstrated a significant impact on early tumour detection. In 

breast cancer screening, AI-assisted mammography systems have demonstrated 

better results, with one system outperforming radiologists in lowering false alarms 

and missed diagnoses (false alarm rates: 5.7% vs. 1.2%; missed diagnosis rates: 

9.4% vs. 2.7%), and eliminating the need for a second reader by 88% (McKinney 

et al., 2020). In the case of lung cancer, an AI model examining both recent and 

old CT scans produced a sensitivity of 94.4% and a specificity of 93.8%, 

decreasing both false negatives positives compared to radiologists (Ardila et al., 

2019), supporting the idea that DL systems could enhance lung cancer screening's 

precision, reliability, and worldwide scalability.  

• Cardiology: Moving beyond medical imaging, AI exhibits immense potential in 

the early detection of reduced ejection fraction in cardiovascular disease. A large-

scale study reported AI-assisted electrocardiograms (ECGs) had a higher 

incidence of new diagnoses of impaired ejection fraction within 90 days, resulting 

in more follow-up echocardiograms. These results demonstrate that AI-enhanced 

ECG analysis has the potential to be a sensitive screening tool, particularly in a 

primary care setting (Yao et al., 2021). 

• Neurology: AI is also changing early disease stratification in neurology. For 

Parkinson's disease, research utilizing machine learning algorithms and 
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noncontact posture monitoring demonstrated the viability of noninvasive, 

objective, and remote Parkinson's disease assessment, enabling the estimation of 

disease progression from home-based monitoring (Yang et al., 2022). 

All of these developments demonstrate that, even with simple imaging modalities, 

AI can enhance early disease diagnosis. Studies consistently report AI’s efficacy in 

augmenting human perception, standardizing screening, and early identification of 

critical diagnostic biomarkers. It is anticipated that AI technologies will play an 

increasingly important role in early screening and diagnosis across a wide range of 

medical specialties as they develop. 

 

3 ARTIFICIAL INTELLIGENCE'S CLINICAL OBJECTIVES IN RADIOLOGY 

 

Currently, AI is actively being utilized in radiology for several clinical objectives. 

Extending beyond diagnostic assistance to actively mitigating long-standing clinical 

challenges such as workflow obstructions, increased workload, and growing demand for 

personalized patient care. 

 

3.1 Improving workflow efficiency 

 

Clinical workflow optimisation has become a top priority due to the growing costs 

of healthcare worldwide. For example, AI can predict patient no-shows and expedite 

appointment scheduling, allowing for more efficient use of resources. Evidence shows 

targeted reminders based on AI predictions decreased no-show rates from 19.3% to 15.9% 

(Chong et al., 2020). These applications have fewer implementation risks and regulatory 

obstacles because they concentrate on ancillary areas like patient logistics rather than 

direct diagnosis. Adoption is still low despite its potential, indicating room for expansion 

in this field.  

Within diagnostic pathways, AI improves efficiency, which is evident from the 

precise detection of tuberculosis in chest radiographs. By acting independently as pre-

screening instruments, these systems lessen the need for costly and time-consuming 

microbiological testing (Khan et al., 2020; Murphy et al., 2020; Philipsen et al., 2015), 

making them ideal for poor-resource settings. Furthermore, AI-guided mammography 
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screening workflows, which reduce reading loads by using risk scores to determine 

whether a case requires a single, double, or no radiologist read (Dembrower et al., 2020; 

Lång et al., 2021). Radiology technicians are empowered by AI support for lung nodule 

detection, which frees radiologists from performing intricate interpretations (Ritchie et 

al., 2016). 

 

3.2 Reducing reading time and workload 

 

By cutting down on the time needed to interpret diagnostic images, AI also 

reduces the workload. The UK's radiology workforce grew by just 19% between 2013 

and 2018, despite CT and MRI exam volumes increasing by more than 50% during that 

time (Radiologists, 2018). The need for solutions that lessen workload and burnout is 

highlighted by this disproportionate growth.  

Image analysis is streamlined by computer-aided detection (CAD) systems. 

According to studies, CAD tools improve efficiency overall by reducing reading time for 

normal cases and slightly increasing it for abnormal ones (Rodríguez-Ruiz et al., 2019). 

Specialised processing techniques, such as vessel suppression on CT thorax, can reduce 

reading times for pulmonary metastasis detection by 21% (Martini et al., 2021). 

Furthermore, inter-reader variability and manual labour are decreased by automated 

quantification of features such as brain volumes or nodules (Kim et al., 2018). In pediatric 

radiology, AI-based bone age prediction tools are extensively used, greatly increasing the 

speed and accuracy of hand radiograph interpretation (Kim et al., 2017). 

 

3.3 Facilitating early detection 

 

For better results, especially in acute conditions like stroke, early diagnosis is 

essential. AI often expedites this process due to its ability of quicker analysis. Rapid CT 

and CTA image analysis can notify radiologists and intervention teams of important 

findings like haemorrhages or large vessel occlusions. According to preliminary data, AI 

may shorten hospital stays and cut down on the time between imaging and intervention 

(from 281 to 243 minutes) (Hassan et al., 2020).  
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AI also helps with radiological worklist prioritisation according to urgency. 

Simulation studies indicate that the implementation of AI triage systems reduced 

turnaround times for critical findings (Baltruschat et al., 2021) and a commercial 

algorithm decreased intracranial haemorrhage reporting delays from 16 to 12 minutes per 

positive case (O’neill et al., 2020). Beyond acute care, AI facilitates proactive treatment 

for diseases like cancer and osteoporosis by enabling the early detection of incidental 

findings on routine scans, such as lung nodules or vertebral fractures (Dagan et al., 2020). 

 

3.4 Reducing radiation dose and contrast media 

 

AI helps reduce radiation and contrast media, which is especially helpful for 

paediatric imaging, where exposure must be kept to a minimum. It is possible through 

advanced reconstruction algorithms. High-quality images at reduced or even zero 

radiation doses are made possible by deep learning technologies, which enhance image 

reconstruction (Alshamrani & Offiah, 2020; Qin et al., 2019). An innovative application 

involves using AI to create CT-like images from MRI for sacroiliac joint assessment, 

which helps retain diagnostic accuracy without exposure to the impacts of radiation dose 

(Elhaie et al., 2025). 

 

3.5 Increasing diagnostic precision 

 

By raising the sensitivity and specificity of imaging studies, about half of the 

commercially available AI tools in radiology seek to increase diagnostic precision 

(Chilamkurthy et al., 2018). Long used in radiology, CAD systems help by highlighting 

possible findings with probability scores and bounding boxes. Augmentation is their 

strong pursuit; the effectiveness of these tools is found in the synergy between the 

radiologist and AI. For example, AI-supported bone age assessment greatly increased 

accuracy compared to conventional techniques (Kim et al., 2017). Research demonstrates 

that AI-assisted knee analysis increases inter-reader agreement and diagnostic accuracy 

for osteoarthritis (Nehrer et al., 2021). 
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3.6 Enabling personalized diagnostics 

 

By customising diagnostics based on individual data, such as genomics, imaging 

biomarkers, and demographics, AI helps to advance personalised medicine. Targeted 

testing and treatment are made possible by this precision approach, which enhances 

results and maximises resource utilisation. 

This shift is mirrored in clinical applications. In neurology, decisions about 

whether to proceed with invasive Alzheimer's disease testing have been guided by AI-

derived brain volume metrics, which have reduced needless procedures while preserving 

diagnostic performance (Rhodius-Meester et al., 2020). In thyroid nodule management, 

AI improved thyroid nodule risk stratification, thereby reducing the number of needless 

biopsies (Lu et al., 2019). For breast screening, automated breast density classification 

aids in personalised screening methods. Implementing supplemental imaging for women 

with denser breast tissue significantly decreased interval cancers (Bakker et al., 2019). 

While there are currently few commercial products that integrate genomic and clinical 

data with imaging AI, this integration has great potential to improve diagnostic 

personalisation. 

 

4 AI IN PERSONALISED MEDICINE AND DRUG DISCOVERY 

 

By enabling a more accurate, data-driven, and patient-centric approach to 

healthcare, artificial intelligence (AI) is propelling a paradigm change in both drug 

development and personalized treatment. The incorporation of cutting-edge AI 

algorithms is drastically altering the conventional drug development approach, which is 

frequently characterized by exorbitant expenses, protracted schedules, and high attrition 

rates. These tools can create new chemicals, predict molecular interactions, evaluate 

complex biological data, and customize therapy regimens based on each patient's unique 

traits. Consequently, AI is accelerating biomedical research and enabling safer, more 

effective, and patient-specific therapies. 
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4.1 Predicting protein structure and molecular design 

 

Developing effective therapeutic agents and finding promising drug targets 

requires a thorough understanding of protein structure and function. Traditional 

experimental methods struggle to scale effectively to the large number of medically 

relevant proteins. AI, especially DL, has transformed structural biology. Notably, 

DeepMind's AlphaFold model, a deep neural network trained on enormous protein 

datasets, has shown impressive performance in predicting the three-dimensional 

conformations of proteins from their amino acid sequences (Yang et al., 2023). This is a 

significant advancement in computational biology, providing structural insights that were 

previously only possible through time-consuming and difficult experiments. 

AI is currently essential in the early stages of drug creation, going beyond 

structural predictions. Generative AI methods like variational autoencoders (VAEs), 

generative adversarial networks (GANs), and reinforcement learning can produce new 

chemical entities with optimal binding affinity, solubility, and bioavailability. These 

methods develop molecules that meet certain pharmacokinetic and pharmacodynamic 

characteristics by exploring vast chemical regions in silico. By drastically cutting down 

on the time and expense involved in conventional drug screening and optimization efforts, 

this AI-driven method enables a quicker transition from hit discovery to preclinical 

development (Tang et al., 2024). Integration with molecular docking simulations further 

enhances the accuracy of predicting compound-target interactions. 

 

4.2 AI-enhanced computational pharmacology 

 

AI offers strong tools for simulating and analyzing the pharmacological 

characteristics of potential drugs in the field of computational pharmacology. It used to 

take a lot of laboratory work to comprehend a compound's absorption, distribution, 

metabolism, excretion, and toxicity (ADMET) profiles. ML models can now predict these 

parameters with a growing degree of accuracy, because they are trained on extensive 

datasets that include chemical structures, bioactivity data, and clinical trial results (Liao 

et al., 2025). 
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AI also powers virtual screening, which compares millions of chemical structures 

to biological targets to identify high-potential hits. Furthermore, it enables the modelling 

of polypharmacology, the interaction of a drug with multiple targets, which is crucial for 

treating complex illnesses like cancer and neurodegenerative diseases. By discovering 

common molecular pathways across many illnesses, AI is also assisting in drug 

repurposing. These apps can significantly reduce the time from bench to bedside and help 

with more effective resource use. 

 

4.3 AI in personalized healthcare 

 

A future in which treatment plans are customized to each patient's particular 

biological and environmental profile is being ushered in by the confluence of AI and 

personalized medicine. This approach moves beyond a "one-size-fits-all" strategy to use 

data-driven insights for improved outcomes and to reduce side effects. 

 

4.3.1 Precision healthcare and genomic analysis 

 

The analysis of genetic data is one of the most exciting uses of AI in personalized 

healthcare. AI-powered genomic classifiers in cancer are assisting in patient stratification 

for targeted treatments according to the molecular signature of their malignancies 

(Johnson et al., 2021), which are useful in identifying mutations. Additionally, AI 

systems can create a multifaceted profile of the patient by combining genomic data with 

lifestyle data, environmental exposure, and longitudinal electronic health records (EHRs). 

This aids in the creation of more individualized and accurate therapeutic interventions 

(Khan et al., 2026). 

 

4.3.2 AI-guided treatment optimization 

 

AI is also essential to clinical decision support systems (CDSS) because it 

provides recommendations for treatments based on solid evidence. These systems employ 

ML to analyze past patient results to forecast the effectiveness of various treatment 

approaches for a given patient. For example, in chronic disease management, AI may 
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instantly modify treatment regimens in response to physiological changes and continually 

monitor patient data. Because these systems automate regular decision-making processes, 

they not only increase patient adherence and satisfaction but also lessen the workload for 

healthcare personnel (Parekh et al., 2023). 

 

4.4 Recent developments 

 

Recent advancements in AI applications have significantly broadened the fields 

of personalized medicine and drug discovery. The introduction of AlphaFold3 marks a 

substantial advancement in molecular modeling capabilities by modelling dynamic 

biomolecular interactions (Abramson et al., 2024), which are essential for understanding 

the mechanisms of action of drugs and off-target effects. 

AI is currently being extensively utilized to create treatment plans tailored to each 

patient by combining data from wearable technology, multi-omics platforms, clinical 

trials, and empirical evidence (Khan et al., 2026; Ooka, 2025). Furthermore, AI is helping 

to create adaptive clinical trial designs, which employ ongoing data analysis to adjust trial 

parameters (Badani et al., 2025). This approach improves biomedical research efficiency 

and ethical standards. 

 

5 AI IN SURGERY AND MEDICAL ROBOTICS 

 

In the field of surgery, AI has become a revolutionary force that has greatly 

improved the accuracy, effectiveness, and safety of both simple and intricate operations. 

The combination of AI with sophisticated medical robots has opened up new possibilities 

in the operating theater by enabling autonomous interventions and AI-driven 

intraoperative decision-making in robotic-assisted surgical devices. Beyond providing 

physical support, AI has an influence on preoperative planning, real-time guiding, 

postoperative evaluation, and the ongoing development of surgical abilities through 

machine learning and data analytics. The primary areas where artificial intelligence is 

transforming contemporary surgical practice are examined in this section. 
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5.1 AI-enhanced robotic surgery systems 

 

AI has greatly accelerated the development of robotic-assisted surgery by further 

extending its capabilities beyond those of classical laparoscopy. A noteworthy example 

is the da Vinci Surgical System (Knudsen et al., 2024), which provides more flexibility 

and stability, and three-dimensional magnified views of the surgical area and instruments 

that replicate the motions of a human wrist. 

AI algorithms integrated into these devices help to lower intraoperative variability 

and surgeon burden by automating repetitive and intricate procedures like tissue 

dissection, knot tying, and suturing (Iftikhar et al., 2024). Furthermore, ML models can 

be trained on thousands of surgical operations to enable the robot to predict surgical stages 

and give the surgeon haptic feedback or warnings, increasing reliability and safety. AI-

powered devices assist with tremor filtration and motion scaling, allowing for incredibly 

precise motions in sensitive anatomical areas (Yuan et al., 2025). 

 

5.2 Surgical navigation using computer vision 

 

Real-time intraoperative navigation relies heavily on computer vision, a crucial 

branch of artificial intelligence, which processes visual information from endoscopes, 

microscopes, and imaging modalities. AI-powered computer vision systems can help with 

landmark identification during operations, highlight important areas, and precisely 

identify and segment anatomical structures (Mascagni et al., 2022). This capacity lessens 

the cognitive strain on surgeons by providing improved visual context for intraoperative 

decision-making. 

These vision-based tracking systems offer a less invasive and more effective 

alternative to traditional trackers, providing dynamic adaptability to tissue deformation 

and tool placement even in intricate or difficult-to-reach anatomical locations (Yang & 

Etsuko, 2020). A key application is the fusion of real-time imaging with preoperative 

scans (like CT or MRI) to produce enhanced navigational views for complex procedures, 

including spine surgeries, neurosurgery operations, and tumor resections. 
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5.3 AI-powered remote and minimally invasive procedures 

 

The combination of artificial intelligence (AI) with minimally invasive surgery 

(MIS) has significantly improved patient safety and recovery. AI helps with anatomical 

mapping, tissue recognition, and instrument navigation, which minimizes the need for 

major incisions and shortens hospital stays. Sophisticated segmentation algorithms can 

accurately discriminate between different kinds of tissue, enabling precision cutting and 

cauterization to minimize collateral damage (Vives-Boix & Ruiz-Fernández, 2021) 

AI-driven telesurgical platforms are a transformative development, enabling 

expert surgeons to operate remotely using robotic devices. These developments have 

significant ramifications for fair access to healthcare, particularly in underprivileged or 

rural areas with limited access to specialists (Siddig et al., 2023). In addition to increasing 

accessibility, AI-enabled remote surgery offers platforms for international surgical 

training, enabling cross-border real-time mentoring and procedural demonstrations. 

 

5.4 Prospects for the future: autonomous surgery assisted by AI 

 

The development of AI-driven autonomous surgical systems is a quickly 

developing frontier in this field. These systems use computer vision, imitation learning, 

and reinforcement learning to learn from large surgical video collections and model 

intricate decision-making (Kitaguchi et al., 2022; Wah, 2025). Initial prototypes have 

shown encouraging outcomes when performing simple surgical procedures like suturing 

or incision planning on their own under carefully monitored circumstances. 

Although completely autonomous operations are not currently common in clinical 

settings, ongoing advancements point to a day when AI will be able to do repeated or 

routine surgical procedures with reliability, freeing up human surgeons to concentrate on 

more difficult patient care and decision-making. Additionally, these developments could 

result in standardized surgical procedures, which would lower inter-surgeon variability 

and enhance results worldwide. However, to ensure responsible deployment, strong 

safety procedures, regulatory oversight, and ethical considerations will be essential (Wah, 

2025). 
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5.5 Current developments 

 

The incorporation of mixed reality and augmented reality (AR) into surgical 

procedures is growing, with systems designed to project precise, real-time, three-

dimensional visualizations of patient anatomy straight into the surgeon's field of vision 

(Chytas & Nikolaou, 2021). These are particularly useful in treatments involving the 

craniofacial region, orthopaedics, and neurosurgery. 

Furthermore, AI-based surgical analytics tools are now used to evaluate both 

during and after procedures. By monitoring important performance metrics, including 

tool trajectory, motion efficiency, and decision-making patterns, these systems offer 

feedback that aids in technique improvement and the education of future surgeons. As 

they develop, these systems are expected to detect training gaps, facilitate ongoing quality 

improvement, and even anticipate surgical complications. 

 

6 DO ROBOTS PERFORM BETTER THAN HUMAN PHYSICIANS? 

 

The increasing use of artificial intelligence (AI) in clinical settings has generated 

intense discussion on whether AI systems can perform better than human doctors, 

especially in diagnostic radiology. Due to its naturally data-rich and pattern-driven 

character, radiology has become a major sector for AI applications. This section critically 

examines the strengths and limitations of AI-based diagnostic systems in comparison to 

human expertise. 

 

6.1 Diagnostic proficiency and pattern identification 

 

Human radiologists possess extensive medical training, clinical context 

awareness, and cognitive flexibility that allow them to interpret subtle features in 

diagnostic images with high levels of accuracy. Their expertise facilitates the integration 

of imaging findings with patient history, differential diagnoses, and imaging anomalies, 

including contextual and temporal patterns (Alshqaqeeq et al., 2020; LeCun et al., 2015). 

However, recent advances in machine learning, especially deep convolutional 

neurais networks (CNNs), have enabled AI systems to match or exceed human-level 
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performance in specific diagnostic tasks. Trained on large datasets, these systems 

recognise patterns associated with various pathological conditions, including lung 

nodules, breast lesions, brain tumors, and retinal disorders. In controlled studies, AI 

models have demonstrated diagnostic accuracy on par with, or even superior to, 

radiologists in identifying certain conditions, such as diabetic retinopathy, pneumonia on 

chest X-rays, and skin cancers (Raina et al., 2007; Wang & Vasconcelos, 2021). These 

capabilities stem from the AI’s ability to process vast amounts of data at once, detect 

patterns invisible to the human eye, and apply consistent interpretation criteria without 

fatigue. Additionally, AI systems do not suffer from human biases or fatigue-related 

errors, offering consistent objectivity in high-volume environments. 

 

6.2 Processing speed and integration challenges 

 

The relative slowness of knowledge dissemination is one significant drawback of 

human radiologists. Diagnostic reports transmit data at a rate of only a few bits per second 

(Borgli et al., 2019). AI systems, on the other hand, provide a notable speed and 

scalability advantage due to their ability to process and transmit enormous volumes of 

data almost instantly. However, human expertise is required to manage the variety of 

imaging data, variations in anatomical presentation and pathological expression, 

necessitating a thorough comprehension of imaging physics and clinical context, which 

calls for years of training (Bradshaw et al., 2023). 

 

6.3 The specialization of current AI tools 

 

Although recent developments in AI have made it possible to create specialised 

tools that can identify particular pathological features, no single AI model can currently 

provide thorough detection across all diseases and imaging types. Clinical practice relies 

on a variety of AI tools, each tailored for a specific use case, such as bone age estimation 

or lung nodule detection(Coppola et al., 2021; Jun-Yong et al., 2020). Although it is still 

difficult to develop fully generalised AI in radiology, specialised systems have already 

shown promise in lowering diagnostic errors, standardising reporting, and enhancing 
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patient outcomes. Effective use requires radiologists to learn how to use these tools and 

be proficient in them. 

 

6.4 Parameter efficiency vs. neural complexity 

 

A fundamental distinction exists in the underlying architecture. A high degree of 

adaptability, perceptual nuance, and decision-making flexibility is made possible by the 

roughly 80 trillion synaptic connections that make up the human brain. In contrast, even 

the most sophisticated AI models use roughly 3 trillion parameters, optimised for 

processing large amounts of data quickly (Figure 2) (Jun-Yong et al., 2020). This contrast 

draws attention to a crucial difference: AI is more efficient and reproducible when 

working with structured data, whereas humans provide rich contextual understanding and 

flexible reasoning. 

 

Figure 2 

Detailed comparison of human radiologists and AI models, emphasizing the unique 

strengths each brings to medical imaging tasks (Jun-Yong et al., 2020) 
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6.5 Toward a collaborative future 

 

A collaborative approach seems more feasible than considering AI as a substitute 

for radiologists. The contemporary strengths of each are summarized in Figure 2. AI can 

help doctors by increasing diagnostic throughput, prioritising urgent cases, and 

optimising workflows.  

AI models outperform radiologists in processing vast amounts of data rapidly, and 

exhibit high consistency, performing consistently across datasets and maintaining 

precision without the effects of fatigue or bias (Tran et al., 2020). Radiologists offer 

reliability because their work is frequently subject to slight variability due to factors like 

fatigue and cognitive biases. Although AI models may not be as good at capturing 

nuances as humans, their high consistency makes them appropriate for tasks requiring 

repetitive accuracy. Radiologists offer flexibility, depth of perception, and experience, 

though their work is frequently subject to slight variability due to factors like fatigue and 

cognitive biases, and operates at a moderate pace. AI models are incredibly fast, but 

complex results frequently need human confirmation (Hasani et al., 2022). 

These advantages collectively imply that the most thorough and successful course 

forward in medical imaging diagnostics may be provided by an integrated strategy that 

blends human insight with AI efficiency. 

 

7 IS THE JOB OF A RADIOLOGIST OR RADIOGRAPHER AT RISK? 

 

Important concerns regarding the future roles of radiologists and radiographers 

have been brought up by the growing integration of AI into diagnostic imaging. While AI 

excels at specific tasks, human input, especially in the areas of perception, flexibility, and 

clinical judgment, remains crucial (Centeno-Telleria et al., 2021; Jiang et al., 2024; Kaur 

& Singh, 2023; Kim & Kim, 2020; Rajbhandari et al., 2020).  

 

7.1 The evolving role of the radiologist 

 

While AI systems are remarkably effective at processing structured data, 

identifying patterns, and quickly analysing images, radiologists make a unique 
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contribution with their contextual interpretation, multimodal clinical data integration, and 

nuanced reasoning in areas where AI is still lacking (Gill et al., 2023; Kim & Kim, 2020; 

Rashid & Kausik, 2024). This human cognitive advantage stems from biological 

complexity; with about 80 trillion synaptic connections, the human brain allows for high 

perceptual adaptability and dynamic reasoning. In contrast, leading AI models run with 

about 3 trillion parameters (Table 1) and rely on curated datasets and sophisticated 

training (Busby et al., 2018; Dujmović et al., 2020; Maguire et al., 2016; Tee et al., 2022; 

Waqas et al., 2023). 

AI can even surpass human experts in specific, repetitive tasks and is immune to 

cognitive bias and fatigue (Centeno-Telleria et al., 2021; Ji et al., 2019; Kaur & Singh, 

2023; Kim & Kim, 2020; Pfob et al., 2022; Rajbhandari et al., 2020). Consequently, 

expanded responsibilities in supervision, quality control, interdisciplinary teamwork, and 

the moral application of AI in healthcare systems are anticipated for radiologists (Recht 

et al., 2020). 

 

7.2 The evolving role of the radiographer 

 

Potential disruptions also affect radiographers, who are essential to the acquisition 

of high-quality diagnostic images, patient positioning, protocol optimisation, and 

radiation safety. AI is becoming more and more capable of automating positioning, 

helping with image acquisition, and instantly identifying technical issues. Therefore, their 

role shifts towards supervisory roles in technical validation, patient-centered imaging 

care, and AI-assisted imaging workflows.  

 

7.3 Synthesis: a complementary future 

 

Table 1 shows how radiologists, radiographers, and AI models in medical imaging 

are similar and different. It highlights that radiologists and radiographers are good at 

adapting to new situations and talking to patients, but AI is better at being fast, consistent, 

and resistant to fatigue. This table clarifies distinct workflow contributions: Radiologists 

oversee making diagnoses, radiographers are in charge of taking care of patients, and AI 

is in charge of support and automation.  
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Table 1 

A Comparison of the Traits of Radiologists, Radiographers, and AI Models in Medical 

Imaging Workflows  

Factor Radiologists Radiographers AI Models 

Data Processing Volume Moderate Low High 

 

Neural Connections (Tn) 

~80 ~80 ~3 

Adaptability High High Low 

Pattern Recognition High Moderate Moderate 

Consistency Moderate Moderate High 

Speed of Analysis Moderate Moderate High 

Fatigue Resistance No No Yes 

Bias Resistance No No Yes 

Requires Training Tuning No No Yes 

Patient Interaction Low High None 

Role in Workflow Diagnostic & 

Oversight 

Image Acquisition & Patient 

Care 

Support/Automation 

 

This shows that AI is useful as an extra tool, not as a replacement for human 

knowledge. Maintaining essential human components of diagnostic imaging while 

incorporating AI into clinical practice will require constant learning and skill 

development. 

 

8 CONCLUSION 

 

This review shows how artificial intelligence could change the field of radiology 

by making diagnoses more accurate, speeding up workflows, and allowing for more 

personalized care for patients. Technologies like computer-aided diagnosis, automated 

image segmentation and classification, radiomics, and predictive analytics are all making 

big changes to the future of medical imaging. However, significant challenges remain, 

including data privacy, algorithmic transparency, and the ability to understand deep 

learning models. For AI to reach its full potential in radiology, radiologists, AI 

developers, healthcare providers, patients, and policymakers will need to work together 

over a long period of time. Success requires getting the medical workforce ready for an 

AI-enabled world, making sure that AI is used ethically, and turning research 

breakthroughs into tools that are useful in the clinic. Ultimately, progress depends not 

only on technology but on a strong commitment to putting patients first, being open, and 
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working together. With this foundation, AI is likely to greatly improve diagnostic 

medicine and change the way healthcare is delivered in the future. 
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