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detection, dental medicine, brain tumor database management, and personalized treatment KEYWORDS

planning. Al technologies such as machine learning and deep learning have enhanced Artificial intelligence;
diagnostic accuracy, improved data management, and facilitated personalized treatment cancer detection; brain
strategies. In cancer detection, Al-driven imaging analysis aids in early diagnosis and precise tumour databases; dental
treatment decisions. In dental healthcare, Al applications improve oral disease detection, healthcare; personalized
treatment planning, and workflow efficiency. Al-powered brain tumor databases streamline treatment planning
medical data management, enhancing diagnostic precision and research outcomes.

Personalized treatment planning benefits from Al algorithms that analyze genetic, clinical, and

lifestyle data to recommend tailored interventions. Despite these advancements, Al integration

faces challenges related to data privacy, algorithm bias, and regulatory concerns. Addressing

these issues requires improved data governance, ethical frameworks, and interdisciplinary

collaboration among healthcare professionals, researchers, and policymakers. Through

comprehensive validation, educational initiatives, and standardized protocols, Al adoption in

healthcare can enhance patient outcomes and optimize clinical decision-making, advancing

the future of precision medicine and personalized care.

PLAIN LANGUAGE SUMMARY

This article explores how artificial intelligence (Al) is being used to improve healthcare. Al can
analyze large amounts of data quickly, helping doctors detect diseases earlier, plan treatments
more accurately, and manage patient records more efficiently. It is particularly useful in cancer
diagnosis, dental health, brain tumor analysis, and personalized treatment planning. For
example, Al tools can examine medical images to spot tumors or oral issues that may be
missed by the human eye, and machine learning algorithms can suggest treatment options
based on a patient’s unique history and health data. The study highlights successful
applications of Al, such as using advanced image recognition to identify cancer, optimizing
dental procedures, and improving brain tumor classification. Despite these benefits, challenges
remain. These include concerns over data privacy, the fairness and transparency of Al decisions,
the need for high-quality training data, and ensuring that medical professionals are trained to
use Al effectively. The authors recommend stronger ethical guidelines, better education for
healthcare workers, and improved validation of Al systems. With ongoing research and careful
integration, Al has the potential to make healthcare more precise, efficient, and personalized,
ultimately improving outcomes for patients and supporting doctors in delivering high-quality
care.
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« Comprehensive Review of Al in Healthcare: This paper presents an in-depth analysis of Al
applications across major medical domains, including cancer detection, dental healthcare,
brain tumor management, and personalized treatment planning.

» Advanced Al Models and Techniques Explored: Cutting-edge Al architectures such as CNNs,
SqueezeNet, InceptionResNet-V2, CR-Net, and the Modified Whale Optimization Algorithm
are evaluated for their roles in improving diagnostic accuracy and treatment outcomes.
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- Enhanced Diagnostic Capabilities: Al technologies are shown to significantly improve early
disease detection and classification accuracy, particularly in oncology and dental medicine,
with accuracy rates exceeding 95% in some studies.

+ Development of Al-Driven Medical Databases: The use of Al in creating and managing
brain tumor databases enables more accurate tumor localization, segmentation, and
classification, supporting both clinical decision-making and research.

« Personalized Medicine and Predictive Analytics: Al facilitates tailored treatment planning by
analyzing genetic, clinical, and lifestyle data, enhancing therapeutic precision and
patient-specific interventions.

+ Ethical and Practical Challenges Addressed: The study highlights ongoing concerns with
data privacy, algorithmic bias, model explainability, and regulatory compliance, while
proposing strategies for ethical Al integration into clinical workflows.

1. Introduction

ArTIFICIAL intelligence (Al) refers to the simulation of human intelligence processes by machines, especially
computer systems. These processes include learning (the acquisition of information and rules for using it),
reasoning and self-correction [1]. Al can be categorized into narrow Al, which is designed for a particular task,
and general Al, which aims to mimic human cognitive abilities across a wide range of tasks. In the context of
the Fourth Industrial Revolution (IR4.0), artificial intelligence (Al) is indispensable due to its trans formative
capabilities across different industries [2]. Al enables the automation of tasks, leading to enhanced efficiency
and productivity in a digitalized and interconnected landscape. By analyzing vast amounts of data collected
from sensors and loT products, Al provides valuable insights that inform strategic decision-making and drive
innovation. Data collected from sensors and loT (Internet of Things) products are vast and complex due to
the sheer volume, variety, and velocity at which they are generated [3,4]. These data streams encompass
diverse types of information, ranging from environmental conditions and equipment status to user interac-
tions and preferences which required precise data analysis to enable a better decision making [5-8].
Additionally, loT devices continuously produce data in real-time, creating a constant flow of information that
traditional analytic methods struggle to handle effectively [9-12]. Hence, Al is indispensable for analyzing this
wealth of data and deriving actionable insights because it can efficiently process and interpret complex pat-
terns and correlations that may not be apparent to human analysts [1]. By leveraging Al algorithms, organi-
zations can uncover hidden trends, predict future events, and make data-driven decisions in real time, thereby
maximizing operational efficiency, optimizing resource utilization, and enhancing overall performance in an
organization [5-7]. Hence, Al facilitates personalization by tailoring experiences based on individual prefer-
ences, thereby improving the quality of customer services especially in industry where it revolves around
human wellbeing.

One of the key industries centered around human wellbeing is the healthcare industry where Al application
is revolutionizing industry, specifically in medical diagnosis by using smart medical devices (loT) to collect
real-time patient data, which Al then analyzes to detect patterns, predict diseases, and assist doctors in mak-
ing faster, more accurate diagnoses. The incorporation of Al technologies in the healthcare sector has shown
substantial enhancements in effectiveness, precision, and patient results [13]. Artificial intelligence (Al) tools are
becoming more commonly utilized in medical diagnosis and pathology, streamlining tasks with enhanced
velocity and accuracy. These advancements have indeed resulted in the transformation of healthcare systems,
improving efficiency, quality, and patient care. Al is used in medical diagnosis in different fields like radiology,
pathology, ophthalmology, and oncology [14]. Artificial intelligence (Al) is crucial in predicting diseases by
using extensive datasets to detect patterns and risk factors. This allows for proactive interventions to be imple-
mented. In addition, diagnostic tools driven by artificial intelligence improve the precision and effectiveness
of identifying a wide range of conditions, including both common ailments and rare diseases.

In addition to diagnosing medical conditions, Al speeds up the process of discovering new drugs by quickly
screening molecules and optimizing treatment plans. The increasing dependence on Al technologies in health-
care is apparent, as Al models consistently attain or exceed human performance levels in medical tasks. Al has
a wide-ranging impact that encompasses diagnosis, treatment, and patient management, covering everything
from prevention to after-care. Although there has been significant advancement, the ethical concerns for a
strong legal structure. Ensuring the responsible and ethical integration of Al technologies in medical diagnosis
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and beyond is crucial as Al continues to revolutionize healthcare delivery. This review explores the revolution-
ary application of Al, emphasizing its significant influence on medical diagnostics and the delivery of health-
care. Figure 1 depicts a few main applications of artificial intelligence (Al) in the healthcare industry.

Al has demonstrated its indispensability in various healthcare scenarios, such as result analysis, disease
treatment, and patient outcome prediction, hence it is embedded in healthcare services to enable more effi-
cient methods for cancer detection, enable the development of extensive healthcare databases, enable opti-
mum personalized treatment planning and providing a better healthcare service particularly in dental care
[15]. Al systems also have been extensively studied and researched in various fields such as prevention, diag-
nosis, drug design, and after-care. The incorporation of artificial intelligence (Al) technologies in healthcare
systems has fundamentally transformed the approach that medical professionals take toward diagnosis, treat-
ment, and patient care. Over the past few years, there has been a growing focus on incorporating Al into
medical diagnosis, resulting in significant advancements in the field. Al tools have played a crucial role in
identifying and diagnosing medical conditions at an early stage, creating treatment plans, and predicting the
outcomes of various diseases. The significance of domain expertise in establishing user trust and the value of
initial interactions with intelligent systems have been highlighted, emphasizing the requirement for seamless
integration of Al models to aid end-users in accomplishing their objectives.

Despite the significant advancements in the integration of Al within the healthcare sector, it is crucial to
recognize the persistent challenges and ethical considerations that must be addressed to ensure its responsi-
ble and effective implementation. One of the primary concerns revolves around the ethical and legal implica-
tions of deploying Al-driven technologies in medical diagnosis and treatment. The potential risks associated
with patient confidentiality, data privacy, and the security of sensitive medical information remain pressing
issues, as Al systems often rely on vast amounts of personal health data for training and decision-making. The
possibility of data breaches, unauthorized access, or misuse of patient records underscores the importance of
implementing robust cybersecurity measures and stringent data protection protocols. Additionally, the ethical
concerns surrounding Al decision-making, such as algorithmic bias, accountability, and transparency in
Al-generated diagnoses, raise questions about trust and reliability in clinical settings. To address these chal-
lenges, there is a growing need for well-defined ethical guidelines and a comprehensive legal framework that
governs the development, deployment, and regulation of Al applications in healthcare. Establishing clear

Figure 1. Primary uses of artificial intelligence (Al) in the healthcare industry. This schematic illustrates the key applications
of Al technologies within healthcare, including cancer detection, dental healthcare, brain tumor database management, and
personalized treatment planning. Each application is highlighted with a representative icon and brief description to demon-
strate the diversity of Al implementations across diagnostic, treatment, and data management functions.
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policies and regulations can help mitigate risks, ensure compliance with patient rights, and foster the ethical
use of Al in medical diagnosis, ultimately enhancing patient trust and safety in Al-driven healthcare solutions
[16]. Henceforth, this review paper aims to provide a comprehensive overview of the development of Al in
enhancing medical diagnosis within the healthcare industry while also discussing the existing challenges and
prospects of Al in medical diagnosis. This study adopts a narrative literature review approach to examine the
applications, challenges, and future directions of Al in medical diagnostics. Relevant literature was identified
through peer-reviewed journals, recent systematic reviews, and clinical studies spanning 10years from 2016 to
2025, focusing on high-impact areas such as cancer detection, dental healthcare, brain tumor management,
and personalized treatment planning. Articles were selected based on their relevance to the theme of Al inte-
gration in medical diagnostics and their contribution to understanding technological, clinical, and ethical
implications. The literature was synthesized thematically across domains, highlighting key applications, Al tech-
niques employed, clinical benefits, and associated challenges. The review was collaboratively conducted by
multiple authors, each contributing to data curation, analysis, and validation.

2. Al detection for cancer detection

The integration of Al technology, particularly machine learning and deep learning, has significantly enhanced
the accuracy and efficiency of cancer diagnosis. Al is widely used across various domains in oncology, includ-
ing medical imaging analysis, disease diagnosis, and risk prediction, leading to improved early detection and
treatment outcomes as shown in Table 1. Research has demonstrated Al’s effectiveness in diagnosing multiple
types of cancer, such as breast, lung, colorectal, and gastric cancer, showcasing its broad applications in
oncology.

A key area where Al has been instrumental is medical imaging, where it aids in the identification and clas-
sification of cancerous tissues, such as colorectal polyps, leading to earlier and more precise interventions.
Furthermore, Al-driven radiomics and deep learning techniques have shown remarkable success in differenti-
ating parotid gland tumors, improving diagnostic accuracy and reducing misclassification. The application of
Al in magnifying narrow-band imaging for early gastric cancer detection further highlights its potential in
overcoming diagnostic challenges and enhancing patient outcomes.

Al has also played a pivotal role in optimizing decision-making for healthcare professionals by reducing
diagnostic errors and increasing efficiency [17,18]. Studies have shown that Al-assisted tools have significantly
lowered misdiagnosis rates in conditions such as metastatic breast cancer and colorectal cancer polyps, with
accuracy levels surpassing 98% [19]. These advancements not only improve patient survival rates but also
alleviate the workload on medical practitioners, enabling more precise and timely interventions.

Additionally, Al has demonstrated strong potential in lung cancer detection, with research supporting the
need for greater adoption of Al-driven diagnostic tools in clinical settings [20]. Al is not intended to replace
clinicians but rather to augment human intelligence, enhancing the speed, accuracy, and reliability of medical

Table 1. Example of different applications of Al in oncology.

Aspect

Al applications in cancer detection

Benefits

Medical Imaging Analysis
Disease Diagnosis

Risk Prediction

Tumor Classification
Histopathology
Predictive Analytics
Personalized Treatment

Clinical Workflow Automation

Al-powered image recognition in MRI, CT scans,
and mammography

Machine learning models analyzing pathology
slides and biomarkers

Al algorithms assessing genetic, lifestyle, and
environmental factors

Deep learning for precise tumor segmentation
and differentiation

Al-assisted digital pathology for analyzing tissue
samples

Al-driven models forecasting cancer progression
and recurrence

Al-powered decision support for selecting
targeted therapies

Al integration in radiology and oncology
workflows

Enhances early tumor detection and reduces
missed diagnoses

Increases diagnostic accuracy and speeds up
identification

Identifies high-risk patients for preventive
interventions

Improve accuracy in cancer staging and
treatment planning

Reduces human error and enhances efficiency
in diagnosis

Helps with timely and personalized treatment
decisions

Optimizes treatment effectiveness and
minimizes side effects

Reduces workload for healthcare professionals
and improves efficiency

This table outlines various aspects of Al application in cancer detection, including medical imaging analysis, tumor classification, and predictive ana-
lytics. For each aspect, the corresponding Al technique and its clinical benefit are detailed, showcasing how Al contributes to earlier diagnoses, per-
sonalized treatment, and workflow automation in oncology.
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diagnoses. As Al technology continues to evolve, its role in cancer detection and personalized treatment strat-
egies will become increasingly vital, revolutionizing the healthcare industry and paving the way for more
effective, data-driven medical care.

Furthermore, artificial intelligence (Al) has been investigated for its capacity to accurately diagnose colorec-
tal cancer using histopathology images. This research has shown that Al can deliver prompt and accurate
diagnoses [21]. Al technologies have been effectively utilized in healthcare diagnostics to assist in identifying
and describing colorectal polyps and other cancerous tissues [22]. In addition, Al has had a substantial impact
on the detection of gastric cancer, as evidenced by recent discussions on its implementation [23]. Furthermore,
Al has been investigated for its application in diagnosing diabetic nephropathy and prostate cancer, demon-
strating its versatility in various types of cancer diagnoses [24,25].

In addition, Al also has been employed in the early identification of pancreatic cancer and kidney cancer
[26]. Research has demonstrated the potential of using artificial intelligence (Al) to diagnose gastrointestinal
malignancies, particularly those affecting the upper gastrointestinal tract [27]. In addition, Al has been utilized
in the timely identification of pharyngeal cancer, showcasing its capability to detect tumors in many parts of
the body [28]. Integrating Al into a cancer screening program has demonstrated substantial promise in enhanc-
ing detection rates. Research has evaluated the efficacy of Al algorithms in simulated screening scenarios,
demonstrating their ability to accurately identify undetected and interval malignancies [29]. In addition, Al has
been utilized in extensive screening initiatives like as Breast Screen Norway to examine mammograms and
improve the identification of breast cancer instances [30]. Although Al has prospects for improving cancer
detection, some problems need to be addressed. One such challenge is the requirement to strike a balance
between Al-generated discoveries and conventional diagnostic techniques to provide thorough screening [31].
However, current research is dedicated to broadening the use of Al in the detection and diagnosis of cancer,
suggesting a positive outlook for the application of Al in the field of oncology [32].

Furthermore, another research in [33] expanded the usage of Al and advanced deep learning framework to
improve the accuracy and efficiency of multiclass skin cancer classification for cancer detection. The method-
ology integrates an ensemble of two pre-trained convolutional neural networks (CNNs), SqueezeNet and
InceptionResNet-V2, to extract diverse and complementary deep features from dermoscopic images. These
features are then fused to form a comprehensive feature set, which undergoes optimization through a Modified
Whale Optimization Algorithm (MWOA). The MWOA enhances the standard Whale Optimization Algorithm by
incorporating a quadratic decay function for dynamic parameter tuning and an advanced mutation mecha-
nism to prevent premature convergence, thereby improving the balance between exploration and exploitation
during the optimization process. The optimized features are subsequently classified using machine learning
classifiers to achieve robust performance. The framework was evaluated on two benchmark datasets, PH2 and
Med-Node, achieving state-of-the-art classification accuracies of 95.48% and 98.59%, respectively. Comparative
analyses demonstrated that the proposed method outperformed traditional optimization algorithms such as
Genetic Algorithm (GA), Particle Swarm Optimization (PSO), and Slime Mold Algorithm (SMA), as well as exist-
ing deep learning-based skin cancer classification models, which have reported accuracies ranging from 87%
to 94%. Despite its promising results, the study acknowledges certain challenges, including the reliance on
publicly available datasets that may not capture the full variability present in real-world clinical settings, and
the increased computational demands due to the ensemble of deep CNNs and the optimization process. The
researchers suggest that future work should focus on validating the model across diverse datasets and explor-
ing real-time clinical applications to enhance its generalizability and practical utility.

Moreover, another research in [34] addresses the efficiency of using Al and deep learning framework called
CR-Net, designed to enhance the accuracy and efficiency of colorectal cancer (CRC) segmentation in medical
imaging. The researchers address the challenges of precise tumor delineation by introducing a semantic net-
work that integrates multi-scale feature extraction and attention mechanisms. CR-Net employs a hierarchical
architecture that captures both global context and fine-grained details, facilitating more accurate segmenta-
tion of CRC lesions. The methodology involves training the network on annotated datasets, utilizing data aug-
mentation techniques to improve generalization, and implementing loss functions tailored to handle class
imbalance inherent in medical imaging data. Key findings demonstrate that CR-Net outperforms existing
state-of-the-art methods, achieving higher Dice similarity coefficients and Intersection over Union (loU) scores
on benchmark datasets. The experimental results highlight CR-Net’s robustness in handling variations in tumor
size, shape, and location, as well as its capability to generalize across different patient populations. However,
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challenges remain, including the need for large, annotated datasets to train deep learning models effectively,
potential overfitting due to limited data diversity, and the computational complexity associated with deploying
such models in clinical settings. The study underscores the importance of continued research into optimizing
network architectures and training strategies to overcome these limitations and facilitate the integration of
advanced segmentation tools into routine clinical practice

Henceforth, the integration of Al, particularly through machine learning (ML) and deep learning (DL), has
significantly enhanced cancer diagnosis by improving accuracy, facilitating early detection, and supporting
clinical decision-making. Al has demonstrated exceptional diagnostic performance across multiple cancer types,
including breast, lung, colorectal, gastric, and skin cancers. With reported accuracy rates exceeding 98% in
detecting conditions like metastatic breast cancer and colorectal polyps [19], Al has clearly established its
effectiveness. Its ability to identify complex patterns in imaging and histopathology data has contributed to
earlier diagnoses and more effective treatment planning, ultimately improving patient survival rates.

A key area of success for Al in oncology is medical imaging. Techniques such as radiomics and deep learn-
ing algorithms can identify features in medical scans that are beyond human perception. These applications
have enhanced cancer detection capabilities in challenging contexts, such as the segmentation of colorectal
tumors using CR-Net or the detection of early gastric cancer through magnified narrow-band imaging. Al has
also proven its utility in skin cancer classification, where ensemble models like SqueezeNet and
InceptionResNet-V2, combined with optimization algorithms such as the Modified Whale Optimization
Algorithm (MWOA) [33], have delivered state-of-the-art performance. These models outperform traditional
diagnostic approaches and conventional optimization algorithms, showcasing Al’s technical superiority and
potential for clinical deployment.

In terms of comparative advantages, Al excels in pattern recognition and high-dimensional data analysis,
giving it an edge over traditional diagnostic methods. Its versatility is evident in its application across a broad
range of cancers, from gastrointestinal to pharyngeal and pancreatic cancers. Moreover, Al can integrate mul-
timodal datasets, including imaging, genomics, and clinical data, making it a powerful tool for personalized
medicine. It also improves operational efficiency by reducing diagnostic errors, accelerating workflows, and
easing the burden on healthcare professionals. The incorporation of Al into large-scale screening programs,
such as Breast Screen Norway [30], further highlights its scalability and real-world applicability.

However, several limitations temper the current enthusiasm for Al in oncology. A significant concern is the
dependency on publicly available datasets that may not reflect the full variability and complexity found in
clinical practice. This lack of generalizability poses a risk of overfitting, where models perform well in con-
trolled environments but fail in real-world applications. Furthermore, deep learning models like CR-Net and
ensemble CNNs demand substantial computational resources, which may restrict their use in settings with
limited technical infrastructure. These models also require large volumes of annotated training data, which are
often difficult and costly to obtain.

Clinical validation and regulatory approval represent additional challenges. Many Al models have not yet
undergone robust prospective clinical trials, and their integration into routine care remains limited. Concerns
around transparency, accountability, and explainability of Al decisions contribute to clinician hesitancy, poten-
tially slowing adoption. Moreover, integrating Al into existing healthcare IT systems and workflows requires
significant planning, investment, and training. Resistance from healthcare professionals, due to fears of dimin-
ished autonomy or reliance on opaque algorithms, must also be addressed to ensure successful
implementation.

Despite these challenges, the clinical impact of Al in cancer diagnostics is significant and growing. Al offers
clear advantages in diagnostic precision, speed, and the capacity to process vast and complex datasets. lIts
ability to augment, rather than replace, human expertise makes it an invaluable tool in modern oncology. To
fully realize Al's potential, future research must focus on validating these technologies in diverse clinical set-
tings, improving model interpretability, and ensuring alignment with regulatory standards. In addition, devel-
oping scalable, resource-efficient models and promoting multimodal data integration will be key to enhancing
generalizability and clinical utility.

In conclusion, Al has revolutionized cancer detection and diagnosis by enhancing accuracy, enabling earlier
intervention, and streamlining clinical workflows. While technical and practical limitations remain, ongoing
research and development are steadily addressing these issues. With continued advancements, Al is poised to
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play an increasingly central role in oncology, paving the way for more personalized, data-driven, and effective
cancer care.

3. Al application for dental and oral healthcare

Dental medicine has greatly benefited from Al, which offers cutting-edge approaches to patient care, diagno-
sis, treatment planning and dental disorder detection as shown in Table 2. The potential of Al to improve
clinical decision-making, treatment outcomes, and dental practice operations is becoming more widely recog-
nized. Al tools, like deep learning models and machine learning algorithms, have been used to analyze radi-
ography pictures, identify oral illnesses, and support treatment suggestions [35]. Both dental practitioners and
patients now benefit from more accurate and effective dental diagnostics because of these developments.

Moreover, Al has revolutionized dental education by bringing virtual teaching models and immersive digital
tools to improve dental students’ learning experiences. By incorporating artificial intelligence (Al) into dentistry
education, schools can provide their students with personalized training modules, virtual simulations, and
interactive learning environments, which will improve their ability to retain knowledge and build clinical skills
[36]. Future dental professionals will be more prepared to use Al technology in their clinical practice thanks
to this integration, which also enhances the learning process. Al has had a major impact on dental medicine’s
ability to diagnose disorders and diseases of the mouth. Artificial intelligence (Al) has been used to develop
algorithms that can help diagnose dental cures, periodontal illnesses, and problems of the temporomandibular
joint early on. This allows for prompt interventions and individualized treatment programs. Artificial intelli-
gence (Al) systems can detect minute patterns and abnormalities in radiography images and patient data,
improving diagnosis precision and treatment results.

Al has also been instrumental in improving the interpretation of dental and maxillofacial radiography pic-
tures, which is important in the field of dental radiology. Dental experts can better accurately diagnose patients
and prescribe treatments by using Al algorithms for image segmentation and analysis. This allows them to
quickly spot anomalies such as maxillofacial cysts and soft tissue calcification. Al integration in dental radiog-
raphy leads to faster and more effective patient treatment by streamlining the radio graphic interpretation
process and increasing diagnosis accuracy. In the future, artificial intelligence in dentistry has enormous poten-
tial to improve patient care, diagnostics, and treatment planning. Dental professionals may expect increasingly
complex Al-powered tools and applications that optimize patient experiences, enhance clinical workflows, and
improve treatment outcomes as Al technologies advance. In a constantly changing healthcare environment,
adopting Al into dentistry practice allows practitioners to use data-driven insights, predictive analytics, and
personalized treatment suggestions to provide high-quality, patient-centered care. Significant advancements
and promise have been shown in the use of Al in dentistry to support illness prediction, diagnosis, and ther-
apy [37]. Machine learning and artificial neural networks are two examples of Al technologies that are actively
used in clinical prediction and therapy, demonstrating their efficacy in enhancing patient outcomes [38]. Al

Table 2. Example of different applications of Al in dental healthcare.

Aspect

Al applications in dental medicine

Benefits

Patient Care

Diagnosis

Treatment Planning
Dental Disorder Detection
Oral Cancer Detection
Endodontics
Orthodontics

Prosthodontics

Al-powered virtual assistants and chatbots for
patient inquiries and scheduling

Al-driven image analysis for detecting dental
caries, periodontal disease, and oral cancer

Al-based predictive analytics for orthodontic
treatment and prosthodontics

Machine learning models analyzing radiographs
and 3D scans to identify anomalies

Deep learning algorithms identifying malignant
lesions in oral scans

Al-based assessment of root canal morphology
and pathology

Al-assisted cephalometric analysis and prediction
of teeth movement

Al-powered CAD/CAM systems for designing
dental prosthetics

Enhances patient engagement and streamlines
appointment management

Improves early detection accuracy and reduces
diagnostic errors

Enables personalized treatment plans for better
outcomes

Speeds up diagnosis and aids in precision-based
treatment

Enhances early detection, leading to timely
intervention

Improves precision in root canal procedures and
treatment planning

Enhances treatment efficiency and orthodontic
outcomes

Ensures accuracy and customization in dental
restorations

The table summarizes the integration of Al in dental medicine across diagnostic, treatment planning, and educational contexts. It presents specific Al
functionalities—such as radiograph analysis, orthodontic prediction, and oral cancer detection—alongside the resulting improvements in patient
outcomes and clinical efficiency.
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has been effectively used in dental and maxillofacial imaging to diagnose dental disorders, classify diseases,
and automatically locate anatomical structures with encouraging outcomes [39].

Beyond dentistry, Al has also been heavily incorporated into oral healthcare. The integration of Al in
medical diagnostics, particularly in oral healthcare and oral cancer detection, presents a significant advance-
ment toward improving diagnostic accuracy and early detection capabilities. Recent studies illustrate various
Al methodologies used for diagnosing oral diseases and lesions, highlighting the considerable potential
these technologies possess. Al methodologies, particularly those involving deep learning and machine learn-
ing, have demonstrated effectiveness in the early detection of oral cancers. A systematic review indicated
the diverse applications of Al in oral cancer diagnosis, emphasizing deep learning networks for analyzing
histopathologic images. These methods significantly enhance the identification of premalignant lesions and
oral cancers, enabling timely interventions Warin et al. further noted the effective utilization of deep convo-
lutional neural networks to analyze oral lesions, showcasing their capability in early oral cancer detection,
with implications for clinical practices [40]. Moreover, Al applications enhance imaging techniques that are
fundamental to oral cancer diagnosis. Al has improved the processing of cone beam computed tomography
(CBCT) images, facilitating accurate predictions of tumor boundaries. For example, one study demonstrated
that Al frameworks could analyze natural images and fluorescence imaging for early signs of oral tumors,
achieving superior prediction accuracies compared to traditional methods [41]. The role of Al in image clas-
sification is vital for the detection of oral potentially malignant disorders (OPMDs). Research indicates that
Al-driven tools can exceed human capabilities in identifying various oral cancers via photographic image
analysis, supporting broader screening initiatives, particularly in areas lacking expert clinicians. These find-
ings suggest that Al has the potential to democratize access to oral cancer diagnostics, which can improve
outcomes for many patients globally [42]. Machine learning algorithms also enable the development of
automated grading systems for oral health conditions. A recent study focused on creating an automatic
grading system to assess jawbone mineral density levels using CBCT data, underscoring Al's potential to
streamline diagnostic processes and improve the assessment of oral health conditions [41]. Additionally, sys-
tematic reviews highlight Al's effectiveness in enhancing the segmentation and detection of oral and maxil-
lofacial structures, providing valuable contributions to fields including orthodontics and surgery [43]. The
ongoing evolution of Al technologies promises to refine diagnostic and follow-up processes in oral health-
care. Models predicting postoperative recurrence in oral cancer indicate potential for enhancing long-term
patient management, underscoring Al’s crucial role in prognostication [44]. Furthermore, integrating advanced
imaging modalities with Al not only improves diagnostic accuracy but also aids clinical decision-making
strategies [45].

Thus, Al has demonstrated considerable effectiveness in transforming dental medicine by enhancing diag-
nostic accuracy, streamlining treatment planning, and optimizing patient care. Its integration into diagnostic
tools, such as radiographic analysis and disease detection systems, has significantly improved clinicians’ ability
to identify oral diseases, periodontal issues, and temporomandibular joint disorders. Deep learning models and
machine learning algorithms have enabled more precise interpretations of dental radiographs, assisting in the
detection of subtle anomalies like maxillofacial cysts and soft tissue calcifications. This precision facilitates
earlier intervention and more personalized treatment plans, ultimately contributing to improved patient
outcomes.

A key comparative advantage of Al lies in its ability to process and interpret large volumes of complex
imaging and clinical data with high consistency and speed, outperforming traditional diagnostic methods in
several scenarios. Al applications have also expanded to dental education, where virtual teaching models and
personalized learning environments have enhanced student engagement and skill acquisition. The use of
Al-driven simulations enables dental students to gain clinical experience in a controlled setting, promoting
better preparedness for real-world practice. Furthermore, in oral healthcare, Al has proven effective in early
oral cancer detection. Deep learning networks have shown particular promise in analyzing histopathological
and photographic images, significantly aiding in the identification of premalignant lesions and oral cancers.
These innovations not only improve diagnostic capabilities but also broaden access to screening in under-
served regions by reducing reliance on specialized clinicians.

Despite its many advantages, the implementation of Al in dental and oral healthcare is not without limita-
tions. One major concern is the reliance on high-quality, annotated datasets to train Al models, which may
not be representative of all patient populations or clinical scenarios. This limitation raises the risk of bias and
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reduces the generalizability of Al systems in diverse settings. Additionally, while Al excels in detecting patterns,
it lacks contextual understanding and clinical reasoning, which are crucial in complex cases that require
nuanced decision-making. Another challenge is the computational demand of advanced models, which may
hinder widespread adoption in resource-limited environments. Furthermore, the integration of Al into existing
clinical workflows and regulatory frameworks remains a work in progress, with issues surrounding data privacy,
algorithm transparency, and practitioner trust needing to be addressed.

Nonetheless, the clinical impact of Al in dentistry is already evident. From improving diagnostic precision
and accelerating radiographic interpretation to enhancing prognostication and treatment planning, Al is
reshaping the landscape of oral health care. For instance, Al-driven tools have been employed in automatic
grading systems for jawbone density assessment [41] and segmentation of oral structures, contributing signifi-
cantly to orthodontics and maxillofacial surgery [39]. The ability of Al to support early detection of oral can-
cers through fluorescence imaging and cone beam computed tomography (CBCT) analysis is particularly
promising, offering new pathways for timely and effective interventions. These advancements suggest a para-
digm shift toward data-driven, personalized care models in dentistry.

In conclusion, Al presents a transformative opportunity in dental and oral healthcare, offering substantial
improvements in diagnostics, education, and clinical decision-making. While current limitations—such as data
diversity, computational requirements, and integration challenges must be addressed through continued
research and development, the trajectory of Al adoption remains positive. With its potential to democratize
access, increase diagnostic efficiency, and improve outcomes, Al is poised to become an integral part of mod-
ern dental practice and oral health management.

4. Al application for brain tumor database management

Al has greatly enhanced brain tumor research by creating brain tumor databases. Artificial intelligence (Al)
technologies, such as machine learning and deep learning algorithms, have enabled the development of
extensive databases that store and analyze large quantities of brain imaging data. These databases are used
to enhance diagnosis, treatment planning, and research in the field as shown in Table 3. These databases are
essential for making decisions based on data, improving clinical results, and furthering our knowledge of brain
tumors. Al-driven content-based image retrieval systems have played a crucial role in detecting brain tumors
in extensive medical picture collections. Using Al algorithms, these systems effectively analyze MRI brain scans,
extract pertinent aspects, and obtain images that indicate the presence of brain cancers. This method simpli-
fies the process of identifying brain tumors and helps accurately classify and characterize them [46].

Al has been employed to evaluate the likelihood of ischemic stroke in adult individuals who have previ-
ously had brain tumors, specifically in the setting of brain cancer survivors. Research has demonstrated that
people who have malignant primary brain tumors are at a greater risk of experiencing ischemic stroke, which
results in more unfavorable outcomes compared to individuals who do not have brain tumors. Al-powered risk

Table 3. Example of different applications of Al in brain tumor databases creation.
Al applications in brain tumor databases

Aspect creation Benefits

Diagnosis Al-driven analysis of MRI and CT scans for Improves accuracy and enables early detection
tumor detection

Tumor Classification Deep learning models categorizing tumor types Enhance precision in diagnosis and treatment
(e.g., benign vs. malignant) selection

Treatment Planning Al-assisted predictive models for personalized Optimizes therapy choices and improves
treatment strategies patient outcomes

Risk Assessment Machine learning algorithms analyzing genetic  Identifies high-risk patients and supports
and clinical data preventive care

Tumor Segmentation Al-powered image segmentation techniques Improves precision in defining tumor

boundaries for surgery

Medical Imaging Analysis Automated Al analysis of radiological data for ~ Aids in monitoring treatment effectiveness and
tumor progression tracking disease progression

Research & Drug Development Al-driven insights from large-scale brain tumor  Accelerates discovery of new therapies and
datasets treatment protocols

Clinical Decision Support Al integration into electronic health records and Assists doctors in making data-driven, informed
diagnostic tools decisions

This table details Al-enabled approaches in the development and utilization of brain tumor databases. It includes applications like tumor classification,
segmentation, treatment planning, and clinical decision support, highlighting their benefits in improving diagnostic accuracy, risk assessment, and
therapeutic outcomes.
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assessment models provide useful insights to inform clinical practice and improve stroke risk management in
individuals who have survived brain tumors [47]. Al is essential in optimizing corticosteroid therapy for brain
tumor patients who have adrenal insufficiency. Al algorithms aid healthcare providers in establishing the opti-
mal dosage, timing, and duration of corticosteroid therapy for brain tumor patients, considering unique patient
features and treatment responses. This individualized strategy improves the effectiveness of treatment and
reduces the likelihood of adverse consequences [48].

Furthermore, adrenal insufficiency is evaluated using artificial Al in children with brain tumors who are
receiving hematopoietic cell transplantation (HCT) which requires careful monitoring and treatment. Al tech-
nologies assist in the early identification of adrenal insufficiency, allowing for prompt therapies and enhanced
patient outcomes. Furthermore, explainable Al systems have been created to improve the interaction between
humans and machines in the process of localizing brain tumors. By integrating interoperability elements into
Al algorithms, physicians can gain a deeper understanding of how Al models make decisions when detecting
and characterizing brain cancer lesions [49]. This level of openness enhances confidence in Al-driven diagnoses
and allows physicians to verify and improve diagnostic outcomes, ultimately boosts the precision and depend-
ability of brain tumor localization.

Using publicly available datasets, several researchers have used deep learning models, like conventional
neural networks, to categorize various forms of brain cancers [50]. Furthermore, novel methods for classifying
brain tumors from MRI images have been investigated, such as swarm optimization in conjunction with neural
networks [51]. Furthermore, the integration of Al technologies has proven to be crucial in enhancing the pre-
cision of image retrieval systems utilized for brain tumor analysis. This has enabled the swift and effective
extraction of pertinent brain tumor images from extensive databases [52,53]. Moreover, segmenting tumors
from MRI images using Al is another way that brain tumor research is using Al [54]. Singular value decompo-
sition and dual autoencoder are two techniques that have been developed for maximizing features in brain
tumor segmentation, demonstrating the variety of approaches used in this field [54]. Furthermore, databases
such as ReMIND and RESECT offer useful clinical information to validate image registration algorithms and
improve the accuracy of brain tumor resection techniques [55,56].

Hence, the integration of Al into brain tumor research has significantly improved data management, diag-
nostic accuracy, treatment personalization, and research capabilities. One of the most notable contributions is
the creation of Al-enhanced brain tumor databases, which consolidate and analyze vast amounts of brain
imaging data, primarily MRI scans. These databases support data-driven decision-making in both clinical and
research settings, facilitating early and accurate tumor detection, patient-specific treatment planning, and
improved outcomes. Al-powered content-based image retrieval systems efficiently classify tumor types and aid
radiologists by providing visual matches based on historical data, enhancing diagnostic precision.

Al has also proven effective in secondary risk prediction, such as assessing ischemic stroke risk in brain
cancer survivors. Al-driven models help stratify patients based on risk, enabling proactive care strategies.
Similarly, Al applications in optimizing corticosteroid therapy and managing adrenal insufficiency in brain
tumor patients illustrate the role of Al in personalizing treatments, ensuring better therapeutic outcomes and
reducing side effects. Moreover, the use of explainable Al enhances trust by making the decision-making pro-
cess transparent for clinicians, improving user confidence and supporting human-Al collaboration in diagnos-
tic tasks.

Compared to traditional diagnostic and treatment planning tools, Al brings significant advantages. Al sys-
tems can analyze and learn from massive imaging datasets far faster and more accurately than human clini-
cians. This not only reduces diagnostic workload but also standardizes interpretation, minimizing human error
and inter-observer variability. The ability of Al algorithms to perform tumor segmentation, classification, and
image retrieval in near-real time represents a leap forward in clinical efficiency and precision. Furthermore,
novel Al methodologies—such as combining swarm optimization with neural networks—show improved per-
formance over conventional algorithms in classifying and segmenting brain tumors. Publicly available datasets
such as ReMIND and RESECT, used to validate and train Al models, further strengthen research reproducibility
and clinical translation. Al also aids in surgical planning through enhanced image registration, improving the
precision of tumor resections. Such innovations directly support more effective and less invasive treatments.

Despite these promising outcomes, there are several limitations. First, the generalizability of Al models is
constrained by the quality and diversity of training datasets. Many models are developed using publicly avail-
able datasets that may not adequately represent the full clinical spectrum, potentially leading to biased or less
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robust models in real-world settings. There are also concerns regarding overfitting in deep learning models,
particularly when data is limited or not well-annotated. Second, the computational intensity of Al models,
especially deep learning networks, poses practical barriers to implementation in low-resource or time-sensitive
clinical environments. Additionally, while explainable Al is a growing field, many Al systems remain “black
boxes,” with decision-making processes that are difficult to interpret, potentially limiting clinical adoption.
Another limitation is the need for regulatory oversight, ethical considerations around data privacy, and stan-
dardization of Al tools before they can be fully integrated into clinical workflows. Integration challenges also
persist, including interoperability with existing hospital systems and the need for clinician training on Al
systems.

In addition, the clinical impact of Al in brain tumor management is substantial. From assisting in accurate
and early detection to informing post-treatment risk assessments and optimizing therapeutic regimens, Al has
the potential to revolutionize care delivery. The ability to tailor treatments, identify patients at high risk of
complications, and facilitate more accurate surgeries has meaningful implications for survival rates and quality
of life. Al systems also alleviate clinician burden, allowing medical professionals to focus more on patient
interaction and less on time-consuming image analysis.

Moreover, the advancement of Al in brain tumor localization and classification supports better-informed
decisions, reducing diagnostic uncertainty and improving surgical planning. Ultimately, this leads to faster
diagnoses, more effective treatments, and better patient outcomes. As Al technologies evolve, their integration
into brain tumor research and clinical practice promises to reshape the field of neuro-oncology with smarter,
data-driven approaches.

In conclusion, the application of Al in brain tumor research demonstrates strong effectiveness in improving
diagnosis, treatment personalization, and data management. While there are notable limitations related to
generalizability, computational requirements, and integration barriers, the comparative advantages of Al such
as enhanced diagnostic precision, data retrieval, and workflow optimization are compelling. The clinical impact
is already visible in better treatment planning and patient monitoring, with ongoing advancements likely to
deepen Al's role in neuro-oncology. Continued research, ethical oversight, and clinical validation will be essen-
tial to unlocking its full potential.

5. Al application for personalized medical treatment planning

The concept of personalized treatment planning in the framework of Al applications in medical diagnosis is
fast advancing and has great potential for enhancing patient outcomes and bringing countless benefits as
shown in Table 4. Al technology, such as machine learning algorithms, is being more and more used to cus-
tomize treatment programs for individual patients, considering their distinct traits and medical history. Multiple

Table 4. Example of different applications of Al in personalized medical treatment planning.
Al applications in personalized medical treatment

Aspect planning Benefits

Patient Data Analysis Al-driven algorithms analyzing medical history, Enables data-driven, customized treatment plans
genetics, and biomarkers

Disease Diagnosis Machine learning models identifying disease Enhances diagnostic accuracy for targeted
patterns and severity treatments

Treatment Optimization Al-powered decision support for selecting the Reduce trial-and-error approaches, improving
best therapy options patient outcomes

Predictive Analytics Al forecasting disease progression and treatment  Helps in proactive and adaptive treatment
response planning

Drug Response Prediction Al-driven analysis of patient-specific drug Personalizes medication selection, minimizing
interactions and effectiveness adverse effects

Radiotherapy Planning Al-assisted precision radiation dose calculation Reduces damage to healthy tissues while
and adaptive therapy improving efficiency

Surgical Planning Al-powered imaging and robotic-assisted surgery  Enhance precision, safety, and recovery rates
guidance

Remote Monitoring Al-based wearable devices and telemedicine for Allow continuous monitoring and treatment
real-time health tracking adjustments

Genomic Medicine Al-driven insights into genetic mutations for Advances precision medicine for complex
targeted therapies diseases

Clinical Decision Support Al integration in healthcare systems for Assists doctors with real-time, evidence-based
personalized treatment recommendations decision-making

The table explores how Al supports the customization of medical treatment strategies by analyzing diverse patient data. It includes use cases in
radiotherapy, surgery, remote monitoring, and genomic medicine, emphasizing Al's role in enhancing treatment precision and patient care.
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studies have emphasized the significance of artificial intelligence (Al) in improving treatment planning in dif-
ferent medical fields. Wang examined the application of deep learning algorithms in radiotherapy treatment
planning, highlighting the progress and potential future developments in this field [57]. In a similar vein,
Hussein highlighted the significance of artificial intelligence (Al) in discerning individualized treatment strate-
gies for patients undergoing radiotherapy. This technology assists in making personalized decisions at an indi-
vidual level [58].

In addition, Al has demonstrated potential in the field of dentistry, as emphasized by Schwendicke.
Al-powered solutions are now being employed for purposes such as dental diagnostics, treatment planning,
and record-keeping. This illustrates the wide-ranging uses of artificial intelligence (Al) in healthcare that go
beyond the conventional medical domains [59]. Al has played a crucial role in the field of oncology by aiding
in screening, diagnosis, selection of treatment, and prediction of prognosis for illnesses such as colorectal
cancer [60]. Al's capacity to analyze extensive clinical and omics data empowers clinicians to identify patients
at high risk and suggest precise and personalized treatment approaches. In addition, the incorporation of
artificial intelligence (Al) in medical imaging, specifically cone-beam computed tomography (CBCT) for online
adaptive radiotherapy, as explained by Sibolt demonstrates how Al may automate the identification of organs
and improve the process of treatment planning [61]. By adopting a personalized strategy, there is a consider-
able opportunity to greatly improve patient outcomes and minimize the likelihood of negative reactions to
medication [62]. Progress from standardized treatment procedures to individualized medicine has been expe-
dited by developments in data science and artificial intelligence [63]. These technologies facilitate the creation
of treatment strategies that are highly accurate and efficient, ultimately resulting in enhanced patient results
and decreased healthcare expenses [64]. Healthcare experts are progressively acknowledging the significance
of using artificial intelligence (Al) in personalized medicine to provide efficient and top-notch care [65]. The
incorporation of artificial intelligence (Al) in the field of pathology has simplified diagnostic processes and
enhanced the precision of illness identification.

Molecular imaging is essential in customizing treatment for individual patients in the field of personalized
medicine [66]. Through the utilization of artificial intelligence (Al) in medical imaging, namely in radionics and
deep learning applications, medical professionals can derive significant and meaningful information from imaging
data. This information can then be used to guide personalized treatment strategies for illnesses such as pancre-
atic cancer [67]. Al is becoming more prevalent in other medical fields, such as dermatology and urinary disor-
ders. Healthcare practitioners are increasingly using Al-powered technologies for personalized treatment planning
and diagnostic imaging [68,69]. Furthermore, the utilization of artificial intelligence (Al) in disease diagnosis has
brought about a significant transformation in the healthcare industry. It has accelerated the delivery of patient
care and improved the efficiency of treatment planning procedures [70]. The application of artificial intelligence
(Al) in medical imaging not only improves the process of planning therapy but also enables doctors to make
well-informed decisions by analyzing extensive data [71]. Al is being used more and more in many medical spe-
cializations. Al and radiomics work together to predict patient outcomes in oncology, which opens the door to
tailored treatment [72]. Artificial neural networks are used in dentistry to diagnose issues such as dental cavities
and impacted teeth, demonstrating the wide range of healthcare applications of Al [73]. With a focus on individ-
ualized medicine for improved patient care, the use of Al in obstetrics and gynecology is becoming more and
more prominent [74]. Furthermore, Al is being investigated for the treatment of renal iliness, which is advancing
medical practice toward Al-directed medicine and intelligent diagnostics [75]. Notwithstanding Al's promise for
medical diagnostics, issues including customer resistance and data bias need to be resolved. Diagnostic accuracy
may be impacted by biased Al classifiers resulting from gender imbalance in medical imaging datasets [76]. The
necessity to address psychological issues in adoption in Al is highlighted by the possibility that consumer resis-
tance to Al suggestions in medical contexts is due to beliefs about the technology’s reliability [77].

Besides that, Al is also implemented in Covid-19 detection in personalized treatment for patients. In the
research in [78], various methodologies are employed to enhance the detection of COVID-19 through advanced
imaging techniques, notably chest radiography and CT scans, which offer advantages such as rapidity and
cost-effectiveness compared to traditional rRT-PCR tests. The study specifically investigates the application of
Convolutional Neural Networks (CNNs) within medical imaging, a method that has garnered significant interest
due to its ability to analyze complex datasets and accurately classify images for diagnostic purposes. One of
the key findings highlights the efficacy of different deep learning architectures in improving diagnostic accu-
racy. The authors conducted experiments evaluating various CNN models and their performance in
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distinguishing COVID-19 infections from other lung diseases, demonstrating that optimized model selection
can yield higher sensitivity and specificity rates. Their methodology involved a systematic approach to model
training, validation, and testing across diverse datasets, which supports the robustness of their findings.
Furthermore, the study emphasizes the importance of information fusion techniques that combine multiple
imaging modalities to enhance overall diagnostic performance. However, the researchers also acknowledge
several challenges faced during the implementation of these deep learning methods. The biggest among
them is the reliance on high-quality, annotated datasets, which are crucial for the training and evaluation of
CNN models. The scarcity of such datasets, particularly in real-world clinical settings, poses significant hurdles.
Additionally, the discussion includes the computational intensity required for training deep learning models,
necessitating substantial hardware resources and expertise. Overall, the research represents a significant
advancement in the use of artificial intelligence for medical diagnostics, emphasizing both the potential and
challenges in leveraging such technologies for enhanced clinical practice.

In addition, Al technology is also used in cardiovascular risk prediction during personalized treatment to
provide a better analysis of cardiovascular health for patents. In the study by Zaidi et al. in [79], the research-
ers propose a novel framework for predicting cardiovascular disease (CVD) risk, reflecting the urgent necessity
for accurate risk assessment methodologies in light of CVD’s significant global mortality impact. The investiga-
tion employs a hybrid ensemble learning approach that integrates multiple machine learning algorithms to
enhance predictive accuracy. Specifically, the methodology entails a comprehensive analysis of various data
preprocessing techniques and model selection processes, as well as the implementation of an innovative
framework called HeartEnsembleNet, which synergizes the strengths of individual models to produce a robust
predictive outcome Key findings from the research reveal that the ensemble model substantially outperforms
individual machine learning algorithms in predicting CVD risk, achieving notable improvements in sensitivity,
specificity, and overall accuracy. The framework was rigorously tested using a well-curated dataset represent-
ing diverse patient demographics, thus establishing its generalizability and effectiveness across a broader pop-
ulation. Additionally, the use of ensemble techniques enables the model to mitigate potential biases inherent
in single algorithms, improving reliability in clinical applications. Nonetheless, the study acknowledges several
challenges associated with implementing such innovative techniques. One major concern involves the com-
plexity associated with ensemble methods, as they require intricate handling of multiple models, which may
pose interpretative difficulties for healthcare professionals seeking to understand the underlying decision-making
processes. Furthermore, the authors highlight the necessity of extensive, high-quality datasets for training and
validation, as real-world clinical data can often be incomplete or lack uniformity, potentially hindering the
model’s predictive capabilities. The research represents a meaningful advancement in CVD risk prediction, illus-
trating both the potential of ensemble learning in healthcare and the ongoing challenges faced by practi-
tioners in integrating these sophisticated models into clinical environments.

Hence, Al plays an increasingly central role in advancing personalized treatment planning across various
medical specialties. The integration of machine learning (ML) and deep learning (DL) algorithms has signifi-
cantly enhanced the ability to customize treatment strategies based on individual patient characteristics, clin-
ical data, and medical history. The reviewed section comprehensively illustrates the breadth of Al applications
in treatment personalization, including domains such as oncology, radiotherapy, dentistry, cardiovascular med-
icine, nephrology, and infectious diseases like COVID-19. Al driven tools enable the analysis of large-scale
clinical and omics datasets, allowing clinicians to stratify patients based on risk and tailor interventions accord-
ingly. For instance, in oncology, the use of radiomics and DL facilitates the automated identification of tumor
features that are instrumental in guiding individualized treatment paths. Similarly, in cardiovascular care,
ensemble learning approaches like HeartEnsembleNet [79] demonstrate superior performance in risk predic-
tion by integrating multiple models for enhanced diagnostic accuracy.

The comparative advantages of Al over traditional treatment planning methods are well-articulated. Al sys-
tems can integrate diverse data types, ranging from imaging to electronic health records—and process them
rapidly to support clinical decision-making. The automation of imaging tasks, such as organ segmentation in
adaptive radiotherapy using cone-beam computed tomography (CBCT), exemplifies the efficiency gains achiev-
able with Al. Moreover, Al's predictive capabilities allow for early disease detection and preemptive interven-
tions, which are critical for improving outcomes and reducing healthcare costs. The wide applicability of Al in
various fields—from dermatology and obstetrics to dentistry and nephrology, further illustrates its scalability
and utility across the healthcare spectrum.
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However, the section also implicitly and explicitly highlights several limitations that must be addressed for
Al to be fully integrated into clinical workflows. A major concern is the dependency on high-quality, annotated
datasets for training Al models. Bias in these datasets such as gender or racial imbalances can lead to skewed
outcomes and reduce the reliability and fairness of Al systems. Additionally, many Al models, especially deep
neural networks and ensemble methods, function as “black boxes,” offering limited interpretability. This lack of
transparency hinders clinician trust and impairs the ability to validate Al-generated recommendations. The
section also acknowledges infrastructural and expertise-related barriers, as implementing and maintaining Al
systems require substantial computational resources and technical knowledge, which may not be readily avail-
able in low-resource settings.

Another critical challenge discussed is the psychological resistance to Al adoption among both patients and
healthcare professionals. Concerns about the reliability of Al-generated decisions, compounded by the per-
ceived loss of human oversight, can lead to reluctance in integrating Al tools into practice. Furthermore, while
not extensively covered in the section, the ethical and regulatory dimensions of Al use in personalized medi-
cine remain an important consideration. Issues surrounding data privacy, informed consent, and accountability
of Al decisions need to be resolved to ensure safe and equitable implementation.

Clinically, the impact of Al in personalized treatment planning is both significant and transformative. Al
facilitates more accurate diagnoses, improves treatment efficacy, and supports preventive care strategies by
identifying at-risk individuals before the onset of symptoms. In radiotherapy and oncology, Al tools optimize
dosing and targeting strategies, minimizing side effects and improving patient outcomes. Al-based diagnostic
systems also expand access to specialist-level care in underserved regions by providing decision support to
non-expert practitioners. Additionally, Al enables better resource allocation by streamlining workflows and
reducing unnecessary diagnostic procedures.

In conclusion, the reviewed section offers a comprehensive and insightful overview of Al’s transformative
potential in personalized treatment planning. The effectiveness of Al in enhancing diagnostic precision, treat-
ment customization, and workflow optimization is clearly proven. However, realizing the full clinical potential
of these technologies requires overcoming substantial challenges related to data quality, model transparency,
infrastructure, and trust. Future research and implementation strategies must prioritize the development of
explainable, unbiased, and user-friendly Al systems to ensure their safe and equitable integration into routine
medical practice. By addressing these challenges, Al can truly fulfill its promise of revolutionizing personalized
medicine and improving patient care across diverse clinical settings.

6. Challenges

While artificial intelligence (Al) has shown considerable promise in revolutionizing cancer diagnostics—partic-
ularly in areas such as brain tumor detection, personalized treatment planning, and oral cancer diagnosis—it
faces a range of technical, clinical, ethical, and infrastructural challenges that limit its efficacy and adoption in
routine clinical practice. Addressing these challenges is crucial to fully harnessing the transformative potential
of Al in oncology and broader medical domains.

One of the most significant technical challenges lies in the domain of brain tumor detection, where Al has
demonstrated both promise and pitfalls. Despite progress in using deep learning algorithms to classify tumors
from MRI scans, the variability and heterogeneity of tumor types remain major obstacles. Brain tumors often
exhibit complex, irregular morphologies and overlapping imaging features, which challenged consistent recog-
nition by Al models. Han noted that even minor differences in tumor shape or contrast enhancement can
significantly affect model performance, leading to diagnostic inaccuracies [80,81]. Furthermore, many Al algo-
rithms are trained on small, homogenous datasets derived from single-institution cohort, limiting their ability
to generalize across diverse patient populations and imaging equipment. This lack of generalizability often
results in poor reproducibility in real-world clinical settings. As Musa et al. emphasize, without large, multi-center
datasets that represent variations in demographics, disease presentation, and imaging protocols, the reliability
of Al tools remains in question [82]. A promising solution to this issue lies in federated learning, a method
that enables Al models to be trained collaboratively on decentralized data from multiple institutions without
compromising patient privacy. This approach could significantly enhance generalizability while respecting eth-
ical constraints.
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In addition to technical constraints, Al applications in personalized treatment planning encounter challenges
in balancing algorithmic complexity with clinical relevance. Although Al can process large volumes of historical
treatment data to suggest optimal therapies, it often fails to adequately incorporate nuanced individual char-
acteristics such as genetic predisposition, lifestyle factors, or comorbidities. As a result, the recommendations
made by Al systems may be more reflective of population trends than genuinely personalized medicine. Zheng
et al. argue that transitioning from diagnostic analytics to predictive and prescriptive analytics will require Al
systems to integrate multiple modalities of patient data—ranging from genomic and proteomic profiles to
longitudinal health records through more sophisticated, multi-layered algorithms [83].

The development of hybrid models combining rule-based systems with machine learning may help address
this by embedding clinical guidelines and expert knowledge into Al decision-making frameworks. However,
these improvements also raise serious ethical concerns. The aggregation and processing of sensitive health
data pose risks related to patient privacy, consent, and data misuse. Regulatory bodies and healthcare institu-
tions must implement strict data governance frameworks and transparent consent protocols to mitigate these
risks. Moreover, explainability in Al, making model decisions interpretable to clinicians and patients alike will
be vital in ensuring trust and accountability in personalized treatment planning.

In dental healthcare, Al holds great potential for early detection of oral cancers, but its deployment faces
unique contextual challenges. Veeraraghavan et al. notes that most Al systems in this domain are developed
using high-resolution imaging data obtained in tertiary care or academic settings [84]. As a result, these mod-
els often underperform when applied in general dental clinics where imaging quality and clinical protocols
vary widely. This discrepancy in performance presents a barrier to widespread implementation, particularly in
resource-limited settings. Moreover, the diversity in practitioner expertise introduces another layer of variabil-
ity. While some dental professionals may embrace Al-assisted diagnostics, others may distrust these tools due
to perceived threats to clinical autonomy or concerns over liability. Integrating Al into everyday dental work-
flows therefore requires not only technological adjustments but also targeted education and training initia-
tives. Continuing professional development programs focused on the use of Al in dental diagnostics could
bridge the gap between technological innovation and clinical acceptance. Additionally, developing Al inter-
faces that are user-friendly and compatible with existing dental practice management software can facilitate
smoother integration into routine care without disrupting established workflows. Furthermore, integrating Al
tools into routine dental practice requires substantial training and adaptation from practitioners, as the will-
ingness to trust Al recommendations can vary significantly among professionals. The need for Al systems to
work alongside existing clinical workflows without disrupting them poses an additional barrier to widespread
adoption.

The challenge of clinician trust is not limited to dentistry. Across medical fields, skepticism toward
Al-generated recommendations remains a significant barrier. Studies have shown that clinicians are more likely
to accept Al assistance when they can understand the rationale behind its outputs. This underscores the
importance of explainable Al (XAl), which allows users to trace how a model arrived at a particular decision.
For example, heatmaps in imaging-based diagnostics can highlight regions of interest that influenced the
model’s classification, helping clinicians verify findings. Tools such as SHAP (Shapley Additive Explanations) or
LIME (Local Interpretable Model-agnostic Explanations) can also be integrated into clinical Al systems to pro-
vide insight into tabular or structured data decisions. Making Al transparent and interpretable not only boosts
user confidence but also facilitates regulatory compliance and clinical auditing.

Another key limitation is the lack of comprehensive, high-quality annotated datasets. Whether in cancer
imaging, genomic profiling, or treatment response prediction, Al performance is highly dependent on the
quality of its training data. Annotating such data often requires expert input, which is both time-consuming
and expensive. The scarcity is further exacerbated in rare cancers or minority populations, leading to biases
that can perpetuate health disparities. To address this, collaborative data-sharing initiatives, such as The Cancer
Imaging Archive (TCIA) or the UK Biobank, have emerged to pool resources across institutions. However,
broader participation and standardized data formats are essential to maximize the utility of these datasets.
Governments and funding agencies must incentivize open science and data-sharing practices while safeguard-
ing patient privacy through anonymization and secure data infrastructures.

Despite these challenges, the potential for Al to revolutionize cancer diagnostics and treatment remains
significant. The ability of Al to detect subtle imaging abnormalities, stratify patient risk, and recommend treat-
ment plans based on vast datasets promises improved outcomes and more efficient healthcare delivery.
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However, as this review highlights, realizing this potential requires a multi-pronged strategy: advancing tech-
nical robustness through multi-institutional training, promoting ethical Al use via transparent consent and
explainability, enabling clinician adoption through targeted training, and addressing infrastructural gaps
through investment in interoperable systems. Tackling these challenges holistically will be critical to integrat-
ing Al seamlessly and safely into the future of oncology and personalized medicine. Table 5 summarizes the
discussion of various challenges presented in this section.

In conclusion, while Al has the potential to revolutionize cancer diagnosis and treatment, various challenges
must be systematically addressed, including generalizability issues, data diversity, and practitioner engagement
in areas like brain tumors, dental healthcare, and personalized treatment planning. With continuous research
and development, the limitations of Al can be mitigated, paving the way for more effective and trustworthy
clinical applications.

7. Prospects

The integration of artificial intelligence (Al) into medical diagnostics offers transformative potential across
domains such as oncology, neurology, and dental healthcare. As Al systems continue to evolve, so too does
their capacity to enhance diagnostic accuracy, streamline clinical workflows, and personalize treatment strate-
gies. However, realizing this potential requires more than technological advancement alone. It demands a
strategic, multidisciplinary approach that includes improvements in data integration, algorithm development,
clinical education, ethical safeguards, and standardized validation frameworks. This section explores the key
prospects for Al in medical diagnostics and proposes a cohesive vision for its future development and
implementation.

A central pillar for advancing Al in cancer diagnostics lies in the seamless integration of heterogeneous data
types. Al systems must evolve from single-modality models, such as those reliant solely on imaging, to
multi-modal platforms that synthesize imaging data, genomic profiles, electronic health records, pathology
reports, and longitudinal clinical histories. This integration is crucial for capturing the complexity of individual
patient profiles and generating accurate, context-aware diagnostic and prognostic outputs. Jan et al. [85]
demonstrated how Al systems that integrate diverse datasets—such as radiomic and genomic data—can
enhance early cancer detection, particularly for elusive malignancies like pancreatic cancer, which often pres-
ent late and with nonspecific symptoms. These platforms can identify subtle patterns invisible to the human
eye, offering predictive insights that go beyond traditional diagnostic capabilities. Moreover, when designed
to support real-time feedback loops, Al systems can continuously learn and improve with incoming data,
increasing adaptability in dynamic clinical settings [86]. Future research must prioritize the development of
scalable, interoperable architectures capable of facilitating this type of continuous, data-driven learning across
institutional and geographic boundaries.

In the realm of oral healthcare, Al's potential remains underutilized but promising. As oral cancer continues
to pose diagnostic challenges due to its heterogeneous presentation and reliance on subjective clinical

Table 5. Challenges of Al applications in medical diagnosis.

Area of application Challenges Potential of Al
Brain Tumor Detection Variability and complexity of tumor presentations - Potential for early detection of brain tumors
- Issues with generalizability and reproducibility - Deep learning for complex imaging analysis
- Limited training datasets - Multi-modal learning techniques
- Integration of heterogeneous
Personalized Treatment - Lack of individualized patient data consideration - Al can recommend treatment based on
- Current systems often provide generalized historical outcomes
recommendations - Future shift to predictive analytics for truly
- Ethical concerns about data privacy & consent personalized treatments
Dental Healthcare - Variability in clinical environments - Potential to assist in diagnosing oral cancers
- Al systems reliant on high-quality training data - Early detection through quick imaging
from specialized clinics analysis
- Practitioner adaptation and trust in Al tools - Stratifying patient risk
General Al Applications - Need for robust validation processes - Early detection of cancer
- Data diversity and representation across - Better stratification of patient risk
populations - Personalized intervention strategies

- Integration into existing clinical workflows

This table presents key challenges encountered in applying Al to medical diagnostics. It categorizes the challenges by domain (e.g., brain tumor
detection, dental healthcare), describes the limitations, and contrasts them with the corresponding potential of Al in each area.
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examination, Al tools could support early detection through automated image analysis and risk prediction.
However, widespread adoption in dental practice hinges on the validation of these tools within diverse clin-
ical settings. Veeraraghavan et al. [84] emphasizes the necessity of rigorous, multi-center trials and systematic
reviews to assess Al's effectiveness across varying practice environments. Furthermore, co-development of Al
tools with input from dental professionals can ensure that systems align with real-world workflows, enhancing
usability and clinician trust. This participatory approach could be facilitated through pilot programs in aca-
demic dental institutions, where iterative feedback can refine tool functionality prior to broader implementa-
tion. Collaborative design not only improves clinical relevance but also fosters a culture of shared responsibility
in Al adoption.

Education represents another vital frontier in preparing healthcare professionals to work effectively along-
side Al. As Halat et al. [86] have shown, dental students and medical trainees are increasingly interested in
understanding Al technologies, yet many curricula lack dedicated content on this subject. Incorporating Al
literacy into medical and dental education—through interdisciplinary courses that cover both technical and
ethical dimensions—uwill be essential for equipping future clinicians with the skills to interpret, validate, and
apply Al-generated insights responsibly. Curricula should also include training on bias recognition, algorithmic
transparency, and troubleshooting of Al tools. Simulation-based modules could be especially beneficial, allow-
ing students to practice using Al in diagnostic scenarios and reflect on decision-making processes. These edu-
cational efforts must be extended to current practitioners through continuing education and certification
programs to ensure Al literacy across the professional spectrum.

Ethical considerations will continue to shape the trajectory of Al in diagnostics. As Al systems assume more
decision-making responsibility, questions about data privacy, consent, liability, and accountability become
increasingly salient. Zhang et al. [87] call for transparent frameworks that govern Al deployment, particularly
in high-stakes fields like oncology. To this end, policymakers and healthcare institutions must establish ethical
guidelines that address issues such as the secondary use of data, algorithmic bias, and the explainability of
model decisions. Regulatory bodies should mandate the use of explainable Al (XAl) methodologies in clinical
Al systems to ensure that outputs are interpretable not only by data scientists but also by clinicians and
patients. For example, heatmaps in radiology or decision-trees in treatment recommendations can help trace
the rationale behind Al predictions, thereby fostering trust and reducing the risk of over-reliance on opaque
algorithms. Additionally, embedding ethical impact assessments into Al development pipelines like environ-
mental impact assessments could serve as a proactive safeguard.

Standardization and validation of Al tools represent foundational steps for ensuring safety, efficacy, and
clinical utility. As it stands, the lack of standardized protocols for evaluating Al systems creates uncertainty
around their readiness for deployment. Comprehensive validation frameworks should include diverse datasets
reflective of real-world variability, robust performance metrics (such as sensitivity, specificity, and area under
the curve), and stress-testing under uncommon or borderline cases. These standards must be enforced by
regulatory agencies such as the FDA, EMA, or equivalent regional bodies to promote transparency and account-
ability in the Al marketplace. Additionally, centralized repositories for benchmarking Al diagnostic tools similar
to ImageNet for computer vision could enable consistent comparison and continual improvement.

Moreover, the possible prospect of applying TRIZ (Theory of Inventive Problem Solving) can be a valuable
framework for enhancing Al applications in medical diagnosis by providing systematic methods to identify and
overcome challenges [88,89]. By identifying contradictions, such as balancing diagnostic accuracy with speed,
TRIZ helps pinpoint areas for improvement [90,91]. Utilizing inventive principles, Al algorithms can be designed
to dynamically adjust precision based on urgency or seamlessly integrate diverse data sources. Applying the
Ideal Final Result (IFR) concept [92,93] drives innovation toward an Al system capable of providing instanta-
neous, accurate diagnoses with minimal human intervention. Function analysis allows for the optimization of
diagnostic processes by breaking them down into functional components, while considering resource and
constraint factors to ensure practicality and compliance [93-95]. Through TRIZ-guided problem-solving, Al in
medical diagnosis can evolve to meet complex challenges effectively, ultimately improving patient outcomes
and healthcare efficiency.

In sum, the successful integration of Al in medical diagnostics will require more than algorithmic excellence.
It calls for a comprehensive vision that aligns technological capabilities with clinical realities, educational
needs, ethical imperatives, and policy frameworks [96]. Future research should prioritize the development of
interoperable multi-modal platforms, clinician-involved co-design models, Al-integrated curricula, explainable
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Table 6. Challenges of Al applications in medical diagnosis.

Prospects for enhancing Al in medical diagnosis Details

Enhanced Data Integration Integrating imaging, genomic, and clinical data to improve diagnostic
accuracy and personalized treatment.

Real-time Feedback and Continuous Learning Al systems that adapt to new data for improved prediction and diagnosis.

Validation in Clinical Settings Ensuring Al tools are tested in practical environments to build trust
among healthcare professionals.

Educational Initiatives Integrating Al-focused courses in healthcare curricula to equip future
practitioners.

Ethical Considerations Emphasizing data privacy, informed consent, and transparency in Al
processes.

Improved Interpretability and Explainability Enhancing Al model clarity to help physicians understand and trust Al
recommendations.

Standardized Evaluation Protocols Developing comprehensive validation datasets and metrics for assessing Al
performance.

TRIZ Framework Application Using TRIZ principles to resolve Al design contradictions, improve

diagnostic precision, and enhance system adaptability.

The table summarizes future directions for improving Al integration in healthcare. It covers areas like enhanced data integration, real-time feedback,
ethical considerations, educational initiatives, and the use of inventive frameworks like TRIZ to systematically overcome Al implementation barriers.

algorithm architectures, and rigorous validation pipelines. TRIZ offers a structured approach to navigate this
complexity and identify optimal design solutions [97]. Through these coordinated efforts, Al can mature from
a promising tool to a trusted partner in the delivery of precision diagnostics and patient-centered care. Table 6
summarizes the prospects discussed above.

8. Conclusion

Conclusively, the use of Al in medical diagnostics signifies revolutionary progress with significant ramifica-
tions for healthcare. Artificial intelligence demonstrates exceptional capabilities in multiple areas, such as
forecasting and identifying diseases, creating customized treatment strategies, and handling extensive data-
sets in subjects like molecular biology and omics. Al algorithms exhibit remarkable precision in detecting
abnormalities in medical pictures for cancer diagnosis, facilitating timely intervention and enhancing patient
outcomes. The field of dental medicine is greatly improved using Al-powered technologies that boost the
accuracy of diagnosis, treatment planning, and patient care. Al is used to assess patient data and create
personalized treatment plans that are successful and have minimal negative effects. Furthermore, Al simpli-
fies the handling and examination of intricate datasets in molecular biology and omics, hastening the pro-
cess of discovering new drugs and enhancing our comprehension of disease mechanisms. The ongoing
development of Al has the potential to transform healthcare delivery by integrating it into medical diag-
nostics. This integration offers the possibility of more accurate diagnoses, tailored therapies, and eventually,
improved patient outcomes. Nevertheless, it is imperative to tackle obstacles such as data privacy, algo-
rithm bias, and legal issues to guarantee the responsible and ethical implementation of Al in the field of
healthcare.
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