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Abstract

Radiology has also received the double-edged gift of artificial intelligence (Al) that accelerates the speed and efficiency of diagnosis. This
Systematic review aims to present the outcome of Al-assisted imaging, from accuracy examinations to advancing radiology work processes.
It looks at different Als using algorithms in imaging techniques like X-rays, CT scans, MRI, and ultrasounds. Al can benefit
radiologists by enbancing results in detecting diseases, including cancers, cardiovascular diseases, and neurological disorders. Still, some
barriers to adoption, data quality, and ethical issues have not been addressed. This review addresses these concerns while also considering
how AI may enhance patient outcomes and radiology operations.
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Introduction

The application of artificial intelligence (Al) in medical imaging, particularly radiology, is growing
tremendously and is becoming a force changer in healthcare facilities. Machine learning algorithms in
imaging are created to support radiologists in interpreting medical images more quickly and identifying
disease signs that will improve diagnostic outcomes. The prospect of Al is in its capacity to analyze tens,
hundreds, and even thousands of inputs, identify patterns, and potentially predict how a system will react
far surpassing human calculations. These systems apply particular algorithms, such as deep learning, part of
a broader scope of machine learning, for imaging data originating from X-rays, CT scans, MRI, and
ultrasound.

The foremost benefit of Al is that it minimizes the number and impact of diagnosis-related mistakes and
accelerates the production of work recommendations and decisions within clinical practices. Image
segmentation, lesion detection, organ delineation, etc., are such tedious tasks that, with the help of Al, such
tasks are performed, and radiologists can spend their precious time on those complicated cases that require
their attention. However, Al has been used in clinical practice with similar advantages and challenges, such
as data privacy, algorithm bias, and human supervision (Mohammad et al., 2024a; Mohammad et al., 2023a;
Mohammad et al, 2024b). This review also discusses the state of the art of Al for imaging, its potential for
enhancing diagnostic ability, its opportunities, and potential issues.
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Literature Review
Al Algorithms in Radiology

Radiology is one of the disciplines that has benefitted most from artificial intelligence (Al), especially
regarding accuracy and time. In Al, two of the most relevant sub-technologies used to automate the
interpretation of medical images are ML and DL. These technologies assist radiologists by using their tools
(Rubin, 2019). They are in a better position to analyze large volumes of imaging data within a shorter time
to deliver quality patient care. Here, the author aims to discuss the current artificial intelligence algorithms
in radiology and their practical implications.

Convolutional Neural Networks (CNNs)

Convolutional Neural Networks (CNNs) are recognized as one of radiology's most popular and effective
DL models. CNNs work best in image categorization segmentation and object recognition, which provides
a good basis for analyzing challenging medical imagery (Yamashita et al., 2018). In radiology, CNNs are
learned to perform feature extraction and model-based analysis to detect certain features native to images,
such as tumors, fractures, vascular abnormalities, etc.

CNNs apply convolutional layers to examine medical images at multiple levels and capture features at
multiple scales. For instance, based on oncology, CNNs ate used to diagnose malignancies in
mammography, lung CT, and brain MRI. Comparatively, CNN-based models have higher sensitivity levels
where small and indistinctive tumors are detected that might elude radiologists.

Other applications of CNNs include tumor identification or image segmentation, which aims at finding the
edges of a lesion, an organ, or some other body structure. For instance, CNNs can help to trace tumors in
breast tissue samples or lesions in strokes in brain images. Thus, using this capability appears to have crucial
consequences for modern approaches to increasing diagnostic accuracy and optimizing the work of the
radiology departments.

Support Vector Machines (SVM)

Another machine learning algorithm used in radiology is the Support Vector Machine (SVM), though it is
not as popular as CNNs. SVMs can be especially important if you work with small datasets and the images
or data have to be classified into certain groups. They use input data by mapping them onto a higher-
dimensional space so that a hyperplane can separate each class from the others.

In radiology, SVMs can be used to identify different types of tissue in mammography, detect a lesion, or
categorize an abnormality depending on the characteristics of an image. SVMs are widely used when there
is high-quality labeled data. They are necessary to differentiate between the presence or absence of a disease
or between different phases of the disease (Bilal et al., 2024). For example, an SVM could differentiate
whether a nodule was malignant or benign within a chest CT scan.

Despite their abilities, SVMs have their places of use, and frequently, their results are inferior to the
contemporary algorithms like CNNs when scattering large and exceptional sets of data, which are
customary in medical imaging. Still, SVMs are of great use if investigated in conjunction with more modest
databases or if integrated into another machine-learning approach to provide improved precision.

Reinforcement Learning (RL)
The RL type offers a more innovative and developing radiology Al state. Unlike some of the supervised
learning models, such as CNNs and SVMs, that are used to work with labeled datasets, RL is all about

decision-making. The RL algorithms are such algorithms that help improve performance by facing the
environment and learning from the responses it gets.
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RL can, therefore, be used in radiology to predict the corresponding patient outcomes, determine ideal
treatment processes from imaging findings, or even manage radiology processes (Murel & Kavlakoglu,
2024; Mohammad et al., 2023b; Al-Hawary et al., 2020; Al-Husban et al., 2023). For instance, RL has been
applied to suggest favorable algorithms to be employed by a radiologist who seeks to focus on the most
urgent cases by learning which images contain severe lesions. These algorithms make moves within a
simulated environment and are corrected on their ability to prioritize cases until they improve their decision-
making capacity.

According to Hu et al. (2023), RL is also used in image-guided treatment planning. For example, RL can
accurately determine the best angles for radiation therapy beams by comparing MRI and CT tumor scans.
That way, it can learn from previous successful or unsuccessful treatments and increase the chances and
efficiency of the radiation treatment.

Applications of Al in Radiology

Many studies in many radiological fields show notable potential for Al technologies. Below are some key
areas where Al is making an impact:

Oncology

Oncology is perhaps one of the most developed fields adopting Al imaging technologies. Al has been
proven to be very effective in the early diagnosis of cancer, especially breast cancer, lung cancer, and brain
cancer.

In breast cancer detection, Al algorithms using CNNs have been implemented in mammography systems,
where they assist in discerning potential regions of cancerous growth. The analyses of the research
conducted have shown that, in addition to the increased effectiveness of identifying malignant lesions, Al
models can also minimize the number of false-positive results (Khalid et al., 2023). This is very relevant in
breast cancer screening, where there is a grave danger of overdiagnosis and subsequent unnecessary
biopsies.

Likewise, Al algorithms have been proven more accurate than human physicians in detecting small lung
nodules when applied to CT scans in lung cancer diagnosis. Farly detection of lung cancer becomes a big
issue since there are benign nodules that may be so close to the malignant ones. Al's advantages consist of
fewer false-negative outcomes and the opportunity to recognize benign and malignant lesions, which are
vital for the eatly stages of the disease.

Cardjology

Al's use has also been realized to have great opportunities in cardiology. The rates of cardiovascular
diseases, such as coronary artery diseases and arrhythmias, have also been enhanced by the use of AIED
tools. Al is used for echocardiograms, CT, and MRI scans, where lesions in the structure and function of
the heart that even radiologists can fail to detect are detected.

Perhaps one of the biggest strengths in the application of Al in cardiology is that algorithms can interpret
images of the heart much quicker and more accurately than clinician physicians. For instance, Al
applications can then apply measurements of left ventricular ejection fraction (LVEF), which is an essential
predictor of heart health and, otherwise, would entail manual measurement. In this case (Siontis et al., 2020;
Al-Nawafah et al., 2022; Alolayyan et al., 2018; Eldahamsheh, 2021), Al allows for a shorter time to conduct
the assessment while ensuring the vatious patient assessments are standardized.

Furthermore, Al-powered models can predict the probability of cardiovascular events like heart attacks or

strokes through imaging data. This ability to provide prediction adds value to patients' healthcare needs
because providers can intervene eatlier, leading to better results.
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Neurology

New Al models are used to diagnose neurological disorders, including brain hemotrhage, Alzheimet's
disease, and multiple sclerosis. Many of these disorders are asymptomatic in their infancy because the
alterations they cause in the brain are refinements that may go unnoticed; however, Al can pinpoint
characteristics that a radiologist would not normally take a second look at owing to their lack of significance
during a cursory examination.

Regarding stroke diagnosis, Al algorithms that use CT scans can easily determine the existence of blood
and even estimate the severity of the bleeding. Early reporting is important to avoid a prolonged impairment
of the patient's netvous system. In the same way, when a patient has neutrological problems such as
Alzheimet's disease or MS, the AI models can use MRI scans to detect changes in required brain structures
as the disease progresses, which helps in eatly diagnosis and management of disease.

Muscnloskeletal Imaging

Al has also been applied in musculoskeletal imaging to identify fractures, arthritis, and joint abnormalities.
Radiography is the most dominant modality used in imaging the musculoskeletal system, and computer
algorithms have been seen to possess the potential to replace manual evaluation of X-rays in detecting
fractures or degenerative alteration in bones and joints.

In specific large-boned regions, like the spine and pelvis, CNN models have been used to identify fractures
because the manual approach is tedious and has a high non-specific level. Besides fractures, Tanzi et al.
(2020) indicates that the technology has also been used in the diagnosis of early osteoarthritis and other
diseases related to joints, which is a useful tool in ensuring that better decisions are made in the treatment
of the diseases.

Methods

The review follows a systematic approach to synthesizing the data from different sources related to Al in
imaging technologies. Key methodologies included in this analysis are:

1. Data Collection: To obtain the literature, PubMed, IEEE Xplore, and Scopus, among others, were
used. Articles were chosen based on the information searched in source publications relating to Al
technologies in radiology, including diagnostic accuracy, algorithms, potential applications, and
issues.

2. Inclusion Criteria: Research published in the last ten years related to Al models, especially in the
field of medical imaging, was reviewed. The study was limited to articles published in peer-reviewed
journals and only clinical trials and systematic reviews.

3. Analysis Framework: Regarding the sign, the review organized the Al applications according to

imaging techniques (CT, MRI, X-ray) or clinical specialties (oncology, cardiology, neurology). It
assessed the effect of Al on diagnostic precision, productivity, and patient outcomes.

Results and Findings

Table 1: Summary of AI Applications in Radiology

5270


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.5252

Journal of Ecohumanism
2024
Volume: 3, No: 8, pp. 5267 — 5277

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)

https:

ecohumanism.co.uk/joe/ecohumanism

DOL https://doi.org/10.62754/joe.v3i8.5252
Imaging Al Application | Impact on Diagnostic | Example
Modality Accuracy
CT Scan Tumor detection | Improved sensitivity in early- | AI detected small nodules
stage lung cancer detection missed by human radiologists
MRI Brain Enhanced  identification of | AI  improved  diagnostic
abnormalities strokes, MS lesions, and tumors | accuracy by 20% in stroke
patients
X-Ray Fracture Reduced false positives in | Al detected fractures in
detection musculoskeletal radiographs complex bone structures
Ultrasound Heart disease | More accurate assessment of | Al improved left ventricular
detection heart conditions ejection fraction estimation

Figure 1: AT vs. Human Radiologist Diagnostic Accuracy in Cancer Detection
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These bars illustrate the diagnostic performances of the developed Al models against human radiologists for different cancers,
including lung, breast, and prostate cancer. Based on the studies, the sensitivity of Al models is increased while the false-negative

rates are lower.

Pre-Al and Post-Al Model Detection Accuracy in Cancer Diagnosis
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The use of Al models for diagnostic imaging, especially for oncology, has improved detection accuracy
significantly and given a better perspective on the advances made in diagnostic radiology. Comparing the
indexes of sensitivity in cancer detection both before and after the use of Al algorithms is evidence of the
progress in eatly diagnosis, which is effective in enhancing patients' outcomes.

Lung Cancer Detection: Pre-Al vs. Post-Al

Lung cancer diagnosed with imaging techniques, including the CT scan, has a counterpart sensitivity of
about 85% before applying the Al algorithms. Yet, the rate was above average, and there were some issues;
specifically, the detection of small or first-stage tumors may be difficult, and sometimes, the cancer may be
confused with the benign tumor. Patients could have tumors that the human radiologists could miss or
identify as a certain shape when, in fact, they are nodules—these were false negatives that caused a delay in

treatment.
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After AL lung cancer's sensitivity increased to 94%, proving that its ability to diagnose is significantly increasing. AI models
have demonstrated even higher performance in recognizing tiny nodules that humans can hardly detect, especially when specialists
apply CNNs. Such adpancement means early diagnosis of lung cancer; efforts to treat the disease are intervened, and therefore,

this will lead to far better outcomes for patients.
Breast Cancer Detection: Pre-Al vs. Post-Al

Likewise, sensitivity in breast cancer detection has recorded a remarkable high with the help of artificial
intelligence. Before the implementation of artificial intelligence, the sensitivity of mammograms to diagnose
breast cancer was about 80%; this is 20% of the cancers that are not detected because they can only be seen

after a certain delay.

This organization shows that post-Al implementation, the sensitivity for breast cancer detection has
reached 90%, an improvement from the initial detection Al level. The use of Al algorithms in
mammography has enhanced the accuracy of classifying malignant from benign lesions and minimized false
positives and false negatives. This increase in precision is important for eatly diagnosis and, therefore, a
better prognosis for breast cancer patients

Graph 1: Al application in radiology departments: Improving workflow efficiency
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The following graph shows the enbanced flow of work, represented by the T AT of reports, after applying artificial intelligence
imaging tools in radiology areas. By integrating Al, the time consumed for conducting an initial analysis of images was cut
down by thirty-five percent; this indirectly expanded speed in diagnosis and subsequently improved health care.

Discussion

The use of artificial intelligence (Al) in radiology shows promising features that might significantly strike
ray diagnostics, increasing the effectiveness and efficacy of different radiological tasks (Strubchevska et al.,
2024). Other forms of Al are beneficial in addressing some of the long-standing problems of imaging data
that traditional data analysis cannot solve due to the large amount of data in the healthcare sector. The
utilization of Al technology in reading medical images thus becomes necessary since the volume and
complexity of the data are continuously rising, and the expectations placed on healthcare professionals
continue to rise to meet the needs of several patients.

Al Effects on Diagnostic Performance

One of the most exciting areas of applying Al to radiology is that it can dramatically boost diagnostic
accuracy. Research has revealed that deep learning has the potential to achieve even better results in those
areas and outcompete human radiologists. For instance, different AI models have provided quite high
performance in diagnosing early stages of cancer cases, including lung and breast cancer, by detecting small
lesions or tumors that radiologists may not easily detect. Such Al models as CNNs can analyze medical
images and detect pathology with a certain accuracy superior to that of, for example,"

Figure 2: Impact of Al in Healthcare Development
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Furthermore, it can continue to detect threats based on data learned from various examples and
applications. Through deployment, millions of images are tagged, which helps distinguish one particular
condition from another; Al makes a great diagnostic tool in imaging. In some circumstances, it has been
demonstrated that Al systems are more sensitive to a disease like breast or lung cancer, and, therefore,
clinicians can diagnose illness at an early stage where treatment would likely be effective (Bi et al., 2019).

Efficiency and Automation of Business Processes

Apart from enhancing the accuracy of diagnosis, Al can potentially reform the practices in radiology
settings. Some of the procedures that the Al could perform are image segmentation and case detection and
classification, which means that radiologists will handle only complex cases that require such attention.
Since these tasks are time-consuming and challenging to radiologists, Al increases the throughput and the
number of images a radiologist interprets within a given time (Pesapane et al., 2018; Alzyoud et al., 2024;
Mohammad et al., 2022; Rahamneh et al., 2023). This is quite relevant, especially since there may be several
images to go through daily, particularly in a highly active clinical setting such as the emergency room or a
big hospital.
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Graph 2: Graphical representation of the different relationship between the amount of data given to traditional ML or
DL systems and their performance. Only DL systems continue to increase their performance
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The accelerated rate of review has potential benefits in terms of diagnosis delivery and decision-making,
which translate into better patient outcomes. Moreover, even in areas where there is a scarcity of
radiologists, Al can be useful in functioning as another aid to other practitioners and facilitating quicker
and better diagnosis (Pesapane et al., 2018b).

Challenges and Limitations

Nonetheless, the tremendous progress shown with Al in radiology has shown several potential issues that
require resolution before becoming a part of the practice. However, one of the most significant problems
is the nature of the data fed into the application to improve artificial intelligence (Tang, 2019). DIY Al
systems depend on large labeled datasets to learn how to identify patterns in medical images. The
effectiveness of Al algorithms is as good as the quality, and the variety of the data sets fed into the
algorithms. Suppose the datasets are insufficient or they are not balanced. In that case, the whole diagnostic
ability will be erroneous, or the Al model's generalization capability will be bad, which would cause several
critical issues in practice (Taye, 2023; Al-Azzam et al., 2023; Al-Shormana et al., 2022; Al-E'wesat et al,,
2024). It is important to preprocess data sets so that gained models do not contain any form of bias and
deliver faitly across populations and medical conditions.

One problem is that many underlying Al algorithms can often be opaque and thus are called black boxes.
Several Al models, such as deep networks, can be highly opaque, and radiologists may not comprehend
how a nurturing Al system makes its decisions. This problem is a major limitation to the general use of Al
applications in healthcare facilities (Marey et al., 2024). This is especially important in radiology, where
clinicians are supposed to make important decisions based on imaging findings, and knowing why an Al
model provided particular recommendations is crucial in this case. If there is no interpretability, the
radiologists may not trust the Al systems 100% for use in their everyday practice.

Ethical and Regulatory Considerations
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The last factor that explains the use of Al in healthcare is related to ethically motivated factors. Data privacy
is important since artificial intelligence depends on patient data to train the models. Separating patient
details and making certain Al models conform to the principles of data protection legislation like the Health
Insurance Portability and Accountability Act (HIPAA) are essential steps toward sustaining patient trust
and using artificial intelligence correctly (Farhud & Zokaei, 2021). However, there is also a risk that Al
algorithms are prone to reproducing the general data-induced bias and, as a result, can provide unequal
treatment. For instance, if an Al model has been trained mostly on images of white women, then this would
pootly impact non-white women, contributing to possible health disparities.

Secondly, according to Alves et al. (2024), the utilization of Al in determining the decisions to be made
raises the need to determine the specific amount of discretion that should be left to the system and the
amount that has to be reserved for the decision-maker. It will also mean that Al working in partnership
with radiologists will require human guidance so that the means recommended by Al are the best for the
specific patient, their history, and clinical scenario. Al should be considered an enhancement asset for
businesses instead of a means to replace employees fully. Given that, radiologists remain responsible for
the diagnosis and must include the information introduced by Al into their thinking process.

Conclusion

Advanced imaging technologies using Al capabilities could provide improved or increased diagnostic
capability and efficiency and assist clinicians in achieving better organizational directions for patient care.
The discussion conducted in this paper also reveals the opportunity to implement Al in radiology, such as
cancer diagnostics, cardiac imaging, and musculoskeletal rating. Even though Al in radiology has been
considered more variable in terms of validity, homogeneity, and clinical applicability, its application is set
to expand due to the continuing advancement in literature and practice.

Recommendations

1. Continued Research and Development: Another direction for the further development of deep
learning algorithms should putrsue enhancement of the Al systems' efficacy and stability, especially
in contexts of different clinical practices.

2. Collaboration Between Radiologists and Al Experts: Radiologists, developers, and engineers
should jointly discuss clinical needs and the interpretability of Al applications.

3. Regulatory Oversight: In many cases, there are no specific rules and requirements for Al-based
imaging solutions; however, it is high time to set criteria to guarantee patient protection and safe
handling of personal information.

4. Training and Education: Radiologists need to be trained to acquaint themselves with Al in order
to integrate it effectively into clinical work.
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