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Abstract: Since Wilhelm Conrad Roentgen's groundbreaking discovery of X-rays in 1895, the field of radiology has witnessed
remarkable technological progress.

This review traces the evolution of X-ray imaging from traditional film-based methods to the incorporation of artificial
intelligence (Al). It highlights key advancements such as computed and digital radiography, the implementation of PACS
(Picture Archiving and Communication Systems), and the rise of Al-driven tools in diagnostic imaging. These developments
have significantly enhanced diagnostic speed, accuracy, and safety. Additionally, the article discusses the opportunities and
challenges posed by Al in radiology, focusing on its ethical, practical, and clinical implications. By analyzing both historical and
current trends, this paper provides a comprehensive understanding of how X-ray technology continues to evolve and shape
modern healthcare.

L. INTRODUCTION
The discovery of X-rays by Wilhelm Roentgen in the late 19th century transformed medical diagnostics by allowing clinicians to
visualize internal structures non-invasively [1].
Initially, X-ray imaging relied on analog film and manual processing, requiring skilled interpretation without digital enhancements.
Over the decades, technological innovations have transitioned X-ray imaging into the digital era, culminating in the integration of
artificial intelligence. This review examines the historical trajectory of X-ray technology and explores how Al is redefining
radiological practices today.

1. THE ERA OF FILM-BASED RADIOGRAPHY
For much of the 20th century, radiographic imaging was performed using analog film. These systems captured images on
photographic plates, which required chemical processing in darkrooms [2,3].
e Strengths: Excellent image resolution and long-term archiving.
e Limitations: Time-consuming development, limited image editing capabilities, and bulky storage needs.
Radiologists relied entirely on manual interpretation without the aid of digital enhancement tools, which sometimes limited
diagnostic efficiency in critical care settings

1. DIGITAL TRANSFORMATION: CR AND DR SYSTEMS
The shift from analog to digital began in the 1980s with the development of Computed Radiography (CR), which utilized reusable
phosphor imaging plates to digitize X-ray images [4]. This was followed by Digital Radiography (DR), offering faster and more
efficient imaging using flat-panel detectors.

A. Key Benefits

e Instant image preview

e Enhanced image quality through post-processing

e Lower radiation doses

o Integration with digital storage systems

These systems revolutionized how radiologic data was captured, stored, and interpreted.
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V. PACS AND RIS INTEGRATION
The implementation of Picture Archiving and Communication Systems (PACS) and Radiology Information Systems (RIS) marked
another leap in efficiency. These platforms streamlined data storage, retrieval, and sharing across departments and hospitals [5].
1) Enabled centralized access to radiographic data
2) Facilitated remote consultations and teleradiology
3) Improved patient care coordination

V. THE RISE OF ARTIFICIAL INTELLIGENCE IN RADIOLOGY
The incorporation of Al into radiology began gaining momentum in the 2010s, especially with the emergence of deep learning
techniques.
Al now contributes to:
1) Detecting abnormalities (e.g., lung nodules, fractures)
2) Prioritizing urgent cases
3) Enhancing image interpretation accuracy
Several studies have demonstrated that Al algorithms can match or exceed human performance in tasks such as detecting
pneumonia on chest X-rays [6,7].

VI. CLINICAL APPLICATIONS OF Al TOOLS
Numerous Al-powered platforms such as gXR (Qure.ai), Aidoc, and Zebra Medical Vision are now used in clinical environments
[8].
1) These tools assist radiologists by:
e Highlighting abnormal findings
e Automating routine measurements
e Reducing reporting delays
2) Advantages: Faster workflows, improved diagnostic confidence, and reduced variability in interpretations.

VII. LIMITATIONS AND ETHICAL CONSIDERATIONS
Despite its benefits, Al integration in radiology presents several challenges [9]:
1) Bias in algorithms due to non-representative training data
2) Lack of transparency in decision-making processes
3) Legal and ethical accountability in case of errors
4) Skepticism among professionals about job security and over-reliance on technology. It is important to recognize that Al is a tool
meant to support—not replace—the expertise of trained radiologists.

VIIl.  FUTURE PERSPECTIVES
The future of X-ray technology is likely to include:
1) Radiomics: Advanced image analysis techniques that extract quantitative features for predictive diagnostics.
2) Al-enabled mobile imaging units for field and rural use.
3) Autonomous systems for initial reporting of routine radiographs.
4) Personalized diagnostics powered by Al and big data analytics [10].
Such developments will further bridge the gap between technology and clinical decision-making.

IX. CONCLUSION
The evolution of X-ray imaging technology from film-based radiographs to Al-assisted diagnostics illustrates the dynamic nature of
medical imaging. Each phase of development—from analog to digital, and now intelligent automation—has brought about improved
efficiency, safety, and accuracy. While Al holds great promise in enhancing radiological workflows, its implementation must be
carefully managed to ensure ethical use and clinical effectiveness. Continued innovation and collaboration between radiologists,
technologists, and Al developers will be key in shaping the future of radiology.
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