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Abstract:

The rapid advancement of digital x-ray technology has revolutionized medical imaging,
providing radiologists with more accurate, efficient, and safer diagnostic tools than
traditional methods. Digital x-rays use advanced digital sensors to capture images and
convert them into digital formats, providing higher resolution, reduced radiation exposure,
and faster image processing. This transformation not only enhances the ability to diagnose
diseases more accurately, but also improves patient care by reducing the health risks
associated with prolonged radiation exposure. Furthermore, digital x-rays are being
integrated into electronic health records, enabling seamless image sharing across
healthcare networks. This review examines the latest advances in digital radiology, the
advantages and challenges of adopting digital x-rays, and their profound impact on
improving diagnostic accuracy and patient outcomes. It also explores the integration of
artificial intelligence and machine learning in radiological diagnostics, emphasizing the
role of digital x-rays in the future of personalized medicine.
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Introduction:

Recently, radiology departments have witnessed radical transformations due to the
increasing reliance on technology [1]. X-ray technology is one of the main pillars in the
field of medical imaging, which has contributed to providing accurate diagnoses for
various pathological conditions [1,2]. It has witnessed a remarkable development with the
widespread use of modern digital technologies in healthcare, as it has transformed from the
traditional X-ray system to digital X-ray technology, which has revolutionized the world of
medical diagnosis [3].Digital X-rays are characterized by their ability to capture, store and
process radiological images without the need for traditional methods such as traditional
films or chemical processing [3,4].

Digital X-rays rely on the use of advanced digital sensors to capture the image resulting
from X-rays, which are directly converted into a digital image that is easy to view and
analyze. Digital X-rays have contributed to improving the quality of radiological images,
saving time and reducing the need for exposure to high doses of radiation, thus reducing
health risks for patients and workers in radiology departments [5]. The advantages of digital
X-rays include improving radiological images and magnifying small details, which
contributes to enhancing the ability of doctors to make quick and accurate diagnoses [6].
Moreover, digital images can be stored in the patient’s files on network servers in
electronic health records, making them easy to access at any time and share with other
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doctors in different places. This enhances the accuracy of diagnosis and improves patient
outcomes [7].

In addition, digital X-rays contribute to reducing the risks associated with traditional X-
rays, as they are performed with a radiation dose ranging from 50% to 90% lower and
produce radiological images with higher resolution, making them a safer option for
patients, especially in cases that require repeated imaging [8].Digital X-rays are also more
accurate in displaying fine details, as some digital sensors reach an accuracy of up to 22
lines per millimeter, which contributes to the ability to enlarge the image, improve the
clarity of complex tissues, and even modify colors to clarify different pathological
conditions [9].Digital X-rays have revolutionized the fields of medicine and medical
diagnosis, enhancing ability to diagnose early and accurately determining the appropriate
treatment.Accordingly, this technology continues to evolve to provide the best medical
care to the patient, reflecting the commitment of health systems to adopt the latest
innovations to provide distinguished medical service [3,10].

Therefore, this review seeks to review the latest technologies in radiological imaging and
their role in enhancing patient outcomes and public health.

What is the Digital X-Ray?

X-ray imaging (radiography) is a non-invasive medical test that helps doctors diagnose and
treat medical conditions. X-ray imaging involves exposing part of the body to a small dose
of ionizing radiation to produce images of the inside of the body. X-rays are the oldest and
most widely used type of medical imaging. Digital radiography is an imaging system in
which x-ray film is replaced with electronics that convert x-rays into digital images. In
digital x-rays, the x-ray machine uses a sensor to capture the image, and the resulting
image is immediately available on a computer screen [11].This allows the radiologist or
technician to view and analyze the image faster and easier than x-rays on film. Digital x-
rays also offer the ability to digitally enhance and manipulate the image, allowing for more
accurate diagnoses and better visualization of fine details [10]. Additionally, digital x-rays
require lower doses of radiation than x-rays on film, making them safer for patients [12].
Recent developments in X-ray imaging techniques

Digital technologies have contributed to the development of medical radiology imaging,
improving patient outcomes and diagnostic accuracy. Among these recent developments in
X-ray technology are:

Digital Radiography (DR)

Technological advances have contributed to the development of radiological imaging
techniques. Digital Radiography (DR) imaging relies on capturing radiological images
through digital sensors, unlike traditional X-rays that rely on photographic films [13].
Digital Radiography (DR) imaging offers many benefits, including the speed of obtaining
digital images that are available almost immediately after the examination, and reducing
exposure to radiation, as digital imaging typically requires lower radiation doses compared
to traditional techniques. In addition, digital images can be enhanced, enlarged or
modified, which facilitates more accurate diagnosis of cases [14].

3D X-ray Imaging

3D X-ray imaging technology has contributed to enhancing the accuracy of medical
diagnosis. 3D X-ray imaging is characterized by the ability to produce radiological images
with deeper and more accurate details that were not possible with traditional 2D X-rays
[15]. This technology is crucial in diagnosing complex cases or planning delicate surgeries,
helping doctors see and diagnose challenges that may not appear in traditional images.
Dual-Extra X-Ray (DEXA)

Dual-Extra X-Ray (DEXA) is an old radiological imaging technique, but it has been
developed using modern digital technologies and has led to increased diagnostic accuracy.
Especially in cases of fractures and osteoporosis, it has become more capable of measuring
bone mineral density with high accuracy, which helps in early detection of osteoporosis
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[16]. These developments have contributed to making DEXA an essential tool in the
prevention and treatment of bone diseases.

Portable X-rays

Modern portable X-rays are lighter and more efficient than ever before, and they provide
high-quality images. This feature allows medical staff to provide accurate diagnoses for
patients who are difficult to transport, such as those in intensive care. Thanks to these
devices, examinations can be performed quickly and easily in places that are usually
inaccessible, ensuring comprehensive healthcare [17].

Integrating Al and Machine Learning

Artificial intelligence, deep learning, and machine learning tools are making X-rays more
effective. Al tools play a significant role in helping radiologists highlight areas of concern
in images, ensuring that no vital details are missed and helping to provide accurate
diagnoses. Al can also speed up the analysis process and improve the accuracy of results
[18].

Improving image archiving and sharing

With the advancement of digital imaging technologies, the ability to store, retrieve, and
share images easily among healthcare professionals has become possible by integrating
and archiving them into electronic health records. Modern systems allow images to be
archived efficiently and shared between doctors and hospitals, contributing to the provision
of comprehensive healthcare to the patient and enhancing coordination between medical
teams [19].

Benefits and Advantages of Digital X-ray Technology

Improved Image Quality

The shift from traditional X-rays to digital X-rays has significantly improved the quality of
radiological images. Digital X-rays rely on advanced sensors such as charge-coupled
devices (CCDs) and flat panels to capture radiological images with better resolution and
contrast than traditional methods [3,20]. This enhances the ability of radiologists to detect
fine details more accurately and improves the accuracy of early diagnosis of diseases.
Reduced radiation exposure

Digital X-rays are characterized by their ability to produce more accurate radiological
images and less radiation exposure than traditional methods. Digital X-rays rely on more
sensitive X-ray detectors, which reduces the doses required to obtain high-quality images.
This, in turn, enhances the safety of patients and staff in radiology departments, especially
for those who require frequent imaging such as patients with chronic conditions or long-
term treatment [10,21].

Faster of X-rays image acquisition and processing

Digital X-rays are characterized by their ability to produce and process radiological images
much faster than traditional methods that require manual processing that takes longer. This
allows for quick and accurate decisions about treatment. Digital images can also be sent
immediately to other departments or specialists, which enhances medical coordination and
ensures fast and effective care [21,22].

Computer-Aided Diagnosis (CAD)

Integrating digital X-rays with artificial intelligence has contributed to the development of
computer-aided diagnosis (CAD) systems, which help doctors detect diseases and
abnormalities in images. Which reduces human error and increases the accuracy of
diagnoses [23].

Integration withPicture Archiving and Communication Systems PACS

Integrating digital x-rays with PACS allows for the storage of medical images and patient
data in a consolidated manner, making them easily accessible and shared across healthcare
facilities and departments [24]. This integration enhances collaboration between healthcare
professionals and contributes to improved patient management by facilitating telemedicine
applications, allowing specialists to provide remote consultations.
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Challenges of Adopting Digital X-rays

High cost

This is one of the biggest challenges facing the transition to digital X-rays, as it requires
high costs to provide modern equipment and technologies [3]. However, in the long run, it
will lead to significant savings and eliminate the need for films, chemicals, or large storage
spaces.

Keeping up with the requirements of digital systems

The transition to digital X-rays requires updates to the IT infrastructure. Computer and
network specifications must be improved to ensure that digital images are processed and
stored effectively [25].

Learning curve

The transition to digital X-rays requires training and qualifications of radiologists to deal
with digital technologies and ensure that they are used correctly [1].

Adapting to the new workflow

Although digital X-rays save time and facilitate the processing and accurate display of
radiological images, radiologists may need to adapt to modern technologies and procedures
followed in radiological imaging [26].

Conclusion:

In conclusion, the adoption of digital X-ray technology has fundamentally changed the
field of medical imaging by improving the speed, quality, and safety of diagnostic
procedures. With its ability to produce high-resolution images at significantly lower
radiation doses, digital X-ray technology not only enhances diagnostic capabilities but also
contributes to improved patient outcomes. Despite challenges such as high costs and the
need for ongoing training, the long-term benefits of digital X-rays are undeniable. As the
technology continues to evolve, the incorporation of artificial intelligence and advanced
machine learning algorithms promises to further improve diagnostic accuracy and support
the future of healthcare. Ultimately, digital X-rays are set to play a pivotal role in the
advancement of personalized medicine, leading to more efficient, effective, and patient-
centered care.
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