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ABSTRACT 
X-ray were discovered in 1895, the explosion of research that occurred shortly thereafter paved the way 

for much of the diagnostic imaging that we have today not just in medicine, but also in industrial and even 
scientific uses of these powerful technologies. Originally employed for examining the skeletal system, x-rays 
have become an integral part of modern medicine, which aids in different pathological conditions like 
fractures and tumors along with playing a vital role in treatment, as in the case of radiotherapy. Exploring 
various imaging methods such as conventional radiography, computed tomography (CT), and digital 
radiography suggests an ongoing pursuit to improve image quality while minimizing radiation exposure but 
with the risk of increasing radiation dose. Although X-rays are effective, radiation safety issues continue to 
arise, especially since ionizing radiation is associated with an increased risk of cancer later in life. Rapid 
maturity in radiology and the advent of sophisticated technologies like artificial intelligence and digital 
modeling systems have further redefined the radiology space and its impact in diagnostic accuracy and 
workflow efficiency. With the advancement of the field, an in-depth knowledge of the ethical considerations, 
regulatory requirements, and patient safety measures is of utmost importance. This review summarizes the 
historical development, the underlying concepts, and the current applications of X-ray technology and 
outlines the need for further investigations to develop solutions to minimize potential harms while enhancing 
its clinical applications. X-ray imaging is an essential diagnostic tool widely used in healthcare settings; 
however, translation into clinical practice is fraught with challenges that, if left untreated, can inhibit 
improvement of patient care and radiological safety. 
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 المستقبليت والتىجهاث والتحدياث المتطىرة التطبيقاث: الطب في السينيت الأشعت أهميت

 
 *يصطفٗ ػهٙ دَٛا

 انؼشاق بغذاد، انٕسطٗ، انخمُٛت انجايؼت بغذاد، - ٔانطبٛت انصحٛت انخمُٛاث كهٛت الأشؼت، حمُٛاث لسى*

 الخلاصت

 انخصٕٚش يٍ نكثٛش انطشٚك لصٛش بٕلج رنك بؼذ حذثج انخٙ انبحثٛت انطفشة ٔيٓذّث ،٥٩٨١ ػاو انسُٛٛت الأشؼت اكخشُفج

. انمٕٚت انخمُٛاث نٓزِ انؼهًٛت ٔحخٗ انصُاػٛت الاسخخذاياث فٙ أٚضًا بم انطب، فٙ فمظ نٛس انٕٛو، َسخخذيّ انز٘ انخشخٛصٙ

 حشخٛص فٙ حساػذ إر انحذٚث، انطب يٍ ٚخجضأ لا جضءًا ٔأصبحج انؼظًٙ، انٓٛكم نفحص الأصم فٙ انسُٛٛت الأشؼت اسخخُذيج

 اسخكشاف ٚشٛش. الإشؼاػٙ انؼلاج فٙ انحال ْٕ كًا انؼلاج، فٙ انحٕٛ٘ دٔسْا جاَب إنٗ ٔالأٔساو، انكسٕس يثم يخخهفت حالاث

 إنٗ انشلًٙ، انشؼاػٙ ٔانخصٕٚش (CT) انًحٕسب انًمطؼٙ ٔانخصٕٚش انخمهٛذ٘ انشؼاػٙ انخصٕٚش يثم انًخخهفت، انخصٕٚش أسانٛب

 انسلايت لضاٚا أٌ إلا انسُٛٛت، الأشؼت فؼانٛت يٍ انشغى ػهٗ. نلإشؼاع انخؼشض حمهٛم يغ انصٕسة جٕدة نخحسٍٛ يسخًش سؼٙ

 أدٖ ٔلذ. انؼًش يٍ لاحمت يشاحم فٙ بانسشطاٌ الإصابت خطش بضٚادة ٚشحبظ انًؤٍٚ الإشؼاع ٔأٌ سًٛا لا لائًت، حضال لا الإشؼاػٛت

 يجال حؼشٚف إػادة إنٗ انشلًٛت انًُزجت ٔأَظًت الاصطُاػٙ انزكاء يثم يخطٕسة حمُٛاث ٔظٕٓس الأشؼت يجال فٙ انسشٚغ انخطٕس

 الأخلالٛت بالاػخباساث انؼًٛمت انًؼشفت أصبحج انًجال، ْزا حمذو يغ. انؼًم سٛش ٔكفاءة انخشخٛص دلت ػهٗ ٔحأثٛشِ الأشؼت

 الأساسٛت ٔانًفاْٛى انخاسٚخٙ انخطٕس انًشاجؼت ْزِ حهُخص .لصٕٖ أًْٛت راث انًشضٗ سلايت ٔحذابٛش انخُظًٛٛت ٔانًخطهباث

 حؼضٚض يغ انًحخًهت الأضشاس يٍ نهحذ حهٕل لإٚجاد انذساساث يٍ ٚذيض إنٗ انحاجت ٔحبُشص انسُٛٛت، الأشؼت نخمُٛت انحانٛت ٔانخطبٛماث

 إلا انصحٛت؛ انشػاٚت يشافك فٙ ٔاسغ َطاق ػهٗ حسُخخذو أساسٛت حشخٛصٛت أداة انسُٛٛت بالأشؼت انخصٕٚش ٚؼُذ. انسشٚشٚت حطبٛماحٓا

 دٌٔ حشُكج إرا الإشؼاػٛت ٔانسلايت انًشضٗ سػاٚت ححسٍٛ حؼُٛك لذ انخٙ بانخحذٚاث يحفٕف انسشٚشٚت انًًاسست فٙ حطبٛمٓا أٌ

 .يؼانجت
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 .انخصٕٚش طشٚمت انسشٚشٚت، انخطبٛماث انخشخٛصٙ، انخصٕٚش انسُٛٛت، الأشؼت :المفتاحيت الكلماث

 

INTRODUCTION TO X-RAY 
illiam Roentgen presented a lecture 
presenting X-ray to the German Physical 

Society in Paris on February 21st, 1896. In 
February 1995, ninety-nine years later, scientists at 
the Stanford particle accelerator, again driven by 
the thirst to discover and learn, found that bacteria 
could be destroyed by pulses of X-ray. Together 
these two events heralded the realization of a 
powerful new tool that would forever change 
science, health, and industry, from cancer 
diagnosis to protein structure determination. X-ray 
machines soon became a tool in routine medical 
practice for imaging bones and different body 
tissue structures 

1-3
. Since a quincunx of numerous 

individual X-ray device types has been 
constructed, so have the operating principles and 
instrumentations parallel to the devices 

4
. Since 

their invention, X-ray have gained widespread 
applications, ranging from projection radiography 
to computed tomography. Their technology 
improved generation upon generation, year by 
year 

5
. 

 
 
 
 
 

X-Ray Imaging: Fundamentals 
Radiography, or X-ray imaging, generates a two-

dimensional projection image of the internal 
structures, capturing an object using ionizing 
radiation. This technique works by shining direct x-
rays through the object and creating a 
transmission image on a detector. How a 
radiographic signal is read out determines the 
classification of detector systems into either analog 
or digital. There exists a strong correlation 
between image quality and dose level to be used 
for x-ray imaging, which always had to be 
compromised due to the conflicting nature of the 
two parameters 

6
. Data from an imaging X-ray 

tube comprising a glass bulb with filaments and an 
anode. Glass blowers have left the space in a 
state of extremely high vacuum to enable a huge 
voltage (approx. 30-150 kVp) to be supplied across 
the tube. Usually tungsten filaments, which are 
resistively heated to give off free electrons in the 
area an installation causes a gradual high voltage 
to accelerate the electrons and flatten them toward 
the anode target of millimeter squares area. When 
the electrons strike their targets, they release 
almost all their kinetic energy: which is converted 
to x-rays and the remaining to heat as shown in 
figure 1 

7
. 

 
Figure 1. components of the x-ray generator and x-ray tube are shown. The x-ray generator supplies 

electricity to the x-ray tube and gives the operator control over radiography procedures, such as tube 
voltage (kVp), tube current (mA), and exposure duration. The x-ray tube supplies the following: an 
environment (high-voltage cable sockets and an evacuated x-ray tube insert), an electron source 

(cathode), an x-ray source (anode), an induction motor to rotate the anode (rotor/stator), transformer 
oil and expansion bellows to prevent electrical and thermal buildup, and a tube housing to support the 

insert and shield it from radiation leaks. 
8
.  

W 
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Different Types of X-Ray Imaging 

Methods 
Many X-ray imaging techniques are available, but 

the most popular is screen-film radiography, which 
uses radiographic plates that are photographic 
plates 

9
. This method contributes to about 90% of 

all the diagnostic radiographs. Conventional X-ray 
or radiology, known as film-screen systems, is 
highly accessible 

10
. Fluoroscopy is the 

combination of an X-ray emitting source and a 
fluorescent screen yielding real-time- and 
sequentially non-stop imaging recorded via digital 
imaging sensors  

11- 12
. 

 Such a technique has been applied in many 
applications of medical imaging for example 
intravenous urography. Another method for 
imaging is computed tomography. In computed 
tomography (CT), multiple views are acquired plus 
multiple XR tube detectors at varying angular 
distributions to form multi depth-resolved image at 
various sections and planes. In the projection 
stage, an X-ray source and detector rotate around 
the object to create a three--dimensional data 
cube, which is computed using filtering methods 
13

.  
 

Use of X-Rays In Medicine 
The x-ray used in preventative, diagnostic, 

therapeutic, and research settings, X-rays are a 
mainstay of diagnostics in medicine. Applications 
— new and old — are always changing. Well-
known examples of preventative medicine include 
mammograms, dual energy X-ray absorptiometry 
(DEXA), and low-dose lung cancer screening. 
Bone density can be diagnosed by DEXA scans, 
which can be performed in wide range of patients 
without self-report 

14
. 

 
Bone Fractures Imaging 

Bone fractures top list of trauma conditions. By 
visualizing the fracture, radiology has a significant 
role in the diagnosis, healing stages, post-
treatment complications, and follow-up of fracture 
complications. Imaging modalities are primarily 
routine projection radiography, CT, and MRI. 
Routine projection radiography is the initial 
screening test and is generally performed as the 
plain X-ray examination of the affected area, such 
as of antero-posterior and lateral 

15
. The main 

information obtained is presented as fracture, 
interruption of the cortex.  
This type of imaging allows better assessment of 

fracture fragment rotation and detection of concave 
cortical bone in hidden fracture and radiological 
assessment of bone union; plain radiography is 
almost always sufficient for fracture management. 

But, there are a few selected cases where the 
evaluation of deformity and complexity of fracture 
is considerably limited by amino bony mix-up in 
basic projection view; CT can come to aid. MRI is 
not only useful in detecting the occult fracture but 
also in characterizing the soft tissue injury 
associated with fracture 

16-17
. 

 
Tumors Imaging 

Tumors are malignant or benign masses with a 
diameter of a few micrometers up to several 
centimeters. Any tissue abnormality would affect 
by x-ray attenuation either quantitatively or 
qualitatively. X- ray play role in detect tumor such 
as tumor of breast which can be presented by 
fluorescence x-ray examination find a little 
malignant tumor with x-ray find but the dose of x-
ray less than mammography. Fluorescence X-ray 
analysis identifies the carcinoma from the breast 
by analyzing the secondary x-rays that are 
originated from the breast tissue when exposed to 
the primary x-rays. It helps in element mapping 
that can help to locate it more precisely with the 
tumors 

18
. 

 
Cardiovascular Imaging 

Cardiovascular imaging includes several 
noninvasive visualizing modalities such as X-ray 
radiography, echocardiography, ultrasound, 
Doppler imaging, computed tomography (CT), 
nuclear imaging, and interventional radiology 

19
. 

There are unique features concerning the duration 
and what is outputted for each method. X-ray 
imaging is based on the attenuation of X-ray the 
smaller the amount of radiation reaching the 
detector based on the density and thickness of the 
material, the brighter of a spot the pixel will 
become, since certain planes in the human body 
may absorb more based on the presence of the 
heart or location of the lungs. Because of its safety, 
availability, and versatility, echocardiography 
continues to be the workhorse of cardiovascular 
disease assessment. It is composed of multiple 
modalities: M-mode, 2D transthoracic, Doppler, 
contrast, and transesophageal echocardiography. 
Temporal resolution for dynamic structures is often 
possible with M-mode, while 2D transthoracic 
echocardiography allows assessment of cardiac 
chambers and valves to visualize structural 
abnormalities. Doppler echocardiography is vital 
for assessing the direction and velocity of blood 
flow, especially in valvular diseases. 
Transesophageal echocardiographic views of the 
cardiac structures are more detailed and are 
essential in evaluating valvular heart disease and 
excluding thrombus before procedures 

20, 21
. 

Piezoelectric crystals are utilized in ultrasound 
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systems to create sound waves that differentiate 
tissues through acoustic impedance.  
Although safe and inexpensive, deep thoracic 

structures pose a challenge due to high 
attenuation and poor identification of the heart. In 
fact, intracoronary ultrasound, a tiny ultrasound 
transducer mounted to a catheter, offers a 
resolution superior to conventional X-ray 
angiograms for studying the heart. Doppler 
imaging techniques identify blood flow speed and 
direction and are used in ultrasound and laser 
methods, typically in the form of color Doppler, 
which is the basis of non-invasive vascular 
imaging. These techniques can also obviate the 
need for invasive procedures and provide 
complete vascular evaluations in pediatric patients 
23

. Interventional radiology uses fluoroscopy, 
ultrasound, CT, and MRI to guide minimally 
invasive procedures. Although radiologists perform 
these image-guided interventions that include 
percutaneous drainage and tumor ablation, 
fluoroscopy requires extensive prior preparation 
and coordination among radiologists 

24,25
. These 

developments have made echocardiography an 
essential modality in cardiovascular evaluation as 
compared with other imaging modalities in terms of 
safety and availability for patients 

26
. 

 
Pediatric Imaging 

X-ray imaging systems and X-ray equipment for 
imaging of newborns and children clearly need to 
be designed and constructed with special 
emphasis on minimizing the radiation dose to the 
small patient. Age dependency of the radiation 
sensitivity was convincingly demonstrated in a 
nationwide cohort of cardiac CT examinations of 
children and adolescents. In 2010, 36 million CT 
examinations were performed in pediatric hospitals 
and clinics in Germany, which related to an 
effective dose of approximately 4631 
terabecquerel. Taking all CT examinations 
extrapolated an estimated 700 excess cancer risk 
in 0.76% 

27
, however  X-rays are crucial for the 

detection of a medical condition, such as a 
fracture, an infection, or a tumor 

28
. Radiation 

exposure risks must be minimized, specifically 
concerning the remaining lifespan of children and 
adolescents who are more sensitive to radiation-
induced cancers than adults . So it is important to 
keep radiation doses low, if possible, but in an 
adequate quality of the image. Children are more 
likely to be harmed by radiation because they 
have a less developed immune system. Therefore, 
it is essential to weigh the benefits of diagnostic X-
ray against the risks in children 

29
. CT examination 

should be avoided when possible and alternative 
imaging with ultrasound should be offered as 
appropriate, in order to minimize unwarranted 

radiation exposure to the healthcare provider. In 
addition, practitioners should always make sure to 
apply the lowest possible settings of radiation 
appropriate to the size of children 

30
. 

Researches has indicated that CT scans do 
increase radiation exposure in children – possibly 
by too much. But practitioners need to recognize 
where this is safe across age groupings and body 
types, therefore CT examination should only be 
done after careful consideration of the indication 
and alternative imaging modalities used first 

31
. 

Communication Without Rhetoric for Radiation 
Risk Parents should be made aware of child 
cancer risk potential. Moreover, innovations such 
as automatic exposure control systems can 
decrease doses in a way where image quality is 
not compromised but such technology is still not 
used in full potential. Advanced image processing 
methods could then be integrated to further 
minimize exposure. Further exploration of different 
methods of detection will help to make both safety 
and diagnosis more accurate. In the end, only by 
working healthcare providers and manufacturers 
together can ensure that the needs of pediatric 
patients come first 

32
. 

 
Geriatric Considerations 

The elderly patients usually need multiple 
complex overlapping diagnostic modalities to 
control their diseases, like X-ray tests, which are 
the key in identifying fractures like those of the 
osteoporosis bone and assessing joint status in 
conditions like osteoarthritis and rheumatoid 
arthritis. CT scans are also often used for chest 
imaging for pneumonia and heart failure and for 
abdominal imaging for bowel obstructions or 
tumors. But a lot of patients have radio phobic due 
to historical and cultural perceptions of X-ray 
examinations. Assessment of patient-reported 
concerns should be done in a professional manner 
by medical practitioners to decrease anxieties and 
optimize the effectiveness of therapy. Resources to 
provide to patients and families to clarify the fairly 
low risk of these types of examinations would also 
be useful 

33
.Other imaging methods comprise CT, 

which provides cross-sectional views for complex 
fractures, lung evaluations, and rapid stroke 
assessment. Magnetic resonance imaging (MRI) is 
useful for evaluating soft tissue, identifying tumors, 
and neuroimaging when there is suspicion for 
dementia. Ultrasound is used to assess the heart, 
perform abdominal imaging, and also detect deep 
vein thrombosis (DVT). Some other exams include 
bone scans for metastases and thyroid 
evaluations (for that, we use nuclear medicine). 
 Moreover, Doppler ultrasound plays an essential 

role in the evaluation of blood flow in arteries and 
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veins, and fluoroscopy is used in gastrointestinal 
imaging and in non-invasive procedures 

34, 35
. 

 

Radiotherapy 
Neoplastic cells have an increased susceptibility 

to irreversible mitotic catastrophe induced by DNA-
damaging events (e.g., in contrast to their normal 
counterparts). The major cause of this sensitivity is 
an inability to recover after DNA damage, allowing 
this to result in a survivable state post-irradiation. 
The likelihood (30% to 34%) of direct DNA break 
induction by low-energy X-rays and γ-irradiation is 
similar, and surviving cells, especially in the G2/M 
phase, fail to undergo lobulation as required, 
leading to irreversible DNA damage. This 
mechanism leads to the selective killing of cancer 
cells compared to normal cells 

36
. 

Artificial intelligence (AI) has multiple applications, 
such as surgical assistance, drug discovery, 
radiology, disease diagnosis, pathology, and 
treatment follow-up. Automated systems based on 
human resources management (HRM) technology 
are becoming increasingly prevalent in numerous 
medical domains used for cancer screening, 
including X-ray, CT, MRI, and PET. Example: Low-
Dose CT Lung Cancer Screening Lower 
downstage tumors are detected two years earlier 
than with conventional imaging, benign lesions are 
identified, and mortality is decreased by ~20%. 
Source. Training of Computer Aided Diagnosis 
(CADx) systems using AI technologies such as 
artificial neural networks (ANN), traditional AI 
approaches, deep learning (DL), radio frequency 
(RF), and support vector machine (SVM) 
approaches 

37
. The first models, based on image 

feature classification, were sensitive to image 
noise. Advancements in transfer learning, 
particularly with deep learning architectures that 
are pre-trained on large datasets, have improved 
feature extraction and reduced the time needed to 
develop a model. Most current HRM models focus 
exclusively on image-based diagnosis, though 
others supplement them with lesion characteristics 
with predictive analytics. Now there are high hopes 
for digital-style systems such as cancer diagnosis 
using CADx systems have been developed but in a 
controlled environment, which faces challenges in 
their ability to generalize into real-world use. 
Models serving high-throughput applications are 
being built to scan the mass images, classify the 
mass types, and suggest actions to take in a 
cancer diagnostic system 

38
. 

 

The X-Ray Risks  
The efficacy of X-ray imaging is quantified by 

measuring the X-ray attenuation between the 
source and the detector 

39
. Despite its benefits, 

exposure to X-rays brings the risk of free radical 
production that can trigger cancer, and adverse 
effects likely increase with exposure levels 

40
.  

It is well established that ionizing radiation can 
cause cancer but is also associated with a 
spectrum of non-cancer health effects, similar to 
environmental agents 

40
. It is possible that cancer 

and non-cancer risks could be due to radiation 
exposure in natural attenuation tests (NAT) of 
related radioactive waste disposal projects 

41
.  

The main proven long-term risks from exposure to 
artificial and augmented natural sources of 
ionizing radiation are increased incidence of 
leukemia, breast cancer, and thyroid cancer. 
Though there are some associated with other 
cancers and risks from non-cancer effects, the 
data behind these assertions are now poorer or 
absent. Crucially, existing evidence tends to 
suggest that the long-term detriments of ionizing 
radiation are likely to be underestimated, and in 
few studies can there be seen any strong grounds 
to imagine that the available evidence dramatically 
underestimates actual long-term risks.  
The knowledge about low-dose radiation 

exposure effects has improved considerably over 
the last years due to advances in radiobiological 
research 

42
. 

 
Radiation Exposure 

Radiation is classified into two types: ionizing and 
non-ionizing. Ionizing radiation being the source of 
radiation that has sufficient energy to displace 
electrons, generating secondary radiations capable 
of causing biological damage. The absorbed 
energy per kilogram, measured in grays (Gy), 
indicates potential effects on health. Medical 
imaging, known for diagnostic and therapeutic 
purposes, has been categorized as a non- 
occupational concern, and some estimates in the 
United States (US) indicate that this practice is 
responsible for around 1.5% to 2% of all cancers, 
particularly among developing countries.  
This has been proven to be harmful even at the 

lower and high doses, and a united Kingdome (Uk) 
study indicated that up to 20% of medical X-rays 
performed may provide no clinical value, potentially 
resulting in about 1,000 cancer cases annually so 
the radiologists are suffering from the serious 
health issues because they exposed to mount of x-
ray which caused dermatoses, and hematological 
disorders 

43
.  

 

The X-Ray Safety 
X-ray imaging is a widely used diagnostic tool in 

medicine, valued for its ability to provide rapid and 
effective visualization of internal structures. 
However, the safety of X-ray exposure is a critical 
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concern due to the potential health risks 
associated with ionizing radiation 

44 
.  

While X-ray imaging is essential for diagnosing 
various conditions, it is associated with certain 
health risks. To mitigate these risks, radiation 
safety protocols were established, setting dose 
limits to protect individuals working with radiation, 
including those using X-ray equipment. It is vital to 
adhere to the principle of keeping exposure levels 
as low as reasonably achievable (ALARA). The 
recommended limits include a whole-body dose of 
50 millisieverts (mSv), a lens dose of 150 mSv, 
and a shallow skin dose of 500 mSv. These 
measures are crucial in minimizing health risks 
associated with radiation exposure and reducing 
cancer risk. 

45
.  

Increased awareness of the risks associated with 
X-rays, especially from CT scans, is essential, as 
these procedures can expose patients to harmful 
radiation levels. CT colonography may also carry 
undisclosed risks, and unprotected X-ray 
fluoroscopy poses significant dangers, particularly 
for defense personnel. Urgent risk assessments 
are required to mitigate these exposures and 
enhance protective measures 

46
.  

Encouraging dialogue between patients and 
healthcare providers is essential for improving care 
quality. 
 

Protective Equipment 

The proper understanding of safety profile of X-
ray and the relevant protective measures 
applicable will prevent the non-desired exposure to 
radiation to patients and health profession. 
Controlling the exposure Doses is it is very 
important especially for CT doing patients where 
the radiation leakage is often observed from 
malfunctioned X-ray machines. Medical staff 
should use protective devices that protect patients 
from radiation and not just lead aprons that do not 
have total protection. Protective eyewear 
(including lead glasses with additional shields) 
should be worn by staff operating equipment from 
outside the room to minimize scatter radiation 
exposure 

47
. Even though modern panoramic 

dental X-ray devices absorb more than 90% of 
leakage radiation, the cumulative exposure can be 
considerable. Placeholder image. Ergonomics 
have lessened the requirement for operator 
protective devices, but others pregnant women, 
nursing mothers and young children need to 
continue using them 

48
, patient dose control, and 

the use of methods like X-ray beam collimation 
and gonadal shielding are critical to protect the 
patient and to optimize radiological quality. This 
minimal radiation dose is further enhanced by strict 
criteria for retakes and image processing, thus 

strengthening the efforts to safeguard the patients 
and the health care personnel 

49
. 

 

Imaging-Based Artificial Intelligence 
Artificial intelligence in medical imaging is at an 

explosive growth stage. It is analysis software has 
been created to help radiologists with repetitive 
work or where AI has been demonstrated to be 
valuable. AI can assist radiologists in performing 
this task as a second reader and flagging cases of 
interest 

50
. Machine learning (ML) is a specialized 

subdomain of AI that focuses on the creation of 
predictive data models. ML is simply a set of 
statistical and mathematical algorithms that are 
designed for analyzing data to discover patterns 
that allow for the prediction of data that is not seen. 
After training a model and validating its accuracy, 
it can be turned towards analysis of out-of-sample 
data to make predictions, which we can then act on 
or use to further direct patient follow-up care 

51
. 

Deep learning (DL) is a subclass of ML that 
requires massive datasets and requires 
computational architectures to capture the 
inherent complexity of the existing data. DL is 
founded upon neural networks—networks of 
mathematical functions organized in a numeric 
graph that try to convert data in layers. A 
supervised convolutional neural network (CNN) 
can be trained on tens to hundreds of thousands, 
or even millions, of data items without any further 
knowledge of that task and thereafter perform a 
particular task 

52
.  

 

Comparison with Other Imaging 

Modalities  
Digital X-Ray 

X-ray examinations should produce high-level 
radiographic quality images with optimized surgery 
using as little radiation as multiple images 
exchange minimum time and effort with minimum 
radiation.  
Film-screen systems, which have long 

represented the standard in imaging, are being 
succeeded by all-digital platforms 

53
.  

Digital technology allows for long, high-speed 
image acquisition generally just taken in seconds 
and rapid control of brightness and contrast, unlike 
old-style systems 

54
. X-ray is one of the most 

commonly used clinical diagnostic tools to identify 
and treat patients. Thus, appropriate protections 
(e.g., directing away from unnecessary obstacles, 
increasing the distance of examination, and using 
advanced digital detectors) are critical aspects of 
effective protective measures to ensure that this 
safety standard molecule is effective. 
Due to its high atomic number (Z = 56) and 

excellent X-ray attenuation properties, barium, in 
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particular barium sulfate, has been used as a 
contrast agent for many years.  
For the gastrointestinal (GI) tract examination, it 

provides a safe, cost-effective, and simple-to-
perform technique with a high diagnostic yield 
when performed by experienced personnel. Barium 
studies are also used to identify and characterize 
lesions such as small bowel obstructions, Crohn's 
disease, diverticula, tumors, and fistulas 

55
. 

Currently, the majority of barium studies are 
performed using digital X-ray (DXR) systems. The 
growing use of digital X-ray and barium in GI 
imaging further improves image quality and 
accuracy in diagnosis. Nevertheless, there are still 
obstacles; generating diagnostically acceptable 
images typically necessitates a high detector gain, 
which increases the noise and reduces the 
sharpness of the images. Solving these technical 
problems is necessary to optimize digital barium 
studies and make them clinically useful 

56
. 

 
MRI  

Magnetic Resonance Imaging (MRI) are medical 
imaging techniques used to visualize the internal 
structure in the body. An MRI machine lines up 
hydrogen atoms in the body using a strong 
magnet. These atoms subsequently emit energy 
when subjected to a second applied magnetic field, 
which is detected and transformed into images 
that enable differentiation between types of tissue 
with far greater soft tissue contrast than CT, MRI 
scans a non-invasive machine provide a detailed 
view of soft tissues like organs, muscles, and 
nerves and are regarded as non-invasive and fairly 
thorough examinations. MRI has been utilized 
considerably in the qualitative assessment and 
diagnosis of diverse central nervous, 
musculoskeletal, cardiovascular, and abdominal 
diseases, Unlike X-rays and CT scans, MRI does 
not use ionizing radiation, reducing the risk of 
radiation-related health issues. This makes MRI a 
safer option, especially for repeated imaging and 
for sensitive populations like children and pregnant 
women

 57
 .  

MRI is a non-invasive procedure, meaning it does 
not require incisions or invasive techniques, which 
reduces patient discomfort and recovery time. So it 
does not effect on body system like urinary 
system , but some MRI procedures may use 
gadolinium-based contrast agents. While these 
agents are usually safe, they can affect kidney 
function in individuals with pre-existing renal 
issues. This is particularly important for patients 
with severe renal impairment, as it may lead to a 
condition called nephrogenic systemic fibrosis 
(NSF)

 57
.  

 
 

Ultrasound 

Ultrasound is a non-invasive medical imaging 
modality that utilizes mechanical sound waves to 
visualize internal organs. It allows real-time 
images, better spatial resolution compared to CT 
and MRI, and no use of ionizing radiation. Its 
usefulness is somewhat limited by the attenuation 
of the sound waves during transmission through 
gas-filled lungs and dense bones, which restricts 
its application mainly to the soft tissues. There are 
some recent proposals for handheld probes and 
multi-transducer designs to better handle the 
motion. However, this design usually needed 
external cameras to be portable 

58,59
.  

Doppler imaging is a focused ultrasound 
approach that tracks the motion of echogenic 
scatters, particularly red blood cells, in blood 
vessels, This approach allows for measuring blood 
flow velocity and volume, and is often combined 
with traditional grey-scale B-mode imaging by 
commercial scanners. Doppler imaging can 
produce two-dimensional color maps showing the 
direction and velocity of moving scatters by 
processing the same data of echo signals. Doppler 
frequency-shift spectra which show the power-
density spectral distribution of the blood flow in a 
volume of tissue are generated using pulsed-wave 
or continuous-wave ultrasound. 
Haemodynamically-dependent is shown to be 
effective, but this is limited by the requirement of 
correct orientation of the transducer with the 
assumed blood-flow direction as well as the 
transducer's scanning prowess 

60
. 

Yet, another highly important imaging method is 
elastography, which is a non-invasive technique 
measuring the speed of the mechanical wave 
propagation as an indirect measure of tissue 
elasticity (stiffness) 

61
. The use of sound wave 

propagation through soft biological tissues for 
clinical application is emerging, covering different 
properties like tissue micro- vessel density and 
elastic or viscoelastic properties of tissues. Other 
modalities are aimed at the discovery of 
biochemical or molecular markers of disease. Such 
techniques mainly extract features by analyzing the 
amplitude, temporal or spectral properties of 
radiofrequency echo signals, with some existing 
protocols using image-based information obtained 
from multiple 2D planes with time-multiplexed 
transducer arrays. Such progress in these imaging 
modalities provides excitement for earlier, less 
invasive and more accurate identification and 
tracking of soft tissue pathologies 

62
. 
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X-Ray Ethical Issues  
Educating the public with a balanced view on the 

benefits and risks of X-ray-centered risk 
awareness can change the attitudes of the public 
away from hostility and towards X-ray-centered 
risk awareness. The concern that communities 
have with respect to health problems due to X-ray 
exposure is always greater, and their responses 
are based on what they know about possible risks. 
This is because X-ray exposure can lead to 
cancer, especially due to the ionizing radiation 
involved, which is known for causing DNA 
destruction, which is one of the common points of 
fear: carcinogenic effect. Radiation risk 
(cumulative) risks kids & parents.  
The potential risks of X-ray exposure to the 

children are a significant concern for parents since 
children are at a higher level of radiation. One way 
to do this is to improve public understanding of 
these issues so as to fight against radiophobia 
(irrational fear of radiation). This will help diminish 
fears and stimulate discussions on safe and 
healthy practices by raising awareness about the 
actual risks as opposed to the diagnostic gain 
associated with X-ray imaging. For previously 
untreated conditions, physicians often face this 
difficult dilemma of balancing the value of 
diagnostic imaging against the risk of exposure to 
radiation.  
As such, improving awareness of the risks 

associated with X-ray use may contribute to more 
even-handed attitudes towards their use 

63
. 

 

Guidelines and Regulatory Standards 
The patient safety responsibility resides with 

healthcare providers managing places with 
radiation sources. Medical and health authorities, 
by establishing standards or, to the extent 
appropriate, providing education, should support 
relevant parties with radiological protection, 
including for the application of 
radiopharmaceuticals. It should run a national 
radiation protection service with local divisions to 
aid implementation of standards, provide expert 
advice, and suggest annual updates on surveys 
and training. Facilities need to be appropriately 
shielded, with protection criteria defined for each 
type and the shielding calculated by recognized 
methods. Shielding designs should be tested 
during the planning and on-site phase in order to 
verify conformity 

64
.  

 
 
 
 
 
 

Preparing A Patient for an X-Ray 
As long as the X-ray is important, the physician 

provides the patients with the restrictions they have 
to follow as mentioned by the physician or 
radiologist.  
Patients need to be aware of the rationale, 

benefits, and risks of the procedure and have the 
ability to ask questions and give consent.  
X-ray films are a permanent part of the medical 

record, and as such, confidentiality must be 
preserved.  
These include ensuring patient awareness of 

cooperation and cost, scheduling follow-up 
appointments, and special preparation 
requirements, including any arrangements for 
assistance with transportation. For instance, the 
amount of radiation absorbed during the 
examination depends on one's age, the specific 
anatomical area studied, and the technology used. 
The lack of information available for patients about 
safe radiation doses may contribute to reduced 
adherence to safety precautions.  
Doctor confirmation of low-dose values in X-rays 

and non-radiation techniques as diagnosis 
measures is the main area of concern.  
This ignorance is troubling, especially because X-

rays have potential side effects, but with large 
area exposure.  
Physicians should be well aware of the X-ray 

facility protocols and should prefer regular quality 
control to have maximum quality with minimum 
exposure. It is also important that underexposed 
images be detected and adjusted by radiologists 
and that the imaging be optimized according to 
body size 

65,66
. 

 

Challenges in X-Ray Imaging 
The difficulties arising in X-ray imaging, extends 

from understanding of X-ray astronomy, cesium 
iodide scintillators, and nanocrystalline diamond 
films in security and medical imaging. The 
challenges applied to medical X-ray imaging, 
tapping into their X-ray interactions and image 
formation process, and highlights the crucial role 
detection media play in the image formation 
process.  
Detector structure optimization and choice of 

scintillator are highlighted for X-ray image 
enhancement. However, 3D imaging can have a 
major influence on clinical outcome for life-
threatening disorders, and this letter addresses 
some advances in the area of digital X-ray 
tomosynthesis (DXT). There are considerable 
hurdles that DXT is being assessed through in 
imaging centers.  
The problems in scintillator-based X-ray imaging 

development
 67

.  
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The usefulness of x-ray imaging in screening for 
individuals who are probably at risk of a disease 
(for example, a family history or exposure to an 
environment that raises the risk of a life-
threatening disease) but have not yet displayed the 
clinical signs or symptoms is limited by this trade-
off

 68
.  

As expertise grows (particularly in synchrotron x-
ray-based imaging), it may be possible to reduce 
the x-ray dosage and improve contrast resolution 
by using x-ray imaging of certain effects of a 
tissue's x-ray refractive index rather than x-ray 
attenuation.

68
  

This method might significantly increase the use 
of x-ray imaging for screening and follow-up 
investigations of asymptomatic patients of all ages, 
even if it poses significant technological challenges 
for whole-body 3D imaging 

68
.  

 

CONCLUSION 
X-ray imaging continues to be one of the most 

important modalities for our modern-day medical 
diagnostics and references, as there are specific 
techniques created for different clinical necessities. 
Although screen-film radiography is the dominant 
technique, other X-ray modalities, including 
computed tomography (CT) and fluoroscopy, have 
developed over the years. Some of them are good 
to visualize bone fractures, tumors, and 
cardiovascular conditions but have relatively lower 
resolution and diagnostic power. However, the risk 
of low-dose ionizing radiation still needs to be 
taken into account, especially among those 
sensitive groups like very young children and older 
people, and safety measures must be followed. 
Artificial intelligence helps in faster imaging and 
improves the accuracy of imaging depending on 
the application and prevents the risks involved. 
Moreover, more utilities of imaging technologies 
like digital X-ray systems and elastography 
enhance the quality of imaging and reduce 
radiation exposure, which is projected to improve 
patient outcomes.  
However, ethical concerns of X-ray as a 

carcinogen with cumulative effects must be 
emphasized, and public awareness and education 
of this issue should be widespread. Healthcare 
providers should always follow guidelines and 
other standards to optimize the balance of risks 
and benefits of X-ray imaging and to ensure that 
clinical and screening uses of X-ray imaging 
contain meaningful information for patients that are 
informed by appropriate consent. Through 
research and innovation of imaging techniques, the 
importance of X-rays in medical diagnosis will be 
improved and will always be a great tool to ensure 
early diagnosis and treatment of the disease. 
. 
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