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Abstract:  This  article  will  explore  the  various  ways  in  which  physics  is  applied  in  diagnostic 

imaging, with a focus on X-ray, computed tomography (CT), magnetic resonance imaging (MRI), and 

ultrasound. Diagnostic imaging has become a cornerstone of modern medicine, since the advent of 

radiography. Over the years, various diagnostic imaging techniques have been developed, each with 

its indications and contraindications. However, all diagnostic imaging techniques have one underlying 

commonality: they rely on the fundamental principles of physics. Consequentially, it becomes of further 

importance to  know  and  understand the concepts of applied physics, to produce better healthcare 

professionals. 
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Introduction 
 

Physical techniques have always had a key role in medicine, and the second half of the 20th century 

in particular saw a revolution in medical diagnostic techniques with the development of key imaging 

instruments: x-ray imaging and emission tomography (nuclear imaging and PET), MRI, and 

ultrasound. Wilhelm Konrad Röntgen (1845–1923), a German physicist, discovered x-rays in 1895, a 

discovery for which he received the first Nobel prize for physics in 1901. Internal imaging of the human 

body  has  been possible only since this discovery.  Thereafter, imaging science evolved in  three 

overlapping stages.[1,2] 
 

During the first stage, the aim was to develop imaging techniques to define the morphologic features 

and function of the internal organs. In addition to x-rays, additional “rays” for this purpose were 

discovered, including ultrasound and emissions from radionuclide tracers. Contrast agents were 

developed to reveal previously indiscernible structures. These techniques all contributed greatly to the 

visualization of disease processes, enhanced the precision of therapies, and improved understanding 

of pathophysiology. [3] 
 

The second stage of the development of imaging was marked by the achievement of access to the 

vascular tree and by improved characterization of tissues. The interior of the heart and blood vessels 

could be delineated by contrast angiography. Other important new tools were computed tomography 

and magnetic resonance imaging, which permitted resolution of very small structures throughout the 

body. [1,3] In 1979, Sir Godfrey Hounsfield and Allan Cormack were awarded the Nobel prize for 

medicine or physiology for their work on computerized axial tomography. Better imaging permitted 

the development of new treatments for cancer and vascular and cardiac diseases, as well as more 

accurate determination of the stages of a variety of disease processes. In the third, current stage of 
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development, imaging methods are used to guide therapy directly — from long-term guidance of cancer 
therapy to immediate, on-line guidance of minimally invasive surgery.[4]  As imaging expanded into 
all areas of medicine, the specialty of diagnostic radiology evolved and eventually became responsible 
for most advances in the field. 

 

Today, radiologists are integrating the work of basic scientists from many areas for the advancement 

of imaging methods. They are collaborating with and becoming knowledgeable about the medical and 

surgical specialties they serve. The current advanced imaging techniques can be properly applied only 

when both the imaging science and the medical science are brought to bear on a problem. 
 

These  techniques use the full width of the electromagnetic spectrum, from gamma rays to radio 

waves, and sound. In most cases, the development of a medical imaging device was opportunistic; 

many scientists in physics laboratories were experimenting with simple x-ray images within the first 

year of the discovery of such rays, the development of the cyclotron and later nuclear reactors created 

the opportunity for nuclear medicine, and one of the co-inventors of MRI was initially attempting to 

develop  an  alternative  to  x-ray  diffraction  for  the  analysis  of  crystal  structures.  What  all these 

techniques  have  in  common  is  the  brilliant  insight  of  a  few  pioneering  physical  scientists  and 

engineers  who  had  the  tenacity  to  develop  their  inventions,  followed  by a series  of technical 

innovations that enabled the full diagnostic potential of these instruments to be grasped. 
 

The  main  disadvantage  for  all  x-ray and gamma ray imaging modalities is the risk of radiation 

exposure  for  patients.  Ultrasound  imaging  is  convenient  because  it  does  not  expose patients or 

radiologists to radiation, but it has poor penetration through bone or air, which makes images difficult 

to interpret. MRI and CT images can capture anatomical changes in tissues, while PET images detects 

biochemical and physiological changes, which often occur before anatomical changes. [9,10] 

Disadvantageously, patients with ferromagnetic orthopedic implants, materials, and devices cannot 

undergo MRI procedures. MRIs also have relatively long scanning times which imposes limitations 

for patients in need of urgent care. The broader use of radiological image analysis increases the 

workload for radiologists, and therefore the development of intelligent computer-aided systems for 

automated image analysis that can achieve faster and more accurate results for large volumes of 

imaging data is essential.[4,5] 
 

The visibility of specific anatomical features depends on the characteristics of the imaging system 

and the manner in which it is operated. Most medical imaging systems have a considerable number of 

variables that must be selected by the operator. They can be changeable system components, such as 

intensifying  screens  in  radiography,  transducers  in  sonography,  or  coils  in  magnetic  resonance 

imaging (MRI). However, most variables are adjustable physical quantities associated with the imaging 

process, such as kilovoltage in radiography, gain in sonography, and echo time (TE) in MRI. The values 

selected will determine the quality of the image and the visibility of specific body features. The 

ability of an observer to detect signs of a pathologic process depends on a combination of three major 

factors:  (1) image quality,  (2)  viewing conditions, and (3) observer performance characteristics. 
 

In  an image, contrast can be in the form of different shades of gray, light intensities, or colors. 

Contrast is the most fundamental characteristic of an image. An object within the body will be visible 

in an image only if it has sufficient physical contrast relative to surrounding tissue. Structures and 

objects in the body vary not only in physical contrast but also in size. Objects range from large organs 

and bones to small structural features such as trabecula patterns and small calcifications. It is the 

small anatomical features that add detail to a medical image. Each imaging method has a limit as to 

the smallest object that can be imaged and thus on visibility of detail. Visibility of detail is limited 

because all imaging methods introduce blurring into the process. The primary effect of image blur is 

to reduce the contrast and visibility of small objects or detail. The amount of blur in an image can be 

quantified in units of length. 
 

Contrast  sensitivity is  a  characteristic of the imaging method and the variables of the particular 

imaging system. It is the characteristic that relates to the system's ability to translate physical object 

contrast into image contrast.
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Another characteristic of all medical images is image noise. Image noise, sometimes referred to as 

image mottle, gives an image a textured or grainy appearance. Noise can arise from a number of 

sources, including: 

✔ Generation of the signal carriers, 

✔ Propagation and transformation of these carriers through the imaging process, and 

✔ Addition of Extraneous Noise from various sources such as the imaging electronics 
 

X-Ray: X-ray imaging is based on the principles of attenuation, which is the reduction in the intensity 

of a beam of X-rays as it passes through a material, and absorption of some or all of the energy of a 

beam of X-rays as it interacts with the body. The visibility of both normal structures and diseases 

depends  on this differential absorption X-ray images are produced by passing a beam of X-rays 

through the body and detecting the number of X-rays that pass through the body and reach a detector 

on the other side. The production of X-Rays involves bombardment of the target substance with thick 

electrons. 
 

Electrons undergo a complex series of collisions and scattering processes during the slowing down 

processes which results in the production (a) Bremsstrahlung and (b) Characteristic Radiation. 
 

Computed Tomography: 
 

CT is also based on the principle of attenuation. It differs from conventional radiography in that a 

more sensitive X-ray detection system is used. The images constitute sections (slices) through the body, 

which are then reconstructed by a computer to produce a three-dimensional image of the body. The 

range of densities recorded is increased approximately 10-fold. CT imaging is particularly useful for 

imaging complex structures such as the brain and chest. The different images are produced by various 

sources: (A)detectors with hundreds of detector elements along the detector arc (generally 

800-900 detector elements), (B) by rotation of the x ray tube around the patient, taking about 1000 

angular measurements (C) and by tens or even hundreds of detector rows aligned next to each other 

along the axis of rotation. [6,7,8] 
 

The  values that are assigned to the pixels in a CT image are associated with the average linear 

attenuation  coefficient µ (m-1) of the tissue represented within that pixel. The linear attenuation 

coefficient (µ) depends on the composition of the material, the density of the material, and the photon 

energy as seen in Beer’s Law: 
 

I(x)= I-µx
 

 

Where I(x) is the intensity of attenuated X-Ray beam; I is the intensity of unattenuated X-Ray beam; 

and X is the thickness of the material. 
 

MRI: The basic principle of nuclear magnetic resonance imaging depends on the fact that certain atomic 

nuclei align along the magnetic force when placed in a strong magnetic field. MRI images are produced 

by placing the patient in a strong magnetic field and then applying radio waves to the body. The radio 

waves cause the atomic nuclei to emit electromagnetic radiation, which is detected by a receiver and 

used to produce an image of the body. At the field strengths currently used in medical imaging, 

hydrogen nuclei in water molecules and lipids are responsible for producing anatomical images. If a 

radiofrequency pulse at the resonant frequency of hydrogen is applied, a proportion of protons change 

alignment, flipping through a preset angle, and rotate in phase with one another. 
 

Following the pulse, the protons realign to their original positions, inducing a radio signal which 

despite being weak can be detected and localized by antenna coils placed around the patient. The 

strength of the signal depends not only on proton density but also on two relaxation times, T1 and T2. 

A T1-weighted image is the one in which the contrast between tissues is mainly due to their T1 

relaxation properties, while T2 relaxation properties produce t2-weighed image. T1 and T2-weighing 

of an image can be selected by approximately altering the timing and sequence of radiofrequency 

pulses.
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Ultrasounds: Ultrasound imaging is based on the principles of reflection and scattering of sound waves. 

Ultrasound images are produced by placing a small transducer in contact with the skin that emits high- 

frequency sound waves. As the sound waves travel through the body, it is reflected back by the tissue 

interfaces to produce echoes which are picked up by the same transducer and converted to an electrical 

signal. Ultrasound is often used to determine whether a structure is solid or cystic. At the energies and 

doses currently used in diagnostic ultrasound, no harmful effects on any tissues have been demonstrated. 
 

Methods and materials 
 

This study is based on an online survey conducted through Google forms and circulated by 

communications apps(Telegram and WhatsApp). The survey was conducted anonymously, no 

participant was asked their contact information or any relevant details. 
 

The target respondents of this study are the medical students studying in Tashkent Medical Academy, 

Uzbekistan;  as  having  a  basic  understanding  of  the  fundamental  Physics involved in diagnostic 

imaging is crucial. Furthermore, comprehension of diagnostic imaging techniques will pave the way 

towards performing better in radiology for junior and senior medical students alike. Thus, having the 

scientific   knowledge   to   bridge   the  gaps  in  understanding  radiology  and  to  become  better 

diagnosticians is paramount. 
 

Results 
 

The survey was conducted online through google forms and a total of 29 responses were recorded. Of 

those, students of first course (62%), second course(17.2%), third course(6.9%), and Fourth 

course(13.8%) participated. 
 

 
 

Majority of the students were in the age group 19-24.
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Most of the participants(86.2%) agreed that physics is important in understanding Diagnostic imaging 
while few did not(13.8%). 

 

 
 

More than  half  (55%)of  the participants  answered  MRI while rest answered ultrasound(20.7%), 

X-Ray(13.8%) and computed tomography(10.3%), in that order.
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Discussion 
 

While most participants were aware of the Working principle of MRI, most did not know the safest 

diagnostic technique. Majority of the students were able to identify correctly the Diagnostic Imaging 

technique by its image. Yet, only half of the participants seemed to know the basic knowledge of CT 

scan, and couldn’t accurately differentiate it from X-ray scan. The results of this survey may not be 

accurate and the data pool is small, and limited to only one medical school. 
 

Conclusion 
 

The main goal of this survey was to assess the knowledge of students in regards to applied physics in 

diagnostic radiology. Although, majority of the students were accurate in correctly parsing out the 

answers, there are still knowledge gaps that must be covered to produce better healthcare professionals. 
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