
 

 

  

MEDICAL IMAGING MODALITIES 

 

Definition Of Medical Imaging 

Medical imaging refers to the techniques and technologies used to create visual 

representations of the inside of the body. These visual representations, also known as 

images, can be used to diagnose, monitor, or treat various medical conditions. Medical 

imaging can be used to examine and visualize different parts of the body, including 

bones, muscles, organs, blood vessels, and other internal structures. 

Medical imaging can be divided into two main categories:diagnostic imaging and 

therapeutic imaging. 

Diagnostic imaging, which is used to diagnose and determine the severity of a condition, 

includes modalities such as 

X-ray, CT, MRI, ultrasound, and nuclear medicine. Therapeutic imaging, which is used 

to guide procedures such as surgery or radiation therapy, includes modalities such as 

fluoroscopy, angiography, and interventional radiology. 

Some common modalities include X-ray, CT, MRI, ultrasound, and nuclear medicine, 

each has its own indications and limitations, these modalities are powerful diagnostic 

tools that can reveal the internal structure of the body and its functions [11]. 

Overview Of Different Modalities 

X-ray imaging: 

X-rays are a form of electromagnetic radiation that can pass through many solid objects, 

including the human body.X-ray imaging uses X-rays to create detailed images of internal 

structures, such as bones. 
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Computed Tomography (CT) imaging: 

CT scans use X-rays to create detailed cross-sectional images of the body. These images 

can be used to diagnose and monitor a wide range of conditions, including cancer, heart 

disease, and injuries to the bones and internal organs. 

Magnetic Resonance Imaging (MRI) imaging: 

With the use of a strong magnetic field, radio waves, and a computer, MRI scans can 

produce very detailed images of internal structures, such as the brain and spinal cord, 

muscles, tendons, ligaments, and blood vessels 

Ultrasound imaging: 

Ultrasound employs acoustic waves of very high frequency to create images of internal 

structures, such as the uterus and ovaries during pregnancy. It is also used to examine the 

organs and blood vessels in the abdomen and to guide needle biopsies. 

Positron Emission Tomography (PET) Imaging: 

Positron Emission Tomography (PET) is a nuclear imaging technique that uses a small 

amount of radioactive tracer to produce detailed images of the body's metabolic and 

physiological activities. It is widely used to detect and monitor cancer, evaluate brain 

disorders, assess heart function, and measure the effectiveness of treatment. PET helps 

identify diseases at an early stage by showing how tissues and organs are functioning 

rather than just their structure. 

 

X-RAY IMAGING 

Basic principles : 

X-ray imaging, often known as radiography, is an imaging technique used in medicine 

for diagnosis that creates high-resolution images of internal anatomical structures like 

bones. The basic principles of X-ray imaging are as follows: 

X-rays are a form of electromagnetic radiation that can pass through many solid objects, 

including the human body. This type of imaging works by directing a beam of X-rays at 

the area of the body being examined. 
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The X-rays pass through the body and are then detected by a special detector, such as an 

X-ray film or digital detector. Because bones are denser than other tissues, they absorb 

more X-rays and appear white on the final image, while softer tissues such as muscles 

and organs absorb fewer X-rays and appear darker. In order to produce a clear image, the 

machine must use the appropriate amount of radiation and the body part must be 

positioned correctly in relation to the X-ray beam. The image produced is a two-

dimensional representation of the three-dimensional structure of the body, so to obtain a 

more complete picture, different views are taken to examine the same area from different 

angles. The images are then interpreted by a radiologist, who is a medical doctor who 

specializes in interpreting medical images, to identify any abnormalities or issues, such 

as broken bones, tumors, or other conditions, and provide a diagnosis. 

 

Electromagnetic radiation, or X-rays, are created in an evacuated glass tube (the bottle in 

Figure). High-speed electrons that have been propelled across the tube’s vacuum by a 

significant voltage difference between the cathode and the anode are aimed at a rotating 

tungsten anode. X-rays and heat are released when the electrons hit the anode. The X-ray 

tube is inactive until the Medical Radiation Technologist (MRT) turns it on because X-

rays can only be created when a voltage differential is introduced across the cathode and 

anode. All imaging modalities that utilise X-rays (X-ray, CT, Fluoroscopy, Angiography) 

use this physical, on/off configuration. 

 

Figure : X-ray Imaging Principle 

Typical Applications of X-ray Imaging  

➢ Detects bone fractures, dislocations, and injuries.  
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➢ Diagnoses bone diseases such as osteoporosis, osteoarthritis, and bone tumors.  

➢ Examines the chest to detect pneumonia, lung cancer, and emphysema.  

➢ Evaluates the heart and blood vessels.  

➢ Detects kidney stones, gallstones, and intestinal obstruction.  

➢ Used in dentistry to identify tooth decay, abscesses, and impacted teeth.  

➢ Helps in emergency and trauma care to diagnose fractures and foreign bodies.  

➢ Monitors healing of fractures and the effectiveness of treatments such as cancer 

therapy.  

Advantages of X-ray Imaging  

➢ Widely available in hospitals and clinics.  

➢ Fast imaging with quick results.  

➢ Cost-effective compared to CT and MRI.  

➢ Produces high-resolution images, especially of bones.  

➢ Non-invasive and relatively comfortable for patients.  

➢ Useful for early diagnosis and treatment monitoring. 



 

5 

Limitations of X-ray Imaging  

➢ Poor tissue contrast – cannot clearly differentiate between normal tissue and 

tumors.  

➢ Low soft tissue visibility – muscles, organs, and soft tissues are not well 

visualized.  

➢ Produces only a 2D image of a 3D body, which may hide important details.  

➢ Difficult to view complex internal structures clearly in some regions.  

➢ May not always be suitable for accurate diagnosis of soft tissue problems. 

COMPUTED TOMOGRAPHY (CT) IMAGING 

Basic principles 

CT imaging, commonly called CAT scanning due to its use of X-rays to make cross-

sectional pictures of the body, is a common medical imaging procedure. The basic 

principles of CT imaging are as follows: 

CT scans use X-rays to create detailed images of internal structures by directing the X-

rays at the body from different angles and measuring the intensity of the X-rays that pass 

through the body with detectors. A special type of X-ray detector called a multi-slice 

detector is used in CT scans, which can acquire multiple images at the same time from 

different angles, allowing for the creation of detailed cross-sectional images of the body. 

To improve image quality, CT scans also use techniques such as spatial filtering, which 

removes noise and improves contrast, and multi-energy imaging, which uses different 

energy levels of X-ray beams to capture different information and increase image 

contrast. Additionally, CT scans can use a technique called dose modulation, which 

adjusts the radiation dose according to the size, shape, and composition of the body part 

being scanned, reducing the risk of side effects. The images obtained from CT scans are 

then processed by a computer and can be viewed in different ways, such as cross-sectional 

slices, 3D images, and even virtual reality images . CT scans are performed by radiologic 
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technologists and the images are interpreted by radiologists, who are medical doctors 

who specialize in interpreting medical images. 

A CT (Computed Tomography) scan is a medical imaging technique that uses X-rays 

and advanced computer algorithms to produce detailed, cross-sectional images of the 

body. The patient lies down on a table that slides into a donut-shaped machine, called a 

CT scanner. The X-ray tube, located inside the scanner, rotates around the patient, 

emitting a series of X-ray beams at different angles As the X-ray beams pass through 

the body, they are absorbed by different tissues in varying degrees, creating a pattern of 

attenuated X-rays.  

The pattern of attenuated X-rays is detected by an array of detectors located opposite the 

X-ray tube, which converts them into electrical signals. These electrical signals are then 

sent to a computer that uses sophisticated algorithms to reconstruct the data into a 3D 

image. 

 

Figure: Computed Tomography Imaging Principle 
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Typical Applications of CT Imaging  

➢ Used to image the brain and head for tumors, bleeding, and trauma.  

➢ Evaluates sinuses, ears, and eyes.  

➢ Detects lung diseases such as pneumonia, lung cancer, and emphysema.  

➢ Assesses the heart and blood vessels.  

➢ CT Angiography (CTA) visualizes blood vessels using contrast material.  

➢ Helps detect blood clots, aneurysms, and vessel blockages in different body parts.  

 

Advantages of CT Imaging  

➢ Produces high-resolution images of bones, organs, and blood vessels.  

➢ Fast scanning with quick results.  

➢ Widely available in hospitals and clinics.  

➢ Non-invasive procedure (no surgery needed).  

➢ Useful for accurate and early diagnosis of many diseases.  

 

Limitations of CT Imaging  

➢ Uses ionizing radiation, which may increase cancer risk with repeated exposure.  

➢ Not suitable for real-time/dynamic imaging like blood flow.  

➢ Expensive equipment and maintenance cost.  

➢ May have limited access in some healthcare facilities.  

➢ Radiation risk is a concern for pregnant women and frequent scans.  

 

MRI (MAGNETIC RESONANCE IMAGING) 

Basic principles 

Magnetic Resonance Imaging (MRI) are medical imaging techniques that use a magnetic 

field and radio waves to produce detailed images of internal structures. 
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 The basic principles of MRI: 

 

Magnetic Resonance Imaging (MRI)) are advanced imaging modalities that use a 

powerful magnetic field to align the nuclei of hydrogen atoms in the body. This creates a 

small magnetic moment, which can be used to create detailed images of the body’s 

internal structures. The process begins by using radiofrequency (RF) pulses to change the 

alignment of the hydrogen nuclei, which causes them to emit a weak radio signal. These 

signals are picked up by a detector and processed by a computer to create detailed images 

of the internal structures of the body. 

 

 

Figure : MRI Imaging  

MRI is a non-invasive and safe imaging technique, and it can provide detailed images of 

soft tissues, such as organs, muscles, and nerves. It is commonly used to diagnose and 

monitor a wide range of medical conditions, including brain and spinal cord disorders, 

tumors, joint and bone problems, and cardiovascular disease. When a patient enters the 

MRI machine, they are exposed to a strong magnetic field that aligns the hydrogen 

atoms in their body. Radio waves are then sent through the body, causing the aligned 

hydrogen atoms to produce a weak radio signal. The radio signal is detected by an 

antenna, and the data is sent to a computer for analysis. The computer uses complex 

algorithms to process the data and construct a detailed image of the body’s internal 

structures. Different tissues in the body have varying levels of hydrogen atoms, which 

produce different signals, allowing for the differentiation between different types of 

tissue. MRI can produce images in different planes, such as axial, sagittal, and coronal, 

providing a three-dimensional view of the body. 
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Typical Clinical Applications of MRI  

➢ Used to evaluate the brain and spinal cord for tumors, stroke, injuries, and 

degenerative diseases.  

➢ Examines bones, joints, ligaments, and muscles for injuries, arthritis, and tumors.  

➢ Assesses the heart, blood vessels, and blood flow.  

➢ Used for imaging abdominal and pelvic organs such as liver, spleen, pancreas, and 

kidneys.  

➢ Helps in breast cancer detection, especially in dense breast tissue (as a supplement to 

mammography).  

 

Advantages of MRI  

➢ No ionizing radiation, hence safer than X-ray and CT.  

➢ Produces high-resolution images of soft tissues.  

➢ Can capture images in multiple planes (2D & 3D views).  

➢ Provides detailed and accurate internal structure visualization.  

➢ Non-invasive and non-destructive technique.  

 

Limitations of MRI  

➢ Very expensive equipment and maintenance cost.  

➢ Scan time is longer compared to X-ray and CT.  

➢ Some patients may feel claustrophobic or uncomfortable inside the scanner.  

➢ Not suitable for patients with metal implants or pacemakers (in many cases).  

➢ Limited availability in some healthcare centers 
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ULTRASOUND IMAGING 

Basic principles 

Ultrasound imaging is a medical imaging technique that uses high-frequency sound 

waves to produce detailed images of the internal structures of the body. The basic 

principles of ultrasound imaging are: 

Ultrasound imaging is a medical imaging technique that uses a transducer, a device that 

emits high-frequency sound waves and detects the echoes of these waves as they bounce 

back from internal structures. The sound waves are sent into the body and as they hit a 

boundary between different types of tissue, some of the sound waves are reflected back 

to the transducer. These echoes are picked up by the transducer and converted into 

electrical signals, which are then processed by a computer to create detailed images of 

the internal structures of the body. These images can be used to evaluate organs, blood 

vessels, and fetuses during pregnancy, among other things. 

A diagram of the ultrasound imaging method’s basic principles can be found in Figure. 

It gives depth information that is then used to create a two- or three-dimensional image 

of the sample based on the measurement of the time delay between the red-coloured 

ultrasound wave that is being emitted and the blue-coloured waves that are being 

reflected back from each layer of the sample.  

 

 

Figure : Ultrasound Imaging  

Typical Clinical Applications of Ultrasound Imaging  
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➢ Used for abdominal imaging to evaluate liver, gallbladder, pancreas, spleen, and 

kidneys.  

➢ Helps in musculoskeletal imaging to detect injuries in muscles, tendons, ligaments, 

and joints.  

➢ Evaluates the thyroid gland for nodules, cysts, and other abnormalities.  

➢ Widely used in Obstetrics and Gynecology (OB-GYN) for:  

❖ Pregnancy monitoring (fetus, placenta, amniotic fluid)  

❖ Evaluation of uterus, ovaries, and fallopian tubes.  

 

Advantages of Ultrasound Imaging  

➢ Portable and easy to use at bedside or remote areas.  

➢ Low cost compared to CT and MRI.  

➢ Uses no ionizing radiation, making it safe.  

➢ Provides real-time imaging for dynamic assessment.  

➢ Safe for pregnancy and repeated use.  

 

Limitations of Ultrasound Imaging  

➢ Limited ability to image deep structures.  

➢ Poor imaging through bone or air-filled organs.  

➢ Image quality depends on operator skill and experience.  

➢ Can be affected by artifacts and signal distortion.  

➢ Less detailed compared to CT or MRI for some organs. 

 PET  

A positron emission tomography (PET) scan is an imaging test that shows how your 

body's tissues and organs are working. The test uses a small amount of a radioactive 

substance called a tracer. Depending on the reason for the test, the tracer may show 
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how cells use sugar, how blood flows, or how some proteins or other substances attach 

to cells. PET scans can help find changes linked to diseases such as cancer or brain 

conditions such as Alzheimer’s disease. 

A PET scan often can find changes earlier than other imaging tests, such as a CT 

scan or an MRI scan. 

A PET scan is usually done with a CT scan in a single test called a PET-CT scan. The 

PET scan shows how the body is working. The CT scan shows the structure of the 

body, such as its size and shape. PET-CT gives more complete and more accurate 

information than either test does alone. If a PET scan is done with an MRI, it's called 

PET-MRI. 

Positron emission tomography (PET) is not the same as single-photon emission 

computerized tomography (SPECT). A SPECT scan uses different tracers and gives 

less detailed images than a PET scan does. 

 

 

Typical Clinical Applications of PET Imaging  

➢ Used mainly in cancer detection and staging to identify tumor activity and spread.  

➢ Helps in brain imaging for epilepsy, Alzheimer’s disease, and other neurological 

disorders.  

➢ Evaluates heart function and blood flow (cardiac viability studies).  

➢ Detects metabolic activity of organs to find early disease changes.  

➢ Used to monitor response to cancer treatment (chemotherapy/radiotherapy).  

 

https://www.mayoclinic.org/tests-procedures/ct-scan/about/pac-20393675
https://www.mayoclinic.org/tests-procedures/ct-scan/about/pac-20393675
https://www.mayoclinic.org/tests-procedures/mri/about/pac-20384768
https://www.mayoclinic.org/tests-procedures/spect-scan/about/pac-20384925
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Advantages of PET Imaging (Short Notes) 

➢ Shows functional and metabolic activity of tissues, not just structure.  

➢ Helps in early detection of diseases, especially cancer.  

➢ Provides high sensitivity for detecting abnormal cell activity.  

➢ Useful for treatment monitoring and planning.  

➢ Can be combined with CT (PET-CT) for better accuracy.  

 

Limitations of PET Imaging  

➢ High cost compared to other imaging techniques.  

➢ Uses radioactive tracers, so exposure risk (though low).  

➢ Limited spatial resolution compared to CT or MRI.  

➢ Requires special facilities and trained professionals.  

➢ Not widely available in all hospitals. 


