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Abstract 

The advancement of X-ray computed tomography (CT) has been fundamentally influenced by the discovery 

of X-rays, the introduction of the Radon transform, and the progress in X-ray digital data acquisition systems 

alongside computer technology. In contrast to traditional X-ray imaging (general radiography), CT generates 

cross-sectional anatomical images of internal structures based on X-ray attenuation coefficients, which 

approximate tissue density across nearly all body regions. This article examines the key physical principles 

and technical features of the CT scanner, highlighting significant developments in CT technology that have led 

to the creation of helical, multidetector, cone beam, portable, dual-energy, and phase-contrast CT. It also 

discusses integrated imaging modalities such as positron-emission-tomography CT and single-photon-

emission-computed-tomography CT, as well as various clinical applications, including image acquisition 

parameters, CT angiography, image enhancement, flexible image visualizations, volumetric and surface 

rendering on computer workstations, radiation treatment planning, and target localization in radiotherapy. A 

comprehensive understanding of CT characteristics will enhance patient care in diagnostics and radiotherapy, 

potentially improving image quality and optimizing exposure doses. 
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I. Advents of Computed Tomography 

The identification of X-ray radiation represents a significant advancement in scientific knowledge. This 

achievement is credited to Wilhelm Conrad Roentgen from Germany, who performed the initial experiments 

with cathode tubes (specifically the Crookes tube) on November 8, 1895. This type of radiation exhibits 

fluorescence properties, has the ability to sensitize photographic film, and can penetrate opaque materials. 

Roentgen designated this form of radiation as X-ray radiation. X-rays are emitted and can pass through three-
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dimensional objects, with the resulting penetrations captured on films or detectors, producing two-dimensional 

images [1]. This process is commonly known as radiography. However, challenges arise due to overlapping 

information, as tissues with low absorption coefficients are difficult to distinguish, and the scattering of X-rays 

can negatively impact the quality of the images produced. The term "computed" in computed tomography (CT) 

refers to the processes of calculation or reconstruction, while "tomography" is derived from the Greek words 

"tomo," meaning "to cut" or "section," and "graphy," which translates to "to describe." The functioning of a 

CT scanner relies on X-ray technology, with the standard energy levels utilized in general CT typically ranging 

from 100 kV to 150 kV. The algorithms employed in the reconstruction of CT images are grounded in the 

mathematical principles of the Radon transformation, as articulated in the Radon theorem published in 1917 

by the Austrian mathematician Johann Radon [2]. He also introduced the formula for the inverse 

transformation. According to the Radon theorem, it is feasible to reconstruct an image from its projections; 

specifically, an image distribution function can be derived from an infinite collection of projections obtained 

through rotational scanning. 

In the early 1960s, Allan M. Cormack, an American physicist of South African descent, introduced a 

mathematical computation method that enabled the calculation of cross-sectional images of internal structures 

from the projection of attenuation data obtained through X-rays. This technique utilized the rotation of the X-

ray source and electronic detector around a three-dimensional object to capture data at various angles. The 

invention of the X-ray-based computed tomography (CT) scanner occurred in 1972, credited to British engineer 

Godfrey N. Hounsfield. In 1979, Hounsfield and Cormack were jointly awarded the Nobel Prize in Physiology 

and Medicine for their contributions to the development of CT technology [3]. The initial clinical CT scanners 

included a head scanner, which was installed at Atkinson Morley Hospital in London, UK, in 1972, and a 

whole-body scanner at Georgetown University Medical Center in the USA in 1976. During the early 

implementation of head CT scanners, the image acquisition parameters featured a duration of 7 minutes, an 

image matrix of 80×80 pixels, a scan field of 25 cm, and a spatial resolution of approximately 1.3 mm 

(equivalent to about 4 lines per [LP]/cm)[4]. 

II. Fundamental Physical Concepts of Computed Tomography. 

1. X-ray absorption as it passes through an object 

X-ray absorption refers to the attenuation or reduction in intensity of X-rays as they pass through an object. 

This phenomenon occurs due to interactions between X-ray photons and the object's atoms or molecules, 

resulting in energy transfer and scattering. The primary mechanisms of X-ray absorption are the photoelectric 

effect, Compton scattering, and Rayleigh scattering. The attenuation coefficient (μ) characterizes the 

absorption, depending on factors such as density, atomic number, energy, and thickness of the material. The 

Beer-Lambert Law describes the exponential decay of X-ray intensity (I) as it traverses the object: I(x) = I0 * 

e^ (-μx), where I0 is the initial intensity, μ is the attenuation coefficient, and x is the object's thickness. 

Understanding X-ray absorption is crucial in medical imaging (CT scans, radiography), non-destructive 
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testing, security screening, and materials analysis [3, 4]. Different materials exhibit varying absorption 

characteristics. For instance, bone and metal absorb more X-rays than soft tissue or water. The energy range 

of X-rays also influences absorption, with lower energy X-rays being absorbed more readily. Diagnostic X-

rays typically range from 30-150 KeV, while therapeutic and industrial applications use higher energy ranges. 

2. Acquisition of image data through computed tomography 

Computed Tomography (CT) scans acquire image data through a process involving X-ray transmission and 

detection. During a CT scan, an X-ray source and detector rotate around the patient's body, capturing multiple 

projections from different angles. The X-ray beam passes through the body, and the detectors measure the 

attenuated signal. This process is repeated multiple times, generating a large number of projections.  The 

acquired projection data is then reconstructed using complex algorithms, such as filtered back projection (FBP) 

or iterative reconstruction [4]. These algorithms convert the projection data into cross-sectional images, 

representing the internal structures of the body. The reconstruction process involves: Data processing and 

correction for artifacts 

Application of reconstruction filters 

 Conversion of attenuation coefficients to Hounsfield units (HU) 

 Generation of 2D or 3D images 

 CT scanners employ various acquisition protocols, including: 

 Axial scanning: scanning in a single plane 

 Helical scanning: continuous scanning in a spiral trajectory 

 Cone-beam scanning: scanning with a cone-shaped X-ray beam 

These protocols enable CT scans to produce high-resolution images of internal structures, facilitating diagnosis 

and treatment in various medical fields. 

3. Reconstruction of images obtained through computed tomography 

Reconstruction of images in computed tomography (CT) involves converting projection data obtained from X-

ray measurements into cross-sectional images representing internal body structures. This complex process 

utilizes algorithms to transform attenuated X-ray signals into spatially accurate images [5]. 

The reconstruction process consists of: 

 Data processing and correction for artifacts 

 Application of reconstruction filters (e.g., Ram-Lak, Shepp-Logan) 

 Conversion of attenuation coefficients to Hounsfield units (HU) 

 Generation of 2D or 3D images 

http://www.ijcrt.org/


www.ijcrt.org                                                © 2024 IJCRT | Volume 12, Issue 11 November 2024 | ISSN: 2320-2882 

IJCRT2411372 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d307 
 

Key reconstruction algorithms include: 

 Filtered Back projection (FBP): most commonly used 

 Iterative Reconstruction (IR): reduces artifacts and noise 

 Model-Based Reconstruction (MBR): incorporates system modeling 

 Deep Learning-Based Reconstruction (DLR): utilizes neural networks 

Reconstruction techniques enhance image quality by: 

 Reducing noise and artifacts 

 Improving spatial resolution 

 Enhancing contrast resolution 

 Enabling 3D visualization 

CT reconstruction modes include: 

 Axial reconstruction: single-plane imaging 

 Helical reconstruction: spiral trajectory imaging 

 Cone-beam reconstruction: volumetric imaging 

Advances in reconstruction algorithms and techniques continue to improve CT image quality, diagnostic 

accuracy, and radiation dose efficiency. 

4. Computed tomography numbers/Hounsfield units 

The depiction of a CT scanner is represented as a digital image. This image is composed of a square matrix of 

pixels, known as picture elements, with each pixel corresponding to a voxel, or volume element, of the internal 

structure of the object being examined, such as a patient. Since a CT slice possesses a specific thickness, each 

pixel effectively represents a small volume element, or voxel, calculated as the product of the pixel area and 

the slice thickness. The dimensions of this voxel are influenced by the matrix size, the chosen field-of-view 

(FOV), and the thickness of the section [5]. The values assigned to these pixels reflect the average linear 

attenuation coefficients of the internal tissues at the respective spatial locations, and the numerical pixel matrix 

associated with a particular spatial location is transformed into an image by mapping the pixel values to 

corresponding grayscale values. 

The standard CT image is generated using a square matrix of 512×512 (totaling 262,144 pixels) and features 

an image depth of 12 bits, allowing for 4,096 gray levels. However, advancements in technology have led to 

the development of matrices with dimensions of 1,024×1,024 or 2,048×2,048 pixels, known as ultrahigh 

resolution CT. CT numbers, also referred to as Hounsfield units (HU), represent the attenuation values of the 

tissues being imaged, normalized against the attenuation of water. The linear attenuation coefficient of water 
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is denoted as μ water, while μ pixel represents the linear attenuation coefficient of a specific pixel. Based on 

the definition of the CT number (HU), the CT numbers for air and water are defined as ranging from −1,000 

to 0, respectively. Additionally, CT numbers are assigned to various human organs [5, 6]. 

5. General categories of computed tomography scanners 

Computed Tomography (CT) scanners are categorized based on their design, functionality, and application. 

The main categories include: 

1. Single-Slice CT Scanners: These scanners use a single X-ray detector row, acquiring one slice per rotation. 

They are relatively low-cost and suitable for basic imaging. 

2. Multi-Slice CT Scanners: Featuring multiple detector rows, these scanners capture multiple slices per 

rotation, increasing scan speed and resolution. 

3. Spiral (Helical) CT Scanners: These scanners move the patient through the gantry in a spiral trajectory, 

enabling continuous data acquisition and faster scan times. 

4. Cone-Beam CT Scanners: Using a cone-shaped X-ray beam, these scanners capture volumetric data, ideal 

for dental, orthopedic, and interventional imaging. 

5. High-Resolution CT Scanners: Designed for precise imaging, these scanners offer enhanced spatial 

resolution, benefiting applications like mammography and orthopedics. 

6. Dual-Source CT Scanners: Equipped with two X-ray sources, these scanners provide improved temporal 

resolution, suitable for cardiovascular and dynamic imaging. 

7. Portable CT Scanners: Compact and lightweight, these scanners facilitate bedside imaging in intensive 

care units, emergency departments, and remote locations. 

Each category addresses specific clinical needs, balancing factors like image quality, scan speed, and patient 

comfort. 

6. Components of computed tomography scanner 

A computed tomography (CT) scanner consists of several key components that work together to produce high-

quality images. The main components include: 

 The X-ray Tube produces X-rays, which penetrate the patient's body. The X-ray Detector array, 

typically composed of solid-state or scintillation materials, measures the attenuated X-ray signal. The 

Gantry houses the X-ray tube and detector, rotating around the patient to capture projection data. 

 The Collimator defines the X-ray beam's shape and size, controlling the scan's spatial resolution. The 

Filter adjusts the X-ray beam's energy spectrum, optimizing image quality. 
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 The Data Acquisition System (DAS) processes the detector signals, converting them into digital data. 

The Reconstruction Computer uses algorithms to reconstruct images from the acquired data. 

 The Patient Table positions the patient accurately, ensuring proper alignment. The Gantry Control 

System manages the rotation and movement of the gantry. 

Additional components include: 

 Power Supply: provides energy for the X-ray tube 

 Cooling System: regulates temperature 

 Radiation Shielding: protects operators and bystanders 

 Operator Console: controls scan protocols and parameters 

 Image Display: showcases reconstructed images 

7. Advancements in computed tomography scanners 

Computed tomography (CT) scanners have undergone significant advancements, revolutionizing medical 

imaging. Recent technological breakthroughs include high-resolution detectors, dual-energy CT, spectral CT, 

and iterative reconstruction algorithms. These innovations enhance image quality, reduce radiation doses, and 

expand clinical applications. Wide-coverage scanners and dual-source scanners enable faster scanning and 

improved cardiovascular imaging. Portable CT scanners provide bedside and emergency imaging capabilities.  

Artificial intelligence (AI)-powered reconstruction optimizes image quality and radiation dose reduction. 

Clinical applications have expanded to include advanced cardiovascular imaging, oncology imaging, 

neuroimaging, and musculoskeletal imaging. Radiation dose reduction strategies include low-dose scanning, 

dose modulation, and scan protocol optimization. 

Future developments promise further advancements, including photon-counting CT, phase-contrast CT, and 

CT-MR hybrid systems. These innovations will continue to improve diagnostic accuracy, treatment planning, 

and patient outcomes. As CT technology evolves, it remains a vital tool in modern healthcare. 

III. Clinical Uses of Computed Tomography 

Computed Tomography (CT) plays a vital role in modern healthcare, with diverse clinical applications. Here 

are some uses: 

 CT scans aid in diagnosing and monitoring various conditions, including cardiovascular disease, 

cancer, neurological disorders, and musculoskeletal injuries. They provide detailed images of internal 

structures, guiding surgeons and interventional radiologists during procedures. 

 In emergency medicine, CT scans quickly assess trauma, stroke, and other life-threatening conditions. 

They also evaluate abdominal pain, appendicitis, and bowel obstruction. 
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 CT angiography visualizes blood vessels, detecting vascular diseases, aneurysms, and blockages. CT 

urography examines the urinary tract, identifying kidney stones, tumors, and other abnormalities.  

 In oncology, CT scans stage cancer, monitor treatment response, and detect recurrences. They also 

guide biopsies and tumor ablations. 

 CT scans are essential in neuroimaging, diagnosing conditions like stroke, brain tumors, and spinal 

injuries. They also evaluate chronic conditions such as multiple sclerosis and Alzheimer's disease. 

Additionally, CT scans are used in: 

 Orthopedic imaging 

 Pediatric imaging 

 Dental imaging 

 Radiotherapy planning 

 Image-guided interventions 

CT's versatility, speed, and accuracy make it an indispensable diagnostic tool in modern medicine.  

IV. Clinical challenges of Computed Tomography scanner technology 

Computed Tomography (CT) scanner technology presents several clinical challenges, including:  

Image artifacts and noise compromise image quality, leading to diagnostic errors. Metal artifacts from implants 

or foreign objects can cause streaks and distortions. Motion artifacts from patient movement or respiratory 

issues can blur images. Beam hardening artifacts from dense materials like bone or metal can affect accuracy. 

Radiation exposure remains a concern, particularly for pediatric and pregnant patients. High doses increase 

cancer risk and genetic damage. Dose creep and unnecessary scans exacerbate this issue. Limited spatial 

resolution and contrast sensitivity can hinder detection of small lesions or subtle abnormalities. Partial volume 

averaging and slice thickness limitations can lead to inaccurate diagnoses [7, 8]. Artifact correction techniques 

and reconstruction algorithms can introduce additional challenges, such as increased noise or altered image 

texture. Patient factors, including obesity, claustrophobia, and respiratory issues, can complicate scanning and 

image quality. Scanner calibration, maintenance, and quality control are crucial to ensuring accurate and 

reliable image production. Advances in CT technology aim to address these challenges, including: 

 Iterative reconstruction algorithms 

 Metal artifact reduction techniques 

 Dose modulation and reduction strategies 

 High-resolution detectors 

 Advanced artifact correction methods 
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Addressing these clinical challenges enhances CT's diagnostic accuracy, patient safety, and overall 

effectiveness. 

V. Radiation dose of Computed Tomography 

The amount of radiation exposure from CT scans is influenced by several factors, including the specific type  

of CT scanner used, the nature of the examination, the dimensions of the body part being scanned, and various 

image acquisition parameters such as kilovolt peak (KVp), mill ampere (mA), exposure duration, X-ray beam 

collimation, scan pitch, and available dose reduction techniques. For abdominal scans conducted under 

conditions of 120 kV, 200 mA, and a 2-second exposure time with a slice length of 100 mm and a phantom 

diameter of 320 mm, the radiation doses measured were 21 mGy at the center and 35 mGy at the periphery of 

the phantom [8]. The effective radiation doses associated with CT diagnostic procedures are generally 

estimated to fall within the range of 1 to 10 mSv. To minimize patient dose risks, clinicians follow: 

 ALARA (As Low As Reasonably Achievable) principles 

 Dose modulation and reduction strategies 

 Scan protocol optimization 

 Patient selection and justification 

VI. Conclusions: - A comprehensive understanding of CT characteristics will enhance the effectiveness and 

accuracy of patient care in diagnostics and radiotherapy, potentially resulting in improved image quality and 

optimized radiation exposure doses. 
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