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ABSTRACT

Computed Tomography (CT) has become a cornerstone of modern medical imaging, providing detailed
cross-sectional visualization of internal anatomy. This review emphasizes the physics supporting CT,
tracing its evolution from fundamental x-ray interactions to advanced imaging technologies. The
discussion begins with the generation and detection of x-rays, highlighting how attenuation, scatter and
energy dependence govern image formation. Mathematical reconstruction techniques including filtered
back propagation and iterative methods are introduced as essential tools for converting projection data
into interpretable images. Image quality metrics such as spatial resolution, noise, contrast and artifacts are
analyzed through their physical determinants including attenuation coefficients, beam hardening and
photon statistics. The progression of CT technology, from early single-slice systems to multi-slice and
cone beam scanners is reviewed in the context of physics driven improvements in temporal resolution,
coverage and detector performance. Radiation dose optimization is examined as a critical application of
physics, where principles of photon flux, dose modulation and reconstruction algorithms are leveraged to

enhance diagnostic accuracy while minimizing patient exposure.

1 Introduction
1.1  The Concept of Computed Tomography (CT)

Computed Tomography (CT), also known as CAT scanning (Computed Axial Tomography), is a sophisticated imaging
modality (Bottari et al., 2023) that revolutionized diagnostic medicine since its inception in the early 1970s. This
technique combines X-ray technology with computer processing to generate cross-sectional images of the body,
providing insight into the internal structures with remarkable detail.

Principles of CT Imaging

The fundamental principle of CT involves the acquisition of multiple X-ray projections from different angles around
the patient (Pelberg et al., 2015). During a CT scan, an X-ray tube rotates around the patient, emitting a narrow beam
of X-rays. These beams pass through the body and are attenuated by different tissues to varying degrees based on their
density and composition. The attenuated X-rays are then detected by a ring of sensors positioned opposite the X-ray

source.
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The raw data collected by these detectors are subjected to a process called reconstruction, wherein a computer algorithm,
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typically the Foutier transform or back-projection, synthesizes the information to construct a detailed cross-sectional
image, or slice, of the body. By stacking these slices, a three-dimensional representation of the anatomical area of interest
can be produced, allowing for comprehensive analysis and diagnosis.

1.2 Applications in Medical Diagnostics

CT imaging is indispensable in the medical field due to its versatility and precision (Rong & Liu, 2024). It is extensively

used in the diagnosis and evaluation of a wide array of conditions, including but not limited to:

1. Trauma Assessment: CT is the gold standard for evaluating acute trauma, providing rapid and accurate detection
of fractures, internal bleeding, and organ injuries.

2. Oncology: It plays a crucial role in cancer diagnosis, staging, and treatment planning, allowing for the visualization
of tumors, metastases, and monitoring of therapeutic responses.

3. Cardiology: CT angiography is pivotal in diagnosing cardiovascular diseases, such as coronary artery disease, by
visualizing the arterial and venous structures of the heart.

4. Neurology: Brain CT scans are essential in detecting stroke, hemorrhage, and other neurological disorders,
offering critical information for timely intervention. The primary advantages of CT imaging include its non-
invasiveness (Schlz et al., 2015), rapid acquisition time, and high-resolution images, which collectively contribute
to its diagnostic accuracy and patient comfort. However, the use of ionizing radiation in CT scans poses potential
risks, particularly with repeated exposure. Therefore, the principle of ALARA (As Low As Reasonably Achievable)
is adhered to, ensuring that radiation doses are minimized without compromising diagnostic quality.

Furthermore, advancements in CT technology, such as multi-detector CT (MDCT) and iterative reconstruction

techniques, have significantly enhanced image quality, reduced scan times, and lowered radiation doses (Ebersberger et

al., 2013; Gunn & Kohr, 2010; Kalra et al., 2004; Moscariello et al., 2011). Innovations like dual-energy CT and spectral
imaging are expanding the capabilities of CT by providing additional functional and compositional information about
tissues.

The future of CT technology lies in continuous improvement in image resolution, reduction in radiation dose, and

integration with artificial intelligence (AI) (Lell et al., 2020). Al algorithms are being developed to assist in image

reconstruction, noise reduction, and automated detection of pathologies, potentially increasing the diagnostic accuracy
and efficiency of CT scans. Additionally, personalized CT protocols based on patient-specific factors are expected to
optimize the balance between image quality and radiation exposure.

The purpose of this work is to explain the role of Physics in the usage of CT as a tool in media imaging.

1.3 The Generation and Interaction of X-rays with Matter
1.3.1 Generation of X-rays

X-rays are a form of electromagnetic radiation with wavelengths ranging from about 0.01 to 10 nanometers (Tafti &
Maani, 2023), corresponding to frequencies in the range of 30 x 1016 Hz to 30 x 1019 Hz. They are generated by two
principal methods in X-ray tubes: Bremsstrahlung (braking radiation) and characteristic radiation.

1.3.2 Bremsstrahlung Radiation

Bremsstrahlung radiation is produced when high-energy electrons are decelerated or deflected upon interaction with
the electric field of atomic nuclei. In an X-ray tube, electrons are emitted from a heated cathode and accelerated towards
a metal anode (usually tungsten) by a high voltage. As these electrons collide with the nuclei of the metal atoms, they
lose energy in the form of X-ray photons (Embréus et al, 2015). The spectrum of Bremsstrahlung radiation is
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continuous, extending from the maximum energy of the incident electrons down to zero, and its intensity depends on

the energy of the incident electrons and the atomic number of the anode material.

1.3.3 Characteristic Radiation

Characteristic radiation occurs when an incident electron ionizes an inner-shell electron of the anode atom, creating a
vacancy. This vacancy is then filled by an electron from a higher energy level, resulting in the emission of an X-ray
photon with energy equal to the difference between the two energy levels. This process produces X-rays at discrete
energies unique to the anode material, known as characteristic X-rays. For tungsten, characteristic X-rays commonly
observed are the K-alpha and K-beta lines (Moore et al., 2013).

X-ray Spectrum

Intensity Bremsstrahlung

continuum

I
Characteristic
X-rays

\ 4

Energy

Figure 1: A simple X-ray spectrum plot showing x-ray intensity and energy

1.3.4 Interaction of X-rays with Matter

When X-rays pass through matter, they interact with atoms in several ways, primarily through photoelectric absorption,
compton scattering, and pair production (X-Ray Imaging: Fundamentals | Radiology Key, n.d.). Each interaction
mechanism depends on the energy of the X-rays and the atomic number of the material.

1.3.5 Photoelectric Absorption

Photoelectric absorption occurs when an X-ray photon transfers all its energy to an inner-shell electron, ejecting it from
the atom (Ahmed, 2015; Ardiansyah et al., 2023). The probability of photoelectric absorption is highly dependent on
the atomic number (Z) of the material and the energy of the incident X-ray. This process is more likely with lower-
energy X-rays and high-7Z materials. The ejected electron (photoelectron) catries the energy of the incident photon
minus the binding energy of the electron. Photoelectric absorption is the dominant interaction in diagnostic radiology

and contributes significantly to image contrast.
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1.3.6 Compton Scattering

Compton scattering involves the inelastic collision of an X-ray photon with a loosely bound outer-shell electron (Fuchs
et al., 2015). The photon transfers part of its energy to the electron, ejecting it from the atom, and is scattered in a
different direction with reduced energy. The scattered photon’s energy and angle depend on the initial energy of the X-
ray photon and the scattering angle. Compton scattering is significant at intermediate X-ray energies and is relatively
independent of the atomic number, making it the primary interaction mechanism in soft tissue imaging. It contributes

to image degradation by causing scattering artifacts and reduced contrast.
1.3.7 Pair Production

Pair production occurs when a high-energy X-ray photon (with energy exceeding 1.02 MeV) interacts with the electric
field of a nucleus, resulting in the creation of an electron-positron pair (Dai et al., 2022). This process requires the
photon’s energy to be at least twice the rest mass energy of an electron (0.511 MeV). The excess energy is shared between
the kinetic energy of the electron and positron. Pair production is relevant in high-energy radiation therapy and
contributes minimally to diagnostic imaging due to the high energy threshold required.

1.3.8 Implications for Medical Imaging

The generation and interaction of X-rays with matter are fundamental to medical imaging. The choice of anode material
in X-ray tubes, the tube voltage, and the filtration of the X-ray beam are all designed to optimize the balance between
image quality and patient dose. Understanding the interactions of X-rays with matter allows radiologists and medical
physicists to enhance image contrast, reduce artifacts, and minimize radiation exposure.

In conclusion, the principles of X-ray generation and their interactions with matter are crucial for the effective use of
X-rays in medical imaging and other applications. The control and optimization of these processes enable the production

of high-quality diagnostic images while ensuring patient safety.
1.4 Key Conceptsin CT
1.4.1 Attenuation

Attenuation in the context of CT (computed tomography) refers to the reduction in intensity of the X-ray beam as it
passes through the body (Abdominal CT: Attenuation * LITFL * Radiology Library, n.d.; Seishima et al., 2015). This
phenomenon occurs due to the combined effects of absorption and scattering of X-ray photons by different tissues.
Each type of tissue—whether bone, muscle, fat, or other—has a unique attenuation coefficient, which depends on its
density and atomic number (Ma et al, 2021). In a CT scan, detectors measure the attenuated X-ray beams after they
have passed through the body from various angles. These measurements are then used to reconstruct a detailed cross-
sectional image of the internal structures, allowing for precise diagnosis of medical conditions.

1.4.2 Absorption

Absorption is a specific mechanism of attenuation where X-ray photons are completely absorbed by the atoms in the
tissue. This process primarily occurs through the photoelectric effect, where an X-ray photon transfers all its energy to
an inner-shell electron, ejecting it from the atom. The probability of absorption depends on the energy of the X-ray
photons and the atomic number of the tissue (Hegbe et al., 2019). Higher atomic number tissues, such as bone, have a
greater likelihood of absorbing X-ray photons compared to lower atomic number tissues, such as soft tissues.
Absorption contributes to the contrast in CT images, enabling differentiation between various anatomical structures
based on their ability to absorb X-rays.

1.4.3 Scatter

Scatter refers to the redirection of X-ray photons as they interact with the atoms in the tissue, a process that primarily
occurs through Compton scattering. In this interaction, an X-ray photon collides with an outer-shell electron (Zhang et
al., 2021), transferring part of its energy to the electron and scattering in a different direction with reduced energy.
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Scatter reduces the quality of CT images by contributing to background noise and lowering contrast, as scattered
photons can reach the detectors from unintended directions. Mitigation techniques, such as collimation and grid use,
are employed to reduce the impact of scattered radiation and improve image clarity in CT imaging.

9 &
Tonous®

AE My,
oo hg,

o

1.5 CT Image Formation

The process of image formation in computed tomography (CT) involves several key principles that integrate advanced
technology and fundamental physics to produce detailed cross-sectional images of the body. These principles can be
described through the following steps:

1.5.1 X-ray Generation and Emission

CT imaging begins with the generation of X-rays by an X-ray tube. High voltage is applied to the tube, causing electrons
to accelerate and collide with a metal target, usually tungsten. This collision results in the emission of X-ray photons.
The X-ray tube and detectors are mounted on a rotating gantry that encircles the patient.

1.5.2 Attenuation of X-rays

As the X-rays pass through the body, they are attenuated by different tissues at varying degrees. The attenuation is
influenced by the tissue's density and atomic number, leading to differential absorption and scattering of X-ray photons.
Denser tissues, such as bone, attenuate more X-rays than less dense tissues like muscle or fat.

1.5.3 Detection of X-rays

After passing through the body, the attenuated X-rays are detected by a series of detectors arranged in an array opposite
the X-ray source. These detectors measure the intensity of the X-rays that emerge from the patient from multiple angles.
The intensity data is recorded as raw data or projection data.

1.5.4 Data Acquisition and Reconstruction

The raw data collected by the detectors is processed using complex mathematical algorithms. One common algorithm
is filtered back projection, which reconstructs the data into a two-dimensional cross-sectional image. The algorithm
works by back-projecting the attenuated X-ray intensities along the paths they traveled and applying filters to enhance
image quality and reduce artefacts.

155 Image Formation

The reconstructed data is converted into a matrix of pixels, each representing a small volume of tissue known as a voxel.
Each pixel is assigned a CT number, also called a Hounsfield unit (HU), which quantifies the degree of X-ray attenuation
relative to water. These numbers provide a grayscale value that forms the CT image. Dense tissues, like bone, appear
white due to their high HU values, while less dense tissues appear in varying shades of gray, and air appears black.

1.5.6 Image Display and Interpretation

The final image is displayed on a computer monitor, where radiologists can analyze the cross-sectional views. Advanced
software allows for further manipulation, such as adjusting window levels and widths to highlight specific tissues,
performing multiplanar reconstructions, and creating three-dimensional images from the stack of two-dimensional
slices.

1.6  The Concept of Projection and Reconstruction in Physics

Projection in CT refers to the process of acquiring data from multiple angles around the patient to create a complete
dataset that represents the internal structures of the body (Hermena & Young, 2023a). When X-rays pass through the
body, they are attenuated by different tissues. The resulting X-ray beam, which emerges from the body, carries
information about the internal structures along its path. Here's a detailed breakdown:
1. X-ray Source and Detectors: The CT scanner has an X-ray source that emits a fan-shaped or cone-shaped beam
of X-rays and an array of detectors placed on the opposite side (Hermena & Young, 2023b). Both the source
and detectors rotate around the patient.
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2. Data Acquisition: As the X-ray source rotates, it sends out X-ray beams at different angles. The detectors
measure the intensity of the X-rays that pass through the patient at each angle. These measurements ate called
projections.

3. Attenuation Profile: Each projection represents an attenuation profile of the tissues through which the X-ray
beam has passed. The attenuation is determined by the tissue's density and composition, which affects how
much the X-ray is absorbed or scattered.

4. Multiple Angles: By rotating around the patient, the CT scanner collects projections from many different angles,
typically spanning 180 to 360 degrees. This extensive data collection is crucial for creating a detailed image of
the internal structures.
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1.6.1 Reconstructionin CT

Reconstruction is the process of converting the raw projection data into a coherent and interpretable cross-sectional
image (Geyer et al., 2015). This is done using mathematical algorithms. The most common methods of reconstruction
include filtered back projection and iterative reconstruction.

Filtered Back Projection (FBP): In its simplest form, back projection involves taking each projection and smearing it
back across the image space in the direction it was originally acquired (Matson, 2002). This process is repeated for all
projections, summing the contributions to form an image. However, this method produces a blurred image.

To counteract the blurring, a filtering step is applied to the projection data before back projection. A filter (also called
a convolution filter) enhances the high-frequency components of the data, which correspond to the edges and fine
details of the image. This filtered data is then back projected to produce a clearer image.

Iterative Reconstruction: Iterative reconstruction starts with an initial estimate of the image, which could be a simple
back-projection result or a uniform distribution. The algorithm simulates what the projections would look like if the
initial estimate were correct by projecting the estimate through a virtual model of the scanner. The simulated projections
are compared to the actual measured projections. The differences (errors) between them are calculated. The algorithm
updates the image estimate to reduce the errors. This process is repeated iteratively, refining the image estimate with
each iteration until the errors are minimized.

Detailed Steps in Reconstruction

1. Data Preprocessing: Raw projection data is preprocessed to correct for any inconsistencies, such as detector
calibration, beam hardening effects, and scatter correction.

2. Fourier Transform: In filtered back projection, the Fourier transform of the projection data is taken, and a filter
is applied in the frequency domain. This step enhances the edges and important features of the image.

3. Inverse Fourier Transform: The filtered data is transformed back into the spatial domain using an inverse
Fourier transform.

4. Back Projection: The filtered projections are back projected into the image space. Each filtered projection is
spread across the image space along the direction it was acquired, and the contributions from all projections
are summed to form the final image.

5. Post-Processing: The reconstructed image may undergo additional post-processing steps, such as noise
reduction, contrast enhancement, and artifact correction, to improve image quality.

1.6.2 Importance of Reconstruction Algorithms

Reconstruction algorithms are critical in CT imaging as they directly affect the image quality, spatial resolution, and
noise levels. Advanced reconstruction techniques, such as iterative methods, can significantly improve image quality,
especially in low-dose CT scans, where reducing radiation exposure is crucial. These methods also help in reducing
artifacts and enhancing the diagnostic capabilities of CT imaging.

1.7 Mathematical Foundations

The process of CT image reconstruction relies heavily on mathematical techniques to transform raw projection data
into interpretable cross-sectional images. Two primary techniques are used: filtered back projection (FBP) and iterative
reconstruction. Below, we delve into these techniques and their mathematical foundations.
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1.7.1 Filtered Back Projection (FBP)

Filtered back projection is one of the most commonly used techniques for CT image reconstruction due to its simplicity
and computational efficiency.
1. Radon Transform and Projections: The Radon transform models the projection data. For a 2D object {(x, y),
the Radon transform Rf (0, t) is defined as:
RE@, 0= [ [ f(x,y)8(t —xcos® —ysin8)dxdy (D
Here, 0 represents the angle of projection, t is the distance along the projection, f(x, y) is the object being imaged, and
8 is the Dirac delta function ensuring the integration is over a line (Taubmann et al., 2018).
2. Fourier Transform and Filtering: The projection data P(0, t) is transformed into the frequency domain using
the Fourier transform:

P8, w) = F{P(6,t)} 2

In this equation, F denotes the Fourier transform, P is the frequency-domain representation of the projection data, and
w is the frequency variable.
A filter H(w) is then applied to enhance high-frequency components, corresponding to edges and fine details:

Q(0,w) = H(w) . P(6, w) (3)

Here, Q (8, w) is the filtered projection data.
3. Inverse Fourier Transform: The filtered data is transformed back to the spatial domain using the inverse Fourier
transform:
Q@®,H=F{Q®, w)} (4)
In this context, F~1 denotes the inverse Fourier transform, and Q (6, 1) is the filtered projection data in the spatial
domain.
4. Back Projection: The filtered projection data is then back projected to reconstruct the image:
fixy) = fon Q(6,xcosf + ysin6)do (5)
Here, f(x,y) is the reconstructed image, and the integration over 0 covers all projection angles.
Iterative Reconstruction
Iterative reconstruction techniques refine the image estimate iteratively to minimize the difference between the
measured and simulated projections.

1. Initial Estimate: An initial estimate of the image f (0) (x,y) is made, which can be a uniform image or an FBP
result.
2. Forward Projection: The estimated image is forward projected to simulate the projection data:

P® (0,0 = P{f®(x,y)} (6)

Here, P denotes the forward projection operator, P () (6,t) is the simulated projection data at iteration k and
£ ¥ (x, ) is the current image estimate.
3. Error Calculation: The difference between the simulated projection and the measured projection is calculated:
AP (9’ t) = Pmeasured (9' t) - Pk(e' t) (7)
Here, AP is the errot, Pregsurea (6, t) is the measured projection data, and P¥(,t) is the simulated projection data.
4. Back Projection of Error: The error is back projected to update the image estimate:
AF (x,y) = PHAP (8, 0)) ®)
Here, P~1 denotes the back projection operator, and Af (x, y) is the back-projected error.
5. Image Update: The image estimate is updated by adding the back-projected error, often with a relaxation
parameter A to control the update rate:

fUBGy) = fAGoy) + Af(xy) ©)
Here, f (k+1) i5 the updated image estimate, and A is the relaxation parameter.
6. Iteration: The process is repeated for a predefined number of iterations or until the error is minimized to an
acceptable level.
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1.7.2 Contribution to Image Reconstruction

FBP is fast and efficient, making it suitable for real-time imaging and situations where computational resources are
limited (Yim et al., 2021). The filtering step in FBP ensures that high-frequency details are preserved, leading to sharper
images. However, FBP can be sensitive to noise and artifacts, especially in low-dose scans.

1.7.3 lterative Reconstruction

Iterative reconstruction techniques offer several advantages over FBP, including improved image quality, reduced noise,
and fewer artifacts. These techniques are particularly useful in low-dose CT imaging, where minimizing radiation
exposure is critical. By iteratively refining the image estimate, these methods can achieve higher accuracy and better
representation of the true anatomy.

Table 1: Comparison between Filtered Back Propagation (FBP) and Iterative Reconstruction (IR) in CT imaging

Feature/Aspect Filtered Back Propagation | Iterative Reconstruction (IR)
(FBP)
Analytical method: applies a | Repeated forward and backward

mathematical ~ filter to  raw | projections with statistical and

Basic Principle

dose.

projection data, then back-projects | physical modeling until
onto the image space. convergence.

Speed Very fast, computationally | Slower, requires higher
efficient. computational power.

Noise Handling Higher noise, especially at low | Better noise suppression, produces

smoother images.

Image Quality

Good spatial resolution but poor at
low-dose; streak artifacts are
common.

Improved low-dose performance,
fewer streaks, better contrast to
noise ratio (CNR).

Dose Resolution Potential

Limited high noise at reduced dose.

Allows significant dose reduction
while  maintaining  diagnostic
quality.

Artifact Reduction

Limited correction for beam
hardening, metal and motion
artifact.

Superior handling of artifacts with
model-based approaches.

Clinical Adoption Historically dominant, still used | Increasingly adopted in modern
widely. CT systems, especially for dose
optimization.
Cost/ Complexity Lower cost, simpler | Higher cost due to complex
implementation. algorithms and licensing.

2  CT Scanner Design

A CT scanner consists of several critical components that work together to create detailed cross-sectional images of the

body. The main components include the gantry, x-ray tube, and detector array.

1. Gantry: The gantry is the large, circular part of the CT scanner through which the patient passes. It houses the
x-ray tube and the detector array and is responsible for rotating these components around the patient. The
gantry also contains the mechanical systems required to move the patient table in and out of the scanning area,
ensuring precise alignment and positioning for accurate imaging.

2. X-ray Tube: The x-ray tube is a crucial component that generates x-rays. It consists of a cathode and an anode.
The cathode emits electrons that are accelerated towards the anode, where they collide and produce x-rays. The
energy and intensity of these x-rays can be adjusted to optimize image quality and minimize patient exposure.
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The x-ray tube rotates around the patient within the gantry, allowing for the collection of projection data from
multiple angles.
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3. Detector Array: The detector array is a seties of sensors that capture the x-rays after they pass through the
patient's body. These detectors convert the x-ray photons into electrical signals, which are then processed to
form the raw data used for image reconstruction. Modern CT scanners use solid-state detectors arranged in a
grid to provide high-resolution and high-speed data acquisition. The detector array rotates in synchrony with
the x-ray tube, ensuring that comprehensive data is collected from all necessaty angles for accurate image
reconstruction.

2.1  Mechanical Aspects of CT Scanning

CT scanners rely on several mechanical components to acquire detailed cross-sectional images. Two key mechanical
aspects are the rotating gantry and the patient table.
Rotating Gantry
The gantry is a large, circular frame that houses the x-ray tube and detector array. Its primary mechanical function is to
rotate these components around the patient to collect x-ray data from multiple angles. Here are some specific mechanical
aspects of the rotating gantry:
1. Rotation Mechanism:
The gantry uses a motor-driven system to achieve rapid and precise rotation. Modern CT scanners can achieve
rotational speeds of up to several rotations per second. The smooth and accurate rotation of the gantry is crucial
for capturing consistent and high-quality images.
2. Slip Rings:
Traditional CT scanners used cables to connect the rotating components to the power supply and data acquisition
system. However, modern scanners use slip rings, which are electromechanical devices that allow for continuous
electrical connections through a rotating assembly. Slip rings enable continuous rotation without the need for cables,
reducing wear and tear and allowing for faster and more reliable scanning.
3. Stabilization and Balance:
The gantry must be precisely balanced to prevent vibrations and ensure stable rotation. Imbalances can cause
artifacts in the images and reduce their diagnostic quality. Advanced stabilization systems are used to maintain the
gantry's balance, even at high rotational speeds.

2.2 Patient Table

The patient table, also known as the couch or bed, is another critical mechanical component of a CT scanner. It is
designed to position the patient accurately within the gantry for optimal imaging. Here are the key mechanical features
of the patient table:
1. Precision Movement:
The table is motorized and can move in multiple directions, including horizontal (in and out of the gantry) and
vertical (up and down) axes. The movement is precisely controlled to position the patient correctly for each scan
slice and to facilitate multi-slice scanning protocols.
2. Weight Capacity and Stability:
The table must support a wide range of patient sizes and weights while maintaining stability and accuracy. Modern
tables are designed to accommodate patients weighing up to several hundred kilograms. The table's surface is
typically made of materials that minimize x-ray attenuation and artifacts.
3. Patient Comfort and Safety:
The table often includes padding and straps to ensure patient comfort and prevent movement during the scan,
which can degrade image quality. Safety features such as emergency stop buttons and sensors to detect obstructions
are integrated to protect both the patient and the equipment.
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2.3 Integration of Mechanical Components

The rotating gantry and patient table must work together seamlessly to ensure accurate image acquisition. The
synchronization of the gantry rotation and table movement is crucial for advanced scanning techniques, such as helical
(spiral) CT, where continuous data acquisition is needed as the table moves the patient through the rotating gantry.

2.4 Types of Detectors Used in CT Scanning

CT scanners use various types of detectors to capture x-rays after they pass through the patient and convert them into
electrical signals. The most common types of detectors are scintillation detectors and solid-state detectors. Here’s an
explanation of these types:

1. Scintillation Detectors

Scintillation detectors are widely used in modern CT scanners due to their high efficiency and excellent image quality.
They work by converting x-ray photons into light photons, which are then converted into electrical signals. The key
components and processes involved are:

a. Scintillator Material: When x-ray photons strike the scintillator material (such as gadolinium oxysulfide or
yttrium aluminum garnet), they are absorbed and produce light photons. This material must have high efficiency
in converting x-rays to light and minimal afterglow to avoid blurring the image.

b. Photodiode: The light photons generated by the scintillator are detected by a photodiode, which converts them
into electrical signals. Photodiodes are typically made from silicon and are chosen for their high sensitivity and
fast response time.

Advantages:

1. High conversion efficiency, leading to better signal strength and improved image quality.

2. Low noise levels, which enhance the clarity and detail of the images.

3. High spatial resolution, important for detailed anatomical imaging.
2. Solid-State Detectors
Solid-state detectors, also known as direct conversion detectors, directly convert x-ray photons into electrical signals
without the intermediate step of producing light photons (Ford, 2024). This direct conversion can be more efficient and
provides several benefits:

a.  Semiconductor Material: Materials like cadmium telluride (CdTe) or amorphous selenium (a-Se) are used in
solid-state detectors. These materials generate electron-hole pairs when struck by x-ray photons.

b. Charge Collection: The electron-hole pairs are collected by applying an electric field across the semiconductor
material. The movement of these charges generates an electrical signal proportional to the intensity of the x-
ray photons.

Advantages:

1. Direct conversion leads to potentially higher efficiency and reduced signal loss.

2. Faster response times due to the absence of the intermediate scintillation step.

3. Potentially higher resolution and better image quality in some applications.
3. Gas Ionization Detectors
Although less common in modern CT scanners, gas ionization detectors are another type used in some earlier models.
These detectors work by ionizing gas molecules within a chamber when x-ray photons pass through, generating ion
pairs that produce an electrical signal. The ionization chamber is filled with a noble gas like xenon, the chamber ionizes
the gas molecules when struck by x-ray photons. The ion pairs are collected by applying an electric field, resulting in an
electrical signal.

Advantages:

1. Robust and reliable, with a long lifespan.
2. Less affected by temperature variations compared to scintillation detectors.

Disadvantages:

1. Lower efficiency compated to scintillation and solid-state detectors.
2. Bulkier and less suitable for high-resolution imaging.

2.5 Comparison and Applications

Each type of detector has its specific advantages and applications:
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a.  Scintillation Detectors: Preferred in modern CT scanners due to their high efficiency, low noise, and excellent
image quality (Zhou et al., 2021). They are widely used in clinical settings for detailed diagnostic imaging.

b. Solid-State Detectors: Offer direct conversion of x-rays to electrical signals, potentially providing higher
resolution and faster response times. They are used in specialized CT applications where these characteristics
are crucial.

c.  Gas lonization Detectors: Although less common today, they were used in earlier CT models and in specific
applications where robustness and reliability are more critical than resolution.
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3 Image Quality and Artifacts
3.1 Image Quality Metrics

Image quality in computed tomography (CT) is critical for accurate diagnosis and effective treatment planning (Varghese
et al,, 2024). Several parameters define the image quality in CT, with spatial resolution and noise being among the most
significant. Other important parameters include contrast resolution and artifacts. Here's a detailed discussion on each
of these parameters:
1. Spatial Resolution
Spatial resolution refers to the ability of a CT scanner to distinguish small objects that are close together (Varghese et
al., 2024). It is measured in line pairs per centimeter (Ip/cm) and is influenced by several factors:
a.  Detector Size: Smaller detector elements can capture finer details, thus improving spatial resolution.
b. Reconstruction Algorithms: Advanced algorithms such as filtered back projection (FBP) or iterative
reconstruction (IR) can enhance spatial resolution by accurately reconstructing the scanned data.
c.  Focal Spot Size: The size of the x-ray tube's focal spot affects spatial resolution. Smaller focal spots produce
sharper images.
d. Slice Thickness: Thinner slices result in higher spatial resolution in the z-axis, allowing for more detailed images.
e. Motion Artifacts: Patient movement or motion artifacts can degrade spatial resolution. Techniques to minimize
motion, such as faster scan times and patient immobilization, are important.
Higher spatial resolution is essential for imaging fine anatomical structures and detecting small lesions or abnormalities.
2. Noise
Noise in a CT image refers to random variations in pixel values that do not represent actual differences in tissue density
(Fujii et al., 2021). High levels of noise can obscure details and reduce diagnostic accuracy. Noise is influenced by:
a. Photon Flux: The number of x-ray photons reaching the detector affects noise levels. Higher photon flux
reduces noise but increases radiation dose (Duan et al., 2023).
b. Tube Current and Voltage: Higher tube current (measured in milliamperes, mA) and voltage (measured in
kilovolts, kV) can reduce noise but also increase the radiation dose.
c.  Slice Thickness: Thicker slices average more data, reducing noise, but at the cost of spatial resolution.
d. Reconstruction Algorithms: Iterative reconstruction algorithms can significantly reduce noise without
increasing the radiation dose.
e. Patient Size: Larger patients absorb more x-rays, leading to higher noise levels in the images.
Managing noise is a balance between image quality and radiation dose. Techniques like iterative reconstruction allow
for lower doses while maintaining image quality.
3. Contrast Resolution
Contrast resolution is the ability of the CT scanner to differentiate between tissues with similar densities (Al-Naser &
Tafti, 2023). High contrast resolution is crucial for detecting lesions and subtle differences in tissue composition. It is
affected by:
a. Detector Sensitivity: Highly sensitive detectors can better differentiate between small differences in x-ray
attenuation.
b. Reconstruction Algorithms: Algorithms that enhance contrast resolution can help visualize subtle differences
in tissue density.
c. Contrast Agents: Administering contrast agents can improve the visibility of certain structures by increasing
the contrast between them and surrounding tissues.
Improving contrast resolution is essential for accurately identifying and characterizing lesions and other abnormalities.
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4. Artifacts
Artifacts are distortions or errors in CT images that can mimic or obscure pathology. Common types of attifacts include:
a.  Motion Artifacts: Caused by patient movement during the scan, leading to blurring and streaking.
b. Beam Hardening: Occurs when low-energy x-rays are absorbed more than high-energy x-rays, causing dark
streaks and bands.
c.  Metal Artifacts: Caused by metal objects within the scanned area, leading to streaks and bright spots.
d. Partial Volume Effect: Occurs when different tissues within a single voxel are averaged, reducing the apparent
contrast between them.
Minimizing artifacts is crucial for ensuring accurate diagnosis. Techniques such as patient immobilization, use of metal
artifact reduction software, and optimized scanning protocols can help reduce artifacts.

3.2 Advancements in CT: Helical and Multislice CT

Computed Tomography (CT) has undergone significant advancements since its inception, with helical (or spiral) CT
and multislice (or multidetector) CT being two of the most notable innovations. These advancements have
revolutionized medical imaging by improving scan speed, resolution, and coverage.

3.2.1 Helical CT

Helical CT involves the continuous movement of the patient table through the gantry while the x-ray tube rotates
around the patient (Computed Tomography | Radiology Key, n.d.). This results in a spiral or helical path of the x-ray
beam around the body.

a. Speed: Helical CT scans are faster than traditional sequential CT scans. The continuous movement allows for
the acquisition of large volumes of data in a single breath-hold, reducing motion artifacts and making the
technique suitable for imaging patients who have difficulty staying still.

b. Resolution: Helical CT provides better spatial resolution by acquiring data in a more continuous and
overlapping manner. This allows for the creation of thinner slices and more detailed images.

c. Coverage: The helical approach enables full-body scans in a relatively short time, enhancing the ability to image
large anatomical areas comprehensively. This is particularly beneficial for trauma cases and whole-body
screening.

3.2.2 Multislice CT

Multislice CT utilizes multiple rows of detectors to capture several slices of data simultaneously during a single rotation
of the x-ray tube(Goldman, 2008). Early versions had 4 detector rows, but modern systems can have 64, 128, 256, or
more rows.

a.  Speed: Multislice CT significantly increases scanning speed by capturing multiple slices in each rotation. This
reduces the overall scan time and minimizes the impact of patient movement, making it ideal for imaging
dynamic organs like the heart and lungs.

b. Resolution: With the ability to capture thinner slices, multislice CT enhances spatial resolution. This provides
more detailed images and improves the ability to detect small lesions, subtle fractures, and fine anatomical
structures.

c. Coverage: The wide detector arrays of multislice CT systems allow for greater anatomical coverage in a single
rotation. This capability is particularly useful for comprehensive scans of large body areas, such as in trauma
assessments or cancer staging.

3.2.3 Benefits of Helical and Multislice CT

The integration of helical and multislice technologies into CT imaging offers several significant benefits:
1. Improved Diagnostic Accuracy: The combination of faster scan times, higher spatial resolution, and
comprehensive coverage enhances the ability to detect and characterize abnormalities with greater precision.
2. Reduced Motion Artifacts: Faster scans reduce the likelthood of patient movement during the procedure,
resulting in clearer images and more accurate diagnoses.
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3. Enhanced Patient Comfort: Shorter scan times and the ability to complete scans in a single breath-hold improve
patient comfort and compliance, particularly for pediatric, eldetly, or critically ill patients.

4. Advanced Applications: These advancements have enabled new clinical applications, such as cardiac CT
angiography, where rapid acquisition of high-resolution images is essential for visualizing coronary arteries.

5. Volumetric Imaging: Helical and multislice CT facilitate the generation of three-dimensional (3D) images and
reconstructions. This is valuable for surgical planning, virtual endoscopy, and detailed anatomical studies.

6. Dose Efficiency: Modern multislice CT systems often include dose reduction technologies that optimize the
balance between image quality and radiation exposure, ensuring patient safety while maintaining diagnostic
efficacy.
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3.2.4 Dual Energy CT and Spectral Imaging

Dual Energy CT (DECT) and Spectral Imaging represent significant advancements in computed tomography, offering
enhanced diagnostic capabilities through improved tissue characterization and material differentiation (Greffier et al.,
2023). These technologies leverage the use of different energy levels to acquire additional information about the scanned
tissues, providing richer datasets for more accurate diagnoses.

3.2.5 Dual Energy CT (DECT)

Dual Energy CT involves the acquisition of CT data at two different energy levels, typically using two different x-ray
tube voltages. This can be achieved through various methods, such as:
1. Dual Source DECT: Utilizes two x-ray tubes and two detector arrays, each operating at different energy levels.
This allows for simultaneous data acquisition at high and low energies.
2. Rapid kVp Switching: Employs a single x-ray source that rapidly alternates between high and low kilovolt peak
(kVp) settings during the same scan, capturing data at both energy levels almost simultaneously.
3. Layered Detectors: Uses a single x-ray tube and a specialized detector that can differentiate between high- and
low-energy photons based on their penetration depths.
Applications and Benefits
1. Material Differentiation: DECT enhances the ability to differentiate materials based on their energy-dependent
attenuation properties. For instance, it can distinguish between iodine and calcium, which is crucial in
characterizing plaques in blood vessels or detecting tumors.
2. Improved Contrast: By isolating the high-energy component, DECT can reduce beam hardening artifacts and
improve contrast in imaging, particularly in soft tissues and vascular structures.
3. Virtual Non-Contrast Imaging: DECT can generate virtual non-contrast images from contrast-enhanced scans,
reducing the need for additional non-contrast scans and thus minimizing radiation exposure.
4. Bone Removal: It facilitates the automatic removal of bone from CT angiography images, providing clearer
views of blood vessels without the need for manual editing.

3.3 Spectral Imaging

Spectral Imaging extends the principles of DECT by acquiring CT data across a range of energy levels, rather than just
two discrete energies (Franco et al., 2023). This approach provides a more comprehensive spectral analysis of tissues.
Methods and Technologies
a.  Photon Counting Detectors (PCDs): These advanced detectors can count individual x-ray photons and measure
their energy, allowing for the acquisition of multi-energy data. PCDs offer superior energy resolution and noise
reduction compared to conventional detectors.
b. Dual Layer Detectors: Similar to those used in some DECT systems, these detectors separate high- and low-
energy photons based on their interaction depths within the detector material.

3.3.1  Applications and Benefits

1. Detailed Tissue Characterization: Spectral imaging can differentiate between a wider variety of materials and
tissues, offering detailed characterization that can aid in the identification of specific pathologies, such as
differentiating between different types of kidney stones or liver lesions.
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2. Enhanced Contrast Agents: The ability to analyze multiple energy levels improves the visualization of contrast
agents, enhancing the detection of vascular anomalies and tumors.

3. Quantitative Imaging: Spectral imaging provides quantitative measurements of tissue composition, such as
iodine concentration in contrast-enhanced studies, which can be crucial for assessing perfusion and evaluating
treatment response.

4. Artifact Reduction: By analyzing the spectral data, spectral imaging can reduce artifacts like beam hardening
and metal artifacts, leading to clearer and more diagnostic images.
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3.4 Clinical Applications and Implications of Using CT

Computed Tomography (CT) has revolutionized medical imaging since its introduction, providing detailed cross-
sectional images of the body that have significantly impacted patient diagnosis and management. The clinical
applications of CT are vast, spanning various medical fields and offering critical insights that influence treatment
decisions.

3.4.1 Clinical Applications

Neurology;

a.  Stroke Diagnosis: CT scans are essential in the acute setting for diagnosing ischemic and hemorrhagic strokes.
Non-contrast CT is typically used to rule out hemorrhage, while CT angiography can identify vascular
occlusions.

b. Head Injuries: CT is the preferred modality for assessing traumatic brain injuries, identifying fractures,
hemorrhages, and brain contusions.

Cardiology;

a. Coronary Artery Disease: CT coronary angiography is a non-invasive method for evaluating coronary artery
disease, providing images of coronary arteries and identifying stenoses or plaques.

b. Cardiac Structure: CT can evaluate the anatomy and function of the heart, aiding in the diagnosis of congenital
heart disease and other structural abnormalities.

Oncology:

a. Cancer Detection and Staging: CT is widely used for detecting tumors, determining the stage of cancer, and
monitoring treatment response. It is particularly valuable for cancers of the lung, liver, pancreas, and colon.

b. Guided Biopsies: CT-guided biopsies allow for precise sampling of suspicious lesions, improving diagnostic
accuracy.

Pulmonology:

Lung Diseases: High-resolution CT (HRCT) is crucial for diagnosing and monitoring interstitial lung diseases, such as
pulmonary fibrosis and sarcoidosis. CT also plays a key role in the eatly detection of lung cancer through screening
programs.

Gastroenterology:

a. Abdominal Pathologies: CT is effective in diagnosing a wide range of abdominal conditions, including
appendicitis, diverticulitis, and bowel obstructions. It is also used to assess liver diseases, such as citrhosis and
hepatic tumors.

b. Pancreatitis: CT helps evaluate the severity of acute pancreatitis and identify complications such as necrosis and
pseudocysts.

Musculoskeletal:

a. Trauma: CT is the modality of choice for assessing complex fractures and dislocations, providing detailed
images of bones and joints.

b. Spinal Disorders: CT is used to evaluate spinal pathologies, including herniated discs, spinal stenosis, and
vertebral fractures.

3.4.2 Impact on Patient Diagnosis and Management

The high-resolution images produced by CT allow for precise diagnosis of a wide range of conditions. This accuracy is
critical for determining the appropriate treatment plan and improving patient outcomes. For example, in oncology, CT
can detect small tumors that might be missed by other imaging modalities, enabling earlier intervention and better
prognosis.
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CT scans provide detailed anatomical information that helps guide surgical planning and other interventional
procedures. For instance, in trauma cases, CT can rapidly identify life-threatening injuries, allowing for timely surgical
intervention. CT is invaluable in monitoring the progression of diseases and evaluating the effectiveness of treatments.
In cancer patients, regular CT scans can track tumor size and response to chemotherapy or radiation therapy, informing
adjustments to the treatment plan as needed. CT-guided procedures, such as biopsies and drain placements, reduce the
need for more invasive surgical interventions. This minimizes patient risk, decreases recovery time, and lowers
healthcare costs.

In emergency settings, CT is crucial for rapid diagnosis and management of acute conditions such as strokes, traumatic
injuries (Lolli et al., 2016), and acute abdominal pain. The speed and accuracy of CT can be life-saving, facilitating swift
decision-making and intervention.

The detailed information provided by CT scans aids in comprehensive patient management. It allows healthcare
providers to develop personalized treatment plans, anticipate potential complications, and implement preventive
measures.
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3.5 Radiation Exposure in CT and Patient Safety

Computed Tomography (CT) scans are invaluable diagnostic tools, but they expose patients to ionizing radiation, which
carries potential risks. The primary concern is that radiation exposure, even at low doses, can increase the risk of cancer
over a patient's lifetime. Therefore, ensuring patient safety by minimizing radiation exposutre while maintaining image
quality is crucial.

3.5.1 Radiation Exposure Concerns

CT uses X-rays to create detailed images of the body. The ionizing radiation from X-rays has enough energy to remove
tightly bound electrons from atoms, creating ions. This process can damage DNA and potentially lead to cancer. The
risk is cumulative, meaning the more scans a patient undergoes, the higher the potential risk.

The amount of radiation a patient is exposed to during a CT scan is measured in millisieverts (mSv). The typical dose
for a single CT scan can vary widely depending on the type of scan and the body part being imaged. For example, a
head CT scan typically exposes a patient to 2 mSv, while an abdominal CT scan might expose a patient to 8-10 mSv.
Despite the risks, the benefits of CT scans often outweigh the potential harms. They provide critical diagnostic
information that can significantly impact patient management and outcomes. The key is to use CT appropriately and to
employ techniques that minimize radiation exposure.

3.5.2 Techniques for Dose Reduction

Iterative reconstruction is an advanced image processing technique that enhances image quality while reducing radiation
dose (Godt et al., 2021). Unlike traditional filtered back projection methods, iterative reconstruction algorithms
repeatedly refine the image by comparing it to the raw data and adjusting the image to reduce noise and artifacts. This
allows for lower radiation doses without compromising image clarity.

Dose modulation techniques adjust the amount of radiation used based on the patient's size, the body part being imaged,
and the specific diagnostic needs. There are several forms of dose modulation:

1. Automatic Exposure Control (AEC): AEC systems adjust the X-ray tube current in real-time during the scan
based on the patient's anatomy (Konst et al., 2021). This ensures that only the necessary amount of radiation is
used, reducing exposure while maintaining image quality.

2. Tube Cutrent Modulation: This technique adjusts the X-ray tube current along different axes of the patient's
body (Yurt et al., 2019). For instance, less radiation is used when imaging less dense areas, such as the lungs,
and more radiation is used for denser areas, such as the abdomen.

3. Adaptive Statistical Iterative Reconstruction (ASIR): ASIR is another form of iterative reconstruction that
adjusts the dose based on the patient's size (Brady et al., 2014) and the diagnostic task, further reducing radiation
exposute.

Proper patient positioning can also help reduce radiation dose. Ensuring that the patient is correctly aligned with the
scanner can minimize the need for repeat scans. Additionally, using protective shielding for sensitive body parts not
being imaged can reduce unnecessary exposute.
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Customizing scanning protocols for different patient groups (e.g., children versus adults) and specific diagnostic
requirements can significantly reduce radiation doses. For example, pediatric protocols often use lower doses because
children are more sensitive to radiation.

Educating healthcare providers about the risks of radiation and the importance of dose reduction techniques is essential.
This includes training on the proper use of dose reduction technologies and protocols.
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4 Conclusion
41  Expected Findings and Developments in CT

One of the most promising future developments in CT is the integration of Al and machine learning. These technologies
have the potential to revolutionize how images are acquired, reconstructed, and interpreted. Al algorithms can optimize
scan protocols in real-time, significantly reducing radiation dose and improving image quality. Furthermore, machine
learning can assist radiologists by automatically detecting and classifying abnormalities, leading to faster and more
accurate diagnoses. Photon-counting CT is an emerging technology that promises to enhance image resolution and
reduce radiation dose (Lachance et al., 2024). Unlike conventional CT detectors, which measure the total energy of
incoming X-rays, photon-counting detectors count individual photons and measure their energy. This allows for better
differentiation of tissues and materials, leading to more precise imaging. Photon-counting CT can also reduce artifacts
and improve image contrast, which is particularly beneficial in cardiovascular and oncological imaging.

Spectral imaging, including dual-energy CT, is becoming increasingly important. This technology uses different energy
levels to acquire multiple sets of data in a single scan, providing detailed information about tissue composition and
function. Future developments may include multi-energy CT systems that offer even more precise tissue
characterization. These advancements could enhance the detection and monitoring of diseases such as cancer,
cardiovascular conditions, and musculoskeletal disorders.

Reducing radiation exposure remains a top priority in CT development. Future low-dose CT techniques will likely
incorporate advanced iterative reconstruction algorithms and Al-driven dose optimization. Additionally, developments
in detector technology and more efficient X-ray tubes will contribute to lower radiation doses without compromising
image quality. These advancements are crucial for pediatric imaging and for patients requiring multiple scans over their
lifetime.

The future of CT also lies in its integration with other imaging modalities, such as PET (positron emission tomogtraphy)
and MRI (magnetic resonance imaging). Hybrid imaging systems, such as PET/CT and PET/MRI, combine the
anatomical detail of CT with the functional and metabolic information from PET or MRI. These integrated systems
offer comprehensive diagnostic information, improving the accuracy of disease detection and treatment planning.
Advances in miniaturization and portability are making it possible to develop compact, portable CT scanners. These
devices can be used in emergency settings, intensive care units, and even in remote or underserved areas. Portable CT
scanners can provide rapid imaging at the point of care, enabling immediate diagnosis and treatment, which is
particulatly valuable in trauma cases and critical care. Future developments in contrast agents will enhance CT imaging
capabilities. Researchers are working on new contrast materials that provide better visualization of blood vessels, tumors,
and other structures with lower doses and fewer side effects. Targeted contrast agents, which bind specifically to certain
types of cells or tissues, could improve the detection and characterization of diseases at a molecular level.

Innovations aimed at improving workflow efficiency and patient experience will continue to evolve. Automated patient
positioning, faster scan times, and user-friendly interfaces will streamline the imaging process. Additionally, patient
comfort measures, such as quieter scanners and more comfortable gantry designs, will enhance the overall experience
for patients undergoing CT scans.

4.2 Potential Impact of CT on Medical Imaging

The future of CT (Computed Tomography) imaging is poised for significant advancements driven by technological
innovation and evolving clinical needs. Key areas of development include the integration of artificial intelligence (Al),
the enhancement of detector technology, and the refinement of dose reduction techniques.

Al and machine learning algorithms are expected to revolutionize CT imaging by providing advanced image
reconstruction, noise reduction, and automated interpretation. These technologies will improve diagnostic accuracy,
reduce the time required for image analysis, and help in identifying subtle pathologies that might be missed by the
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human eye. Al will also facilitate personalized imaging protocols tailored to individual patient needs, optimizing image
quality while minimizing radiation exposure.

Detector technology is undergoing rapid advancement with the development of photon-counting detectors. These
detectors offer superior resolution and contrast by directly counting individual photons, providing detailed information
about the energy of each photon. This technology will enhance tissue characterization and improve the detection of
small lesions, particularly in areas with complex anatomy such as the brain and heart. Dose reduction remains a critical
focus in CT imaging. Techniques such as iterative reconstruction, adaptive statistical algorithms, and dose modulation
have already shown promise in reducing radiation exposure. Future innovations will likely further refine these methods,
ensuring high-quality images at even lower doses. Additionally, the development of low-dose contrast agents will
complement these efforts, reducing the overall radiation burden on patients.

The advancements in CT technology will have profound implications for medical imaging and patient care. Enhanced
image quality and improved diagnostic accuracy will lead to earlier detection and more precise characterization of
diseases, particularly in oncology, cardiology, and neurology. This will enable more effective treatment planning and
monitoring, improving patient outcomes. Al-driven automation will streamline workflows in radiology departments,
reducing the workload on radiologists and allowing them to focus on more complex cases. Automated image analysis
will also facilitate faster turnaround times for imaging studies, expediting diagnosis and treatment decisions.
Photon-counting detectors and other advanced imaging technologies will expand the capabilities of CT imaging beyond
traditional applications. For example, they will enable high-resolution imaging of vascular structures and soft tissues,
enhancing the assessment of conditions such as atherosclerosis and liver disease. These advancements will also support
the development of new imaging biomarkers, aiding in the diagnosis and management of various diseases.

The emphasis on dose reduction will enhance patient safety, addressing concerns about the long-term risks associated
with cumulative radiation exposure. This will make CT imaging a safer option for a broader range of patients, including
children and those requiring repeated imaging studies.
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