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2.3 X RAY SOURCES

The X-ray sources in CT (computed tomography) scanners play a critical role in generating
the high-resolution images used for medical diagnostics. Here's an overview of the X-ray
sources and their key aspects:

X-ray Tube:
The X-ray tube is the primary source of X-rays in a CT scanner. It consists of:

o Cathode: Emits electrons through thermionic emission.

e Anode: The target where electrons collide to generate X-rays. This process involves
converting kinetic energy into X-rays via bremsstrahlung (braking radiation) and
characteristic X-rays.

Tube Current and Voltage:

e Tube Current (mA): Controls the number of X-rays produced. Higher currents result
in higher X-ray output.

e Tube Voltage (kVp): Determines the energy of the X-rays. Higher voltage results in
higher penetration power and better imaging of dense tissues like bones.

Rotating Anode:

To dissipate the heat generated during X-ray production, most CT scanners use a rotating
anode. The rotation spreads the heat over a larger area, allowing for higher power operation.

X-ray Beam:

e The X-rays produced are collimated into a fan-shaped or cone-shaped beam,
depending on the CT system's design (e.g., single-slice vs. multi-slice CT).

« Beam geometry and collimation are essential for determining slice thickness and
image resolution.

X-ray Spectrum:
e The X-ray spectrum consists of a range of energies.

 Filtration is used to remove low-energy photons that do not contribute to imaging but
increase patient dose.

Advances in X-ray Sources:
Modern CT scanners have implemented technologies to enhance performance:
e Dual-Energy CT: Uses two X-ray tubes or rapidly alternating voltages to provide
images at different energy levels for material differentiation.

o Iterative Reconstruction: Reduces noise, allowing lower doses without
compromising image quality.
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e Photon-Counting Detectors (emerging): These systems use more precise X-ray
photon measurements to improve resolution and lower radiation dose.

The combination of precise control of the X-ray source and advanced detector technology
allows CT scanners to produce detailed cross-sectional images critical for diagnosis

Collimation in CT (Computed Tomography) refers to the process of restricting
the X-ray beam to a specific width and shape. This technique plays a critical role in image
quality, radiation dose management, and scan efficiency. Here's an overview of its key
aspects:

Purpose of Collimation

o Restricting Beam Width: Limits the X-ray beam to only the area of interest,
reducing unnecessary radiation exposure.

« Improving Image Quality: Reduces scatter radiation and ensures sharper, more
accurate images.

e Enhancing Slice Thickness Control: Helps define the thickness of the image slices
acquired, which affects spatial resolution and detail.

Types of Collimation in CT

e Pre-Patient Collimation:
o Located before the patient in the X-ray tube assembly.
o Shapes the X-ray beam before it reaches the patient.
o Ensures that only the necessary area of the patient is exposed.
e Post-Patient Collimation:
o Located after the patient and before the detectors.
o Ensures that only the X-rays that have passed through the desired anatomy are
detected.
o Reduces scatter radiation reaching the detector, enhancing image quality.

Collimation and Slice Thickness
In modern multidetector CT (MDCT) scanners:

e The collimation width determines the thickness of the slices:
o Narrow Collimation: Produces thin slices (e.g., 1 mm), improving spatial
resolution, useful for small structures or 3D reconstructions.
o Wide Collimation: Produces thicker slices (e.g., 5 mm), used for faster scans
and lower radiation dose.
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Pitch and Collimation

« The pitch (table travel per rotation divided by collimation width) is directly affected
by collimation:
o Narrower collimation often results in a slower pitch (higher resolution but
longer scan times).
o Wider collimation allows for faster scans with reduced detail.

Role in Dose Optimization

e Proper collimation ensures minimal exposure of adjacent tissues, significantly
reducing the patient’s radiation dose without compromising diagnostic quality.

Advances in Collimation

e Modern CT scanners employ dynamic collimators that adjust during scans to avoid
overexposure during helical scanning or cone beam geometry.

Collimation is an essential concept in CT imaging, balancing diagnostic accuracy with patient
safety.

X RAY DETECTORS

X-ray detectors in computed tomography (CT) systems are key components that capture X-
rays after they pass through a patient and convert them into signals used to create cross-
sectional images. These detectors have evolved significantly, leading to improvements in
image quality, scan speed, and radiation dose efficiency. Here’s an overview:

Function of X-Ray Detectors in CT
o Capture X-rays: Detectors measure the intensity of X-rays that pass through the
patient.
« Signal conversion: They convert X-ray photons into electrical signals, which are
processed to reconstruct CT images.

« Data accuracy: High-quality detectors ensure precise measurements for accurate
image reconstruction.

Types of X-Ray Detectors in CT

A. Based on Conversion Process

1. Indirect Conversion Detectors:
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o X-ray photons are converted to visible light using a scintillator material (e.g.,
gadolinium oxysulfide or cesium iodide).

o Visible light is then detected by photodiodes and converted into electrical
signals.

o Common in modern CT systems due to high efficiency and image quality.

2. Direct Conversion Detectors (less common in CT):

o X-ray photons are directly converted into electrical charges using materials
like amorphous selenium.

o Simpler architecture but less commonly used in CT compared to other
modalities like mammography.

B. Based on Design

1. Single-Slice Detectors:
o Capture data from one cross-sectional slice per rotation.
o Older systems with longer scan times.
2. Multi-Slice Detectors:
o Consist of multiple rows of detectors, enabling simultaneous acquisition of
data from several slices per rotation.
o Common in modern CT scanners (e.g., 64-slice, 128-slice, and beyond).
3. Photon-Counting Detectors (Emerging Technology):
o Count individual X-ray photons and measure their energy.
o Provide improved resolution, noise reduction, and spectral imaging
capabilities.
o Promise better material differentiation and lower radiation dose.

Key Parameters of Detectors
o Detector Efficiency: A combination of quantum detection efficiency (QDE) and
geometric efficiency.
o Spatial Resolution: Ability to distinguish small structures.

o Temporal Resolution: Speed of data acquisition for moving organs.
« Dynamic Range: Sensitivity to detect a wide range of X-ray intensities.

Materials Used in X-Ray Detectors

o Scintillators: Gadolinium oxysulfide (Gd20-S), cesium iodide (CsI).
o Photodiodes: Silicon-based for light-to-electrical conversion.

Advances in CT Detectors
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e Energy-Resolved CT: Photon-counting detectors offer spectral data to enhance
diagnostic capabilities.
« Noise Reduction: New algorithms paired with detectors reduce artifacts and improve

low-dose performance.
o Faster Scans: Advanced detector designs enable quicker data acquisition for dynamic

studies like cardiac imaging.

In modern CT systems, detector technology continues to evolve, driven by the need for better
image quality, lower radiation doses, and expanded diagnostic capabilities.

VIEWING SYSTEMS

In computed tomography (CT) imaging, viewing systems are used to display and interpret
the images captured by the CT scanner. These systems are critical for analyzing and
diagnosing abnormalities in patient anatomy. Here’s an overview of CT viewing systems and
their components:

Workstations

Modern CT scanners are paired with dedicated viewing workstations that allow radiologists
and technologists to view and manipulate CT images. Features include:

e High-resolution monitors for detailed visualization.
o Software tools for 2D and 3D image reconstruction.
o Multiplanar reconstructions (MPR): Images are displayed in axial, sagittal, and

coronal planes.
e Volume rendering: Provides 3D visualization of anatomical structures.
o Tools for measurements (length, density, volume) and annotations.

Picture Archiving and Communication System (PACS)
o PACS is a system that stores, retrieves, and displays CT images for radiologists and

referring physicians.
e Images are transmitted from the scanner to PACS, where they can be accessed on

multiple devices.
e PACS integrates with Electronic Health Records (EHRS) to provide patient context.

Viewing Modes

CT systems offer multiple viewing options:
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Axial Mode: Images are viewed slice by slice in the transverse plane.

Multiplanar Reconstruction (MPR): Reconstructs images into different planes.

3D Volume Rendering: Creates realistic 3D images for surgical planning or
advanced diagnosis.

Cinematic Rendering: A newer technique for lifelike 3D images.

Maximum Intensity Projection (MIP): Highlights dense structures, such as bones or
contrast-enhanced vessels.

Windowing: Adjusting brightness and contrast to emphasize soft tissue, bone, or lung
structures.

Advanced Post-Processing

Computer-Aided Detection (CAD): Assists radiologists by highlighting potential
abnormalities.

Perfusion Studies: For dynamic imaging of blood flow (e.g., stroke evaluation).
Dual-Energy CT Analysis: Differentiates materials based on their X-ray absorption
properties.

Cloud-Based Viewing Systems

Modern systems also allow cloud-based access, where CT images are:

Stored securely online.
Accessed remotely by specialists via mobile devices or web browsers.
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