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Image Quality




In X-ray imaging, the quality of the image is influenced
by several key factors, including:

1. Contrast

The contrast of an X-ray image refers to the degree of
difference in brightness or density between different
areas of the image, allowing the radiologist to
differentiate between various tissues, structures, or
materials. Contrast is a critical factor in the diagnostic
utility of X-rays, as it enables clear visualization of
anatomical features.

Types of Contrast in X-ray Imaging

a. Subject Contrast: Subject contrast is determined by

the differential absorption of X-rays by various
tissues in the body. The absorption depends on:

- Tissue density: Dense tissues, like bone, absorb more
X-rays and appear whiter on the image, while less
dense tissues, like soft tissues, absorb fewer X-rays
and appear darker.

- Atomic number: Materials with a higher atomic
number (such as calcium in bones) absorb more X-
rays compared to materials with a lower atomic
number (like fat or air in the lungs).

- Thickness of the tissue: Thicker areas absorb more
X-rays and thus appear lighter compared to thinner
areas.

In medical imaging, subject contrast is essential for
differentiating structures such as bone from soft tissues,
or identifying abnormalities like tumors or fractures.

b. Detector Contrast: Detector contrast is a property

of the X-ray detector or film system and refers to the

ability of the detector to display differences in X-ray

Intensity. Digital detectors typically have a broader

dynamic range compared to traditional film, allowing

them to capture subtle differences In intensity and
produce higher contrast images.

Factors Affecting Contrast

Several factors affect the contrast in X-ray images,

which can be adjusted to optimize the quality of the

Image for specific diagnostic needs:

1. Kilovolt Peak (kVp)

Example: Lower kVp (e.g., 50-60 kVp) enhances

contrast in soft-tissue studies, but for areas like the

chest (100-150 kVp), higher kVp is used to reduce
contrast and ensure visualization of deeper structures.



2. Use of Contrast Agents: Contrast agents are
substances injected or ingested by the patient to increase
contrast in certain areas of the body by artificially
enhancing X-ray absorption in specific tissues or blood
vessels. These agents are particularly useful for
visualizing soft tissues, blood vessels, or areas with
naturally low contrast in standard X-ray images.

3. Scatter Radiation: Scatter radiation reduces image

contrast by adding unwanted X-ray exposure to the

detector.

Balancing Contrast and Image Quality
While higher contrast improves the visibility of

certain structures, it may obscure other details. For

example:

- Low contrast is beneficial for visualizing soft tissue
differences, such as in abdominal or thoracic imaging,
but may make it harder to detect fine details in bone.

- High contrast is more useful for evaluating bone
structures or detecting foreign objects but may lose
some details in areas with lower attenuation, like lung
tissue.

2. Resolution

The resolution of an X-ray image refers to the
ability of the imaging system to distinguish between
two closely spaced objects or details. It determines the
sharpness and clarity of the image and is crucial in
ensuring that fine anatomical structures can be
accurately visualized.

Types of Resolution in X-ray Imaging

a. Spatial Resolution: Spatial resolution describes
the ability of the X-ray system to differentiate
small objects that are close together. It is generally
measured in line pairs per millimeter (Ip/mm),
which indicates how many pairs of alternating
black and white lines can be resolved in one
millimeter of the image. The higher the spatial
resolution, the finer the details that can be
observed.

Clinical Example: High spatial resolution is critical in

Imaging modalities like mammography, where

detecting small calcifications can be essential for early

cancer diagnosis.



b. Contrast Resolution: Contrast resolution refers to the
system's ability to distinguish between differences in X-
ray attenuation between tissues of varying densities.
While spatial resolution relates to detecting fine
structural details, contrast resolution is about
distinguishing subtle differences in tissue composition. It
Is crucial for wvisualizing soft tissues where the
differences in X-ray absorption are small, such as in liver
or lung imaging.

Clinical Example: In chest radiography, high contrast
resolution is necessary to differentiate between soft
tissue, air in the lungs, and fluid accumulations.

c. Temporal Resolution: Temporal resolution refers to
the system's ability to accurately capture moving objects.
This i1s most relevant in fluoroscopic procedures, where
real-time imaging is used to visualize dynamic processes
(e.g., the movement of the heart or gastrointestinal tract).
Clinical Example: In angiography, where X-rays are
used to visualize blood flow, high temporal resolution is
needed to capture the movement of contrast agents
through the vessels.

Factors Affecting X-ray Image Resolution

1. Focal Spot Size:

Example: For fine-detail imaging such as
mammography or extremity X-rays, focal spot sizes
may be as small as 0.3 mm or less. In contrast, for
Imaging larger areas like the chest or abdomen, a larger
focal spot (e.g., 1.0 mm) may be acceptable.

2. Magnification and Geometric Unsharpness:
Geometric factors, such as the distance between the X-
ray source, the patient, and the detector, significantly
affect resolution

Clinical Example: In extremity radiography, such as
Imaging hands or feet, minimizing the object-to-
detector distance helps achieve clearer, high-resolution
Images.

3. Motion Artifacts

Clinical Example: In pediatric radiography, where
patients may have difficulty staying still, shorter
exposure times or immobilization devices are often
used to prevent motion blur.



4. Image Processing and Software: Modern digital X-
ray systems use advanced software algorithms to enhance
spatial resolution by reducing noise and sharpening
edges.

Example: Edge enhancement algorithms can help
radiologists detect small fractures or calcifications by
emphasizing the boundaries between tissues.

3. Noise

In X-ray imaging, noise refers to random variations in
the image that do not correspond to the actual anatomical
structures being imaged. Noise can obscure fine details
and reduce the clarity and diagnostic value of the image.
It is a critical factor in determining image quality and is
often a trade-off with factors such as radiation dose and
exposure time.

Types of Noise in X-ray Imaging

1. Quantum Noise (Quantum Mottle): Quantum noise,
also called quantum mottle, is the most common source
of noise in X-ray images. It arises due to the statistical
variation in the number of X-ray photons reaching the
detector. If fewer photons are detected, there is more
random variation, leading to noise.

Cause: It occurs when the X-ray exposure (mAS) Is
too low, resulting in fewer photons interacting with
the detector. The lower the number of photons, the
higher the statistical fluctuation, leading to more
noise.

Effect: Quantum noise appears as graininess or
speckled areas in the image and can make it
difficult to distinguish small or subtle structures.
Example: In low-dose X-ray imaging (e.g.,
pediatric radiography), reducing the exposure to
minimize radiation can lead to increased quantum
noise, which may obscure fine details.

2. Electronic Noise: Electronic noise is caused by
random variations in the electrical signal generated
within the X-ray detector system or the electronics used
to process the image. It typically arises from:

Detector sensitivity: Some detectors are more
prone to electronic noise depending on their
material and construction.

Amplification circuits: Noise can be introduced
during the amplification and digitization of the
signal.



Example: Older or lower-quality digital detectors may
Introduce electronic noise, reducing the signal-to-noise
ratio (SNR) of the image.

3. Scatter Radiation Noise: Scatter radiation refers to X-

rays that have been deflected from their original path

after interacting with the patient’s body. These scattered

X-rays can reach the detector, creating noise that reduces

contrast and image quality.

- Cause: Scattered X-rays degrade image quality by
Introducing signals that do not represent the structures
of interest.

- Effect: Scatter noise reduces the contrast between
different tissues, making it harder to differentiate
anatomical structures.

- Example: Scatter noise is common in larger body
areas, such as the chest or abdomen, where the use of
anti-scatter grids iIs necessary to improve image
contrast.

4. Unsharpness

Unsharpness (or blurring) in X-ray images refers to the
lack of clarity or detail, where the boundaries between
different structures are not well-defined.

It reduces the diagnostic value of an iImage by
obscuring small features and can make it difficult to
distinguish  between different tissues or detect
abnormalities.  Understanding the causes of
unsharpness and how to minimize it is crucial for
producing high-quality diagnostic images.

Types of Unsharpness in X-ray Imaging

1. Geometric Unsharpness: Geometric unsharpness
arises from the physical setup of the X-ray imaging
system, particularly how the X-rays are projected from
the source to the detector. It is influenced by the size of
the X-ray tube’s focal spot and the distances between
the X-ray source, patient, and detector.

Example: In mammography, a small focal spot and
short object-to-detector distance are used to ensure
high sharpness, as fine details like microcalcifications
must be visible.

2. Motion Unsharpness: Motion unsharpness occurs
when there is movement of the patient, the X-ray tube,
or the detector during the exposure. This movement
causes the image to blur, as structures shift from their
original positions while the X-rays are being captured.



Example: In chest X-rays, motion unsharpness can be
reduced by instructing the patient to hold their breath
during exposure. Faster exposure times also help
minimize the impact of motion.

3. Absorption Unsharpness (Penumbra Effect):
Absorption unsharpness, or the penumbra effect, is
caused by the way X-rays are absorbed differently by
tissues at the edges of an object. X-rays spread out from
the focal spot, and some are absorbed more strongly at
the edges, leading to a blurry outline of structures. This
effect is more pronounced when there is a large focal spot
or if the object is thick.

Example: In thicker body parts, such as the abdomen,
absorption unsharpness can obscure the borders of organs
or bones, making it harder to detect details like fractures
or lesions.

Factors Influencing Unsharpness

1. Focal Spot Size

Example: In mammography, where very high sharpness
IS needed to detect fine structures, a small focal spot (e.g.,
0.3 mm) is used. In contrast, a larger focal spot may be
acceptable for less detailed imaging, such as chest X-

2. Magnification and Geometry

Example: In dental X-rays, the source Is positioned as
far as possible from the patient’s mouth to minimize
magnification and geometric unsharpness.

3. Motion: Movement during the exposure iIs one of
the most common causes of unsharpness.

Example: In pediatric imaging, where patient
movement IS common, shorter exposure times and
Immobilization devices are frequently used to reduce
motion unsharpness.

4. Detector Properties

Example: In digital radiography, detectors with higher
resolution (smaller pixel size) provide clearer images,
reducing unsharpness in fine anatomical structures.

5. Mangnification

In X-ray imaging, magnification refers to the
enlargement of an object in the resulting image
compared to its actual size. While some magnification
IS inherent in X-ray imaging due to the geometry of the
setup, excessive magnification can lead to distortion
and unsharpness, affecting the image’s quality.



Causes of Magnification in X-ray Imaging
Magnification occurs due to the divergent nature of X-

rays as they travel from the source to the detector. Since

X-rays are emitted from a small point (the focal spot) and

spread out as they travel, objects closer to the X-ray

source will appear larger on the detector, while objects

farther from the source will appear closer to their actual

size.

The key

magnification

1. Source-to-Object Distance (SOD): The source-to-
object distance is the distance between the X-ray
tube (where the X-rays originate) and the object (or
patient). Increasing the SOD reduces magnification
because the X-rays are less divergent when they
reach the object.

- Longer SOD: Less magnification, clearer image.

- Shorter SOD: More magnification, but also more
blurring due to geometric unsharpness.

2. Object-to-Detector Distance (ODD): The object-to-

detector distance is the distance between the object and

the X-ray detector. The greater this distance, the more

geometric  factors that influence

magnification occurs because the X-rays spread out

more after passing through the object before reaching

the detector.

- Shorter ODD: Less magnification, clearer and
sharper image.

- Longer ODD: More magnification, with potential
blurring or distortion.

Effects of Magnification on Image Quality

1. Increased Geometric Unsharpness: As

magnification increases, geometric unsharpness also

Increases due to the larger distance between the object

and the detector. This blurring effect is a result of the

X-rays spreading out more after passing through the

object, causing edges and fine details to become less

defined.

Example: In chest X-rays, excessive magnification of

structures like the heart can obscure details and make it

harder to assess small abnormalities.

2. Distortion: Magnification can cause distortion if

different parts of the object are at varying distances

from the detector. For instance, curved structures like

bones may appear distorted if parts of them are closer



to the detector than others, leading to an inaccurate
representation of size or shape.

Example: In dental radiography, improper positioning of
the patient's mouth can result in magnification and
distortion, making it difficult to assess the alignment of
teeth.

3. Magnification in Clinical Practice: In some cases,
magnification is intentionally used to enhance the
visibility of small structures. For example, in
mammography, a specialized magnification technique
(using a dedicated magnification device) is employed to
enlarge small areas of the breast tissue, such as
microcalcifications, to ensure they are clearly visible.
However, care must be taken to balance magnification
with the resulting geometric unsharpness.

Example: Magnified mammography views are often
used to assess suspicious areas that require greater detail,
such as calcifications that may indicate early signs of
breast cancer.

6. Distortion

In  X-ray 1imaging, distortion refers to the
misrepresentation of the size, shape, or position of
structures In the resulting image compared to their true
appearance. Distortion can affect diagnostic accuracy
by making it difficult to assess the actual dimensions or
characteristics of anatomical structures. It can be
caused by various factors related to the geometry of the
X-ray setup, patient positioning, and equipment.

Types of Distortion in X-ray Imaging

1. Size Distortion (Magnification Distortion): Size
distortion occurs when the object being imaged appears
larger than its actual size due to the geometry of the X-
ray setup. This type of distortion is primarily caused by
magnification, where the X-ray source, object, and
detector are positioned in such a way that the object
appears enlarged.

Cause: The distance between the object and the
detector is too large, or the X-ray source is too close to
the object, causing the divergent X-rays to create a
magnified image.



Effect: The entire object appears larger, but the
proportions remain accurate. However, the increased
magnification can make it harder to assess the true size of
structures or to measure distances accurately.

Example: In chest X-rays, if the heart is positioned
farther from the detector, it will appear larger, potentially
leading to a false interpretation of cardiomegaly
(enlarged heart).

2. Shape Distortion: Shape distortion refers to the
alteration of the shape of structures in the X-ray image,
making them appear elongated, foreshortened, or skewed.
This occurs when the object or patient is not properly
aligned with the X-ray beam or detector.

Cause: Misalignment of the X-ray beam, object, or
detector. If the object is angled relative to the X-ray beam
or detector, parts of the object closer to the detector will
appear smaller, while parts farther away will appear
larger, leading to distortion.

Effect: The object appears stretched, compressed, or
distorted in shape, which can misrepresent anatomical
structures and complicate diagnosis.

Example: In dental radiography, improper positioning
of the patient’s jaw can result in elongated or
foreshortened images of the teeth, making it difficult to
assess their true alignment or structure.

Clinical Examples of Distortion

1.

Dental Radiography: In dental imaging, proper
positioning Is crucial to avoid distortion of the
teeth and jaw. If the X-ray beam is not properly
aligned or if the patient’s head is not positioned
correctly, teeth may appear longer (elongation) or
shorter (foreshortening) than their actual size,
affecting the accuracy of diagnoses related to tooth
alignment or jawbone structure.

Chest Radiography: Distortion of the heart size is
a common issue in chest X-rays. If the heart is too
far from the detector, it can appear larger than it
actually is, leading to a false diagnosis of an
enlarged heart. Proper positioning of the patient,
ensuring that the heart is close to the detector,
minimizes this distortion.

Orthopedic Imaging: In imaging of bones and
joints, such as the limbs, distortion can affect



measurements used for surgical planning or diagnosis of
fractures. For iInstance, if the X-ray beam is angled
incorrectly, a long bone (e.g., the femur) may appear
shorter or longer than it is, complicating assessments of
bone alignment or length discrepancies.

7. Artifact

Artifacts are unwanted features that appear in the
Image but do not correspond to the actual structures of
the body. These artifacts can interfere with the
interpretation of the image and reduce its diagnostic
value. Artifacts may arise from a variety of sources,
including patient movement, equipment issues, improper
technique, or external objects. Identifying and
minimizing artifacts is crucial for obtaining high-quality
X-ray images.

Types of Artifacts

1. Motion Artifacts: Motion artifacts occur when the
patient or part of the body being imaged moves during
the exposure. This creates blurred or duplicated images
that can obscure details, making it difficult to identify
Important structures.

Cause: Voluntary or involuntary movements by the
patient during exposure (e.g., breathing, muscle
tremors).

Effect: Blurred edges, double images, or streaks that
reduce the clarity of the image.

Example: In chest X-rays, if the patient moves or
breathes during the exposure, the heart or lung borders
may appear blurred, making it harder to diagnose
conditions like pneumonia or heart enlargement.

2. Grid Artifacts: Grids are used in to reduce scatter
radiation, which can degrade image quality. However,
If the grid is improperly aligned or there is an issue
with its movement, it can cause visible lines or patterns
on the image.

Cause: Misalignment or malfunction of the anti-scatter
grid, or incorrect positioning of the grid relative to the
X-ray beam.

Effect: Visible lines or patterns across the image that
do not correspond to the anatomy being imaged.
Example: In abdominal radiography, grid artifacts may
appear as dark lines running horizontally or vertically

through the image, obscuring important details of the
ahdominal oraanc



3. Quantum Mottle (Noise Artifacts): Quantum mottle
Is a type of noise artifact that occurs when there are too
few X-ray photons reaching the detector, resulting in a
grainy or speckled appearance in the image. This often
happens when the exposure time is too short or the X-ray
dose is too low.

Cause: Insufficient radiation dose, short exposure time,
or poor detector sensitivity.

Effect: A grainy or mottled appearance, making it harder
to see fine details or subtle differences in tissue contrast.
Example: In low-dose chest X-rays, quantum mottle
may make it difficult to visualize fine structures like
small blood vessels or subtle lung markings, affecting the
detection of conditions like early-stage lung disease.

4. Foreign Object Artifacts: These artifacts occur when
external objects, such as jewelry, clothing, or medical
devices, are accidentally included in the X-ray field.
These objects block the X-rays, casting shadows or
superimposing on the anatomy being imaged.

Cause: Failure to remove metal objects (e.g., necklaces,
belts, zippers) or devices (e.g., pacemakers) before the X-
ray.

Effect: Opaque areas or shadows that may obscure
underlying anatomical structures or be mistaken for
pathology.

Example: In a dental X-ray, if the patient forgets to
remove a tongue piercing, the metal can appear as a
radiopaque (white) object, potentially obscuring
Important dental structures.

5. Double Exposure Artifacts: Double exposure
occurs when two images are mistakenly taken on the
same film or detector plate. This can happen when the
X-ray plate is not properly cleared between exposures
or when an image is taken before the previous one is
processed.

Cause: Failure to reset the detector or film after an
exposure, or accidental re-exposure of the same area.
Effect: A ghost or double image, where two sets of
anatomical structures overlap, causing confusion in
Interpretation.

Example: In extremity imaging, double exposure may
cause two images of the same limb to appear
superimposed, making it difficult to assess fractures or
joint alignment.



6. Phantom (Ghost) Artifacts: Phantom artifacts are
residual images left on the detector from a previous
exposure. These are often seen in digital X-ray systems
when the detector is not properly reset between
exposures.

Cause: Incomplete erasure of a previous image on digital
detectors or film, leading to "ghost" images.

Effect: Faint, shadowy outlines of anatomical structures
from a previous exposure superimposed on the current
image.

Example: In chest radiography, a faint outline of a
previous patient's ribcage may appear on the current
patient’s image if the detector was not properly cleared.
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