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Module 1: X‑Ray Imaging Fundamentals – Deep Dive

What Are X-rays?

X-rays are a high‑energy form of electromagnetic radiation with wavelengths between 0.01
and 10 nanometers. Because they possess more energy than visible light, X‑ray photons can
penetrate soft tissue while being absorbed or scattered by denser structures such as bone or
metal.

In diagnostic radiography, a controlled X‑ray beam is directed through the patient toward a
digital detector or film. The differential absorption of photons produces a shadow image that
reveals internal anatomy and pathology.

X‑rays also interact via the photoelectric effect and Compton scatter. Understanding these
interactions helps radiographers optimize image contrast and minimize patient dose.

History and Evolution of Radiography

1895: Wilhelm Roentgen discovers X‑rays and produces the first radiograph of his wife’s
hand, revolutionizing medical diagnostics.

Early 1900s–1950s: Glass‑plate and later film-screen systems become standard.
Fluoroscopy is introduced for real‑time imaging, though early units expose both patients and
operators to high doses.

1970s–1990s: Rapid advances in intensifying screens, rare‑earth phosphors, and automatic
exposure control improve speed and reduce dose. Computed Tomography (CT) emerges,
enabling 3‑D cross‑sectional imaging.

2000s–Present: Transition to Computed Radiography (CR) and Digital Radiography (DR) with
flat‑panel detectors has eliminated film processing chemicals, streamlined PACS workflow,
and further reduced repeat rates.

Radiation Properties

X‑rays exhibit wave‑particle duality: they behave as both waves (characterized by frequency
and wavelength) and particles (photons). Photon energy (E) is directly proportional to
frequency (f) and inversely proportional to wavelength (λ): E = hf.



Ionizing radiation can remove tightly‑bound electrons from atoms, potentially causing cellular
damage. The probability of interaction depends on photon energy and the atomic number of
the absorbing material.

Key interactions in medical imaging:
• Photoelectric Effect – complete absorption, dominant in bone; contributes to contrast
• Compton Scatter – partial energy loss and deflection; reduces image quality and increases
dose
• Coherent Scatter – low‑energy interaction with minimal impact on image formation

Image Formation and Resolution

Image contrast arises from differential attenuation: bone (high Z) absorbs more photons than
soft tissue, producing the familiar white‑to‑grey spectrum on radiographs.

Spatial resolution is influenced by focal‑spot size, detector pixel pitch, motion, and geometric
unsharpness. A smaller focal spot and proper SID (Source‑to‑Image Distance) reduce
penumbra, sharpening edges.

Digital post‑processing (window/level adjustments and edge enhancement algorithms)
further refines diagnostic utility, but acquisition factors like kVp and mAs remain
foundational.

Radiation Safety Basics

The ALARA principle mandates keeping radiation exposure “As Low As Reasonably
Achievable.” Radiologic technologists apply three cardinal rules: Time, Distance, and
Shielding.

Lead aprons (0.5 mm Pb equivalent) attenuate roughly 90–99% of scatter at diagnostic
energies. Thyroid collars and gonadal shields are used when anatomy of interest is not
compromised.

Regulatory bodies (NRC, OSHA) set annual dose limits (e.g., 50 mSv for radiation workers).
Dosimetry badges track cumulative exposure and must be worn at the collar outside the
apron.

© 2025 CHCP E‑Learning Certification Programs LLC

Radiography Certification Course

Module 2: Patient Positioning and Exposure – Expanded



Positioning for Chest X-rays

The chest X-ray is the most common diagnostic radiograph. PA (Posteroanterior) and Lateral
views are standard for evaluating heart, lungs, and bony thorax.

Correct positioning involves the patient standing upright, chin raised, shoulders rolled
forward to move scapulae laterally, and hands on hips.

Lateral view requires arms raised and a true side profile, essential for mediastinal evaluation
and distinguishing anterior vs. posterior structures.

Abdominal Imaging Views

Abdominal radiography is used for assessing bowel obstruction, perforation, and
organomegaly. Key projections include supine (KUB), upright abdomen, and lateral decubitus.

Upright imaging reveals air-fluid levels, while decubitus helps detect free intraperitoneal air.

Collimation and gonadal shielding are especially critical due to proximity to radiosensitive
organs.

Extremity and Spinal Imaging

Extremity X-rays often include AP, lateral, and oblique views. Positioning must prevent
rotation for accurate joint visualization.

For spine imaging, lateral lumbar and cervical views are critical. The use of compensating
filters and tight collimation improves image quality.

Weight-bearing knee and foot views assess functional anatomy in orthopedic contexts.

Exposure Control Settings

kVp determines beam penetration and image contrast. Lower kVp (60–70) is used for
extremities; higher (100–120) for chest.

mAs affects image density and must be balanced against motion blur risk and dose
concerns.

AEC (Automatic Exposure Control) systems terminate exposure automatically but require
correct sensor selection and patient positioning.

Positioning Errors and Repeats

Common errors include poor centering, rotation, motion blur, and improper collimation.

Repeat exposures increase dose and reduce efficiency. Always review the preview image
before releasing the patient.

Documentation of repeats helps quality control and technologist feedback programs.
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Module 3: Radiographic Anatomy – Expanded

Skeletal Landmarks

Radiographic anatomy relies on consistent skeletal landmarks to guide positioning and
interpretation. For example, the iliac crest indicates L4-L5 spinal level, while the acromion
marks the shoulder’s apex.

In the skull, features such as the sella turcica and external auditory meatus are essential for
cranial positioning and evaluation.

Accurate identification supports correct patient positioning, reduces retakes, and ensures
diagnostic utility of images.

Thoracic and Abdominal Structures

The thoracic cavity includes the lungs, heart, trachea, and great vessels. Lung fields must be
assessed for symmetry, costophrenic angles, and vascular markings.

In abdominal imaging, visible organs may include the liver, spleen, kidneys, stomach, and
bowel loops. Radiolucency and radiopacity differences reveal obstructions or masses.

Proper inspiration and exposure technique are critical to visualize subtle findings like small
pneumothoraces or organomegaly.

Reading an X-ray: Steps and Signs

A systematic approach to interpretation begins with confirming patient ID, projection type,
and orientation (left/right markers).

Follow the ABCDE method for chest X-rays: Airways, Bones, Cardiac silhouette, Diaphragm,
and Everything else.

Recognize radiographic signs such as ‘air bronchogram’ (suggesting alveolar consolidation)
or ‘thumb sign’ in lateral neck X-ray indicating epiglottitis.

Pediatric vs Adult Anatomy



Children have growth plates (epiphyseal plates) that appear radiolucent and must not be
mistaken for fractures. The skeletal system is more cartilaginous and flexible.

Normal variants like thymic shadow in infants or incomplete ossification in the elbow require
familiarity to avoid misdiagnosis.

Positioning aids, immobilization devices, and patient comfort are key in pediatric radiography
to avoid motion artifacts.

Common Pathologies on Film

Fractures (transverse, oblique, comminuted), dislocations, osteoarthritis, scoliosis, and bone
tumors are common skeletal findings.

Chest pathologies include pleural effusion, pneumonia, pneumothorax, cardiomegaly, and
congestive heart failure.

In abdominal radiography, look for bowel gas patterns, calcifications (e.g., kidney stones),
and abnormal air-fluid levels.
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Module 4: Radiation Protection – Expanded

Lead Shielding Best Practices

Lead shielding is critical in reducing unnecessary radiation exposure to patients and
healthcare workers. Standard protective devices include aprons, thyroid collars, gonadal
shields, and mobile lead barriers.

Shields must be properly placed to protect radiosensitive organs without obstructing the area
of clinical interest. For example, gonadal shields should be used in pelvic imaging when
applicable.

Shielding is also applied to pediatric patients with greater sensitivity to radiation. Always
verify proper shield placement before exposure.

Distance and Time Factors



The inverse square law governs radiation intensity: doubling the distance from the source
reduces exposure to one-quarter of the original intensity.

Time should be minimized when in proximity to an active radiation source. Operators should
step away from the X-ray field during exposure.

Automated exposure systems (AEC) can help reduce exposure time while ensuring adequate
image quality.

Monitoring and Dosimetry

Personal dosimeters (typically TLD or OSL badges) are worn to track cumulative radiation
exposure. These should be placed at collar level, outside the lead apron, and submitted
monthly.

Radiology departments are required to document exposure for all staff and provide annual
reports. Pregnant technologists may be issued fetal dosimeters as well.

Area monitoring devices are placed in control rooms or fluoroscopy suites to assess
environmental radiation levels over time.

Pediatric Protection Guidelines

Children are more radiosensitive due to rapidly dividing cells and longer lifespans. This
necessitates tighter collimation, lower exposure settings, and strict immobilization to reduce
motion blur.

High-quality positioning reduces the need for repeat exposures. Techniques should prioritize
ALARA, and shielding must be adapted to body size and procedure type.

Some organizations (e.g., Image Gently®) provide pediatric-specific protocols and awareness
campaigns for best practices in radiation protection.

Radiation Regulations (NRC, OSHA)

The Nuclear Regulatory Commission (NRC) and Occupational Safety and Health
Administration (OSHA) enforce safety standards for radiation use in medical settings.

Occupational exposure limits are set at 50 mSv/year for whole-body exposure. For the
general public, the limit is 1 mSv/year.

Facilities must maintain policies for radiation safety training, protective equipment usage,
and incident reporting. Lead-lined walls, warning signage, and equipment QA are all required
compliance measures.
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Module 5: Digital Imaging Technology – Expanded

Digital Radiography (DR) Systems

Digital Radiography (DR) systems use flat-panel detectors to capture and digitize X-ray data
in real-time. These systems replace traditional film and computed radiography.

DR panels may be direct (converting X-rays directly into electrical signals) or indirect (using a
scintillator to convert X-rays into light first).

Advantages of DR include faster image acquisition, lower radiation doses, enhanced image
manipulation, and streamlined storage via PACS.

Computed Radiography (CR) Systems

CR systems use photostimulable phosphor plates inside cassettes, which are scanned by
laser to produce digital images.

While more flexible and cost-effective than DR, CR requires extra steps like plate reading and
erasing, which prolongs workflow time.

CR is gradually being phased out in favor of DR systems, but remains useful in mobile and
outpatient settings.

Image Post-processing Techniques

Post-processing enhances visualization of anatomy and pathology using algorithms such as
edge enhancement, smoothing, and histogram equalization.

Window width and level adjustments allow technologists to control contrast and brightness
after image acquisition.

Other tools include magnification, annotation, measurement tools, and stitching for scoliosis
full-spine views.

Image Archiving and PACS

Picture Archiving and Communication Systems (PACS) store and transmit images digitally
within a healthcare network.

DICOM (Digital Imaging and Communications in Medicine) is the standard file format that
ensures compatibility and integrity of image data.

PACS allows radiologists and physicians to access images remotely, reducing delays in
diagnosis and eliminating physical film handling.



Troubleshooting Image Artifacts

Artifacts are unwanted visual elements that interfere with diagnostic interpretation. Common
artifacts include motion blur, grid lines, underexposure, and digital dropouts.

Technologists must identify and correct causes such as detector malfunctions, incorrect
exposure settings, or patient movement.

Routine quality control and detector calibration help minimize artifact frequency and improve
image reliability.
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