Radiation principles (notes)
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(Wl Lucent vs Lytic — Are they the same?

« Lucent lesion: General term for any area in bone that appears darker on X-ray than
normal bone (because it absorbs less X-ray).

« Lytic lesion: A type of lucent lesion where there is actual bone destruction. It's usually
pathological.

. So: All lytic lesions are lucent, but not all lucent areas are lytic.

&2 Why do they appear dark?
+ X-rays pass more easily through areas with less mineralized bone.
« Causes of lucency:

+ Bone loss (osteoporosis)

- Bone replaced by tumor

« Infection

k&l Radiologic appearance

@ Lytic lesion
« Focal well-defined or ill-defined dark area in the bone
- Can have cortical thinning or expansion

+ May show “moth-eaten” or “geographic” patterns

Examples:
+ Multiple myeloma = “punched-out” lytic lesions
V. Metastatic cancer - variable lytic lesions

. Osteomyelitis = lytic area with irregular borders

@ Lucent lesion (general)
« Could just be a simple radiolucent cyst or area of bone thinning
#. Not necessarily aggressive

- Example: Bone cyst, fibrous dysplasia
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) Key features to describe in radiology

1. Size & shape - round, oval, irregular

2. Borders - well-defined (benign) vs ill-defined (aggressive)

3. Effect on cortex - intact, thinned, ez&c{ed, broken

4. Matrix - calcified or not

5. Number & location — single vs multiple, metaphysis vs diaphysis

Quick tip for exams:

- Lucent = dark on X-ray

+ Lytic = destructive dark lesion, usually pathological

# Jonsiby o ots o y-reayy.

W Black (Radiolucent)

What it means:

« The area appears black because X-rays pass through it easily
« Very low density

« Low atomic number

Why black?
« Aimost no absorption of X-rays

+ Most photons reach the detector

Examples:
« Air (lungs, bowel gas)
« Pneumothorax

« Emphysema

o Air is the most radiolucent structure on X-ray.

) Gray (Soft tissue density)

What it means:

« Partial absorption of X-rays
« Intermediate density

Why gray?

« Some X-rays are absorbed
+ Some pass through
Examples:

« Muscles

« Liver, spleen, kidneys

« Blood and fluids

« Soft tissue masses

o Iost abdominal organs appear gray and averlap in density.

&) White {(Radiopaque)

What it means:

« The area appears white because it absorbs or blocks X-rays
« Very high density

« High atomic number

Why white?

- X-rays are absorbed - few photons reach the detector
Examples:

« Bone [caicium)

« Metal (prosthesis, bullets)

- Contrast media [barium, jodine)

- Calcifications

« Bane is white because calclum strongly attenuates X-sys.

Fat vs Soft tissue (important nuance)
+ Fat - darker gray
« Soft tissue / fluid - lighter gray

That's why:
« Fat planes help us outline organs

+ Loss of fat planes suggests inflammation or mass

The Density Rule (High-yield for exams)
From darkest to brightest:

Air = Fat - Soft tissue - Bone - Metal
v v — = Cd
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(i) Black - Hypodense
Meaning:
« Very low density

+ Low attenuation of X-rays

Why black?
« X-rays pass easily - minimal absorption

Examples:
- Air {lungs, bowe! gas)

+ Pneumothorax

o Air is the most hypodense structure.

&) Dark Gray ~ Fat density

Meaning:

« Low density, but not as low as air

Why dark gray?

HU (apprex.)
ﬂ)
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« Fat attenuates X-rays more than air, less than water

Examples:
+ Subcutaneous fat

- Retroperitoneal fat

o Fat planes help define organ borders.
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&) Gray - Water [ Fluid density

Meaning:
« Density around 0 HU

Why gray?

(" Balanced absorptiorhand transmission

R ————
Examples:

. CSF

- Urine

« Simple cysts

- Edema

o Simple fluid = water density.

L Light Gray - Soft tissue (Isodense)

Meaning:

- Moderate density
Why light gray?

- Partial attenuation
Examples:

- Liver, spleen

« Muscle

- Blood (non-contrast)

o Many organs look similak > called isodensé\

&) White — Hyperdense

Meaning:
« High density

« Strong attenuation

Why white?
« X-rays absorbed strongly

Examples:

- Bone

- Acute hemorrhage
- Calcifications

- Contrast (iodine)

o Fresh blood is hyperdense on non-contrast CT. >

Important CT terms (Examgold )
- Hypodense - darker than surrounding tissue
- Hyperdense - brighter than surrounding tissue

. - same density as ding tissue

o These terms are CT terms, not X-ray terms.

CT vs X-ray (quick compare)

Feature X-ray CcT

Density description Opaque / Lucent Hyper [ Hypo | Iso
Measurement Qualitative Quantitative (HU)
Image 20 Cross-sectional
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What is MRI?

ce (MRI) is an imaging modality that:

+ Does not use ionizing radiation

« Uses a strong magnetic field and radiofrequency (RF) pulses

(H") in the body

+ Isbased onthe b

ior of hydrogen pr

*

Why hydrogen (H*)?
- Hydrogen is abundant in the body (water and fat)

« Each hydrogen atom has one proton

« Protons have a mag 50 they resp well to mag

What happens inside the MRI scanner?

@) Main magnetic field (B,)

+ The strong magnetic field causes hydrogen protons to align:

- Parallel
- Anti-parallel

+ This creates a net magnetization vector

&) RF pulse (Excitation)
« An RF pulse is applied
+ Protons absorb energy and change their alignment

+ They move into an excited state

&) Relaxation (Signal generation)
+ When the RF pulse stops:
- Protons return to their original state
- They release energy as a signal

+ The MRI system detects this signal and creates the image

There are two main types of relaxaﬁon\
Tland T2

T1 Relaxation (Longitudinal relaxation)

&
- Refers mrﬂﬂm the direction of the

C - Tissues that recover faster appear bright

T1-weighted images:
« Fat - bright
« Water | CSF = dark

Uses:
« Anatomical detail

- Post-contrast imaging (gadolinium)

« Mnemonic: T1 = Fat is bright

ic fields

T2 Relaxation (Transverse relaxation)

#
« Refers t& loss of phase‘coherence between protons
- Tissues that retain signal longer appear bright
T2-weighted images:
- Water | edema - bright

- Fat = less bright

Uses:
- Pathology detection

« Edema, inflammation, tumors

<@ Mnemonic: T2 = Water is bright

T1 vs T2 (Quick comparison)

Feature m T2

Water Dark Bright

Fat Bright Gray [ mildly bright
Best for Anatomy Pathology

How does H* affect image intensity?

Signal intensity depends on:
+ Hydrogen proton density
+ T1and T2 relaxation times

+ The molecular environment (water, fat, proteins)

Important note

That's why we describe MRl findings as:
- Hyperintense
« Hypointense

- Isointense

ic field (Bo)
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What is Ultrasound (US)?

Ultrasound is an imaging modality that:
+ Uses high-frequency sound waves
- Does not use ionizing radiation

- Produces real-time images

Because it is very safe, it is widely used in:
+ Pregnancy
- Pediatrics

- Bedside and emergency settings

Ultrasound artifacts (High-yield)

@ Posterior acoustic enhancement
- Seen behind fluid-filled structures

- Due to minimal attenuation of sound

% Acoustic shadowing
+ Seen behind bone or calculi

+ Due to strong absorption or reflection of sound

Clinical uses of Ultrasound

- Abdominal imaging: liver, gallbladder (stones), kidneys
+ Pelvic imaging: uterus, ovaries, pregnancy

- Pediatrics: pyloric stenosis, intussusception

- Vascular imaging: Doppler studies

- Procedures: biopsies, central line insertion

How does Ultrasound work?

& The transducer (probe)
- Contains piezoelectric crystals
« When electrical energy is applied:
« The crystals emit ultrasound waves
« When reflected waves return:

- The crystals convert them back into electrical signals

These signals are processed to form an image.

& Interaction of sound waves with tissues

Ultrasound waves may:
- Reflect -~
« Refract ~
- Scatter v~

+ Be absorbed «~
The image depends on:
- Time of return of the echoes

« Strength of the reflected signal

Doppler Ultrasound
+ Used to assess blood flow
- Measures:
+ Direction
- Velocity
« Commonly used in:
- Deep vein thrombosis (DVT)

« Carotid artery disease

|l Bone appears hyperechoic (very bright / white)

Why?
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[ Posterior acoustic shadow

Why?
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Why do tissues look different on ultrasound?

This depends on acoustic impedance, which is related to:
- Tissue density
+ Speed of sound within the tissue

A greater difference in acoustic impedance between tissues results in stronger
reflection

Echogenicity (Key concept)

Term Appearance Example
Ancchoic slack Eidyorst
Hypoechoic Da_rklay M

Isoechoic Same as surrounding tissue Normal organs
Hyperechoic White Bone, stones

' Fluid produces no echoes and therefore appears black.

Advantages of Ultrasound
+ No radiation

+ Low cost

+ Portable

+ Real-time imaging

+ Safe in pregnancy and children

Limitations

+ Operator dependent

« Poor penetration through:
- Bone
« Air (lungs, bowel gas)

- Reduced image quality in obese patients
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APO anterior part of the body is closer to the tube »
>, in oblique position

5% PAO posterior part of the body is closer to the »
tube in oblique position
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#"" Lateromedial: from the lateral part to the medial »
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\ chest radiography is preferred

(1)

thest ppA — olnc to hearl nrmj adrear ‘“’}fﬁp“‘“ notmal N why ?

Less magnification of the heart.
»Check el Clavicle nol Cover le apex of te lung

More lung fields are visualized.

® The PA projects the scapula away from the
lung fields. >

® The apices of the lungs are closer to the film
* DMIFV\S .pull 'Y\«SP) | on . '2; i:::;;" in the PA and appear more clear,
ol
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On expiration film:
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Before reading the x-ray film, t
following should be checked:

- name, age, sex and date. |
- clinical information.

2 Tommlcc‘! fﬂ,IO?b
- markers
centermg ( patient posmon).
- degree of inspiration.
_= exposure (penetration).
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« Unilateral: may be asymptomatic, mild
dyspnea

- Bilateral: severe dyspnea, orthopnea

« Paradoxical movement: diaphragm
moves upwards during inspiration
(instead of down)
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~ Decubitus
position

Lying down,
specifically according
to the part of the body

resting on a flat

Surface, as in left or (-“"““J(Q-’\JaJ [+« q_u_bd—ﬂfb\_ﬁf

w%ﬁﬁeml decubitus, M&L@ k}
or dorsal or ventral -

decubitus
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Decubitus Positions

¢ Ventral decubitus

|
- patient is prone & a horizontal B
beam is used &

¢ Dorsal decubitus L0

- patient is supine & a horizontal }
beam is used

¢ Left Iateral decubitus

— patient lying on the left lateral ‘
side & a horizontal beam is
used




