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- 1

X-RAY FUNDAMENTALS: PART1 - Active space -----

Introduction :
Su:jmbo\s :

TreSoil: Radiakion Hozard X-roy radiotion hazord Seoled rodiotion source

Fother of Qadmo\oag : Wilhelm Ron’cgen (discovered x——rcu:js in 189S).
Interodtional Doy ot Radio'.oaﬂ : 8th November.

ElectroMagnetic (EM) Spectrum 00:13:10

Radio woves : micro woves * Infrared : L15h+= Ultroviolet : X=roys : Gamma. rays

e
Y

nMininum Frequenc5 ond energy Moximum
Properties of M spectrum : Properties of X-rays :
mass : Absent. Frequency : High.
velocity ¢ 3 x 10° m/s (Speed of light. energy : High.
Types of waves : Origin : extranuclear.
Transverse (Crest and troug. Wavelength : 0.01 4o Ionm.

anerglj content @ 100 eV 1o 100 KkeV.

Note :
I. Atomic jargons
Proton number | Neutron number Feoture
Isotopes Same Different Same element
lsotones Difterent Same Ditferent el;r:en’fs
Isobars Ditterent Diflerent Same atomic Mass number
Isomers | Same ofomic number and weight | Different/unique Atomic eneray

Radiology * v1.0 « Marrow 8.5 - 2026



2 - Fundamentals of Radiology

a. Tungsten OVE
* Transition metal : Component of X-roy tube.
® ptomic number ¢ 74,
¢ Atomic Mass number : 184,

Radiation Units 00:29:05

Radiotion exposed Roentgen Coulomb/kg (Charge/
weigh-t)
Rodiation absorbed | Radiation absorbed dose (RAD) aroy (6y)
Absorbed dose equivalent |  Radiation Equivalent in Man Sievert (5V)
Rem
Rodioactivity Curie Becquerel

Note

Radioactivity was discovered by Henri Becquerel.

Radiology * v1.0 - Marrow 8.5 « 2026




- 3

X-RAY FUNDAMENTALS : PART 2 - Active space -----

Radiation Effects 00:00:15

Determining Factors :
* Durodion
: of exposure to radiodion.
. '.nJcens\JcH

. Sensvcwi'cﬂ of tissues to radiodion.

Low of Radio-biclogy/Law of Bergonie and Tribondeau :
. . . salie.
e Jci\ﬁ’cﬂ e <<: mMoximum undiferentioted cells
Active mitosis.
most sensitive : Bone marrow > &IT » CNS/musculoskeletal SHSfem.

Acute Radiation Syndromes :

S:‘cages :

stoge | : Prodromoal (Minutes to hours — Nausea, vomiting, diarrhoea.
Stoge I\ : Latent (Hours to days).

Stage W ¢ manifest liness (Dags to weeks).
Stoge v : Reco\.'erﬂ/ deoth (Weeks to 5ears).

Sﬂndromes :

Acute hematological sundrome  feute & tract syndrome Acute CNS syndrome

Threshold dose -3 &y (Least) b-10 &Y 30 &y

" Panpgiopeci, Tl a' 1 Intracranial tension |
Manifestations | ¢ Hemorrhage - 2t * Diarrhoea — electrolyte ol -
* Circulatory co e
* Infection }De imbalance | 39 =P
Tgpe_g,:
Deterministic e Stochastic
* Acute radiation syndromes | ¢ Carcinogenesis
* Cotoroct * mutations/Chromosomal |
gxamples ) i
* Skin Damoge aberrations
* Sterility (&onadal damoge)
Onset Acute to suboacute Chronic/ Delayed .
Threshold dose Present Not determined

Radiology * v1.0 » Marrow 8.5 « 2026



4 - Fundamentals of Radiology

----- Active space -----

S {:‘;\. I-_- e R . S S P e ST 3
Determinictic ” stochastic
Non-linear with Threshold Linear with no threshold
dose dose
Risk—-Dose
sl ke tain @y [Twmshold Risk
relahonsh\p Rasa !
Dose Dose
Radiation Exposure 00:17:50
Principle of Radiation Sotety :

As Low As Reasonably Achievable (ALARA
while doing any X-ray based Ix (Eadiogmphi'c./ CT) ensure low exposure + Maintain

Hazord Levels :

Barium gnemoa. : In spite of hi_g'n OSure — ¥eh:j maintained due to lead
shield (Shie’lding of Bonads).

Radiology * v1.0 « Marrow 8.5 » 2026




X-Ray Fundamentals Part 2 -

----- Active space

Quidelines :

Intermadional Sujdelines ' Given buj Intermadional Commission on Er:xdiological
Protection (ICRP) § International Commission on Radiakion Units (1CRW

= Public exposure | Occupational exposure
i T | mSv/year l * 30 mSv/year or SO MSV in any I ur.
| * 4100 MSV in S years.
Annual Lens of eye IS M3V I[ ISO mSV ,
equivalent dose skin SO mSv : SO0 MmSV |
Pregnant femoales B < | M3V

Indion guidelines
* &iven by Atomic energy Requlatory Board (RERE).
* Same as international except occupoational exposure ¢ efSective dose of
30 MSV in any | year provided < 100MSV in S years.

Exposure Factors :
Adjustments done on X-ray console based on image requirement.
| Tube potential (TP Tube current (TC) |
unit | riovoltage Peak (kvp) | milli-Ampere second (MAS)

Number of photons in X-roy beam
(Film &lockening)

§ 1

To Measure i |
' | alw Bs o i
¢ lmage controst |

cothode and anode tubes

| |

i | Potential difference across
|

|

|

|

. ! * X Penetrotion :
Determines |, . I ) [
lmage contrast ‘

Thermoluminescent Dosimeter (TLD) Badge 00:37:26

Time duration : 2 monthe.
nppiico@don : To monitor ooc,upahonal rodiotion exposure.

Composition : Phogphor erugtale. !

e 'SP 3 D - A1005
* Lithium Fluoride LiP). Mr. S. Kumar
* |ithium Borote.

* Beryllium Oxide (Be0).

Radiology - v1.0 - Marrow 8.5 - 2026
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6 - Fundamentals of Radiology

----- Active space ----—- P\’inciple :
Radiotion 1 + Absorbed by crystal
exposure _J l,
excitation of electrons to higher energy levels
3 months i.
Tropped in same stote

 J
Tested by AeRe/ }— Heating of crustal
Renentech Labs i
glectrons move to lower energy levels.

;

emission of ligjt (Lost energu:p

‘

Determine quantity of radiation exposure.

Radiology « v1.0 - Marrow 8.5 » 2026
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X-RAY PRODUCTION AND INTERACTIONS - Active space ----

Atomic Structure 00:00:18

<hells around otom :

£och shell has a speci%c energy level.

glectrons (e7) :

{ v
Paired Unpaired (Free e : 2ero ener35)
Stoble otom ungtable atom

l (To stabilise atom)

e moves from outer
chell to inner shell

l Shells
e loses energy Structure of otom
Production of X-Ray 00:08:20
Structure of X-roy tube :
Ceromic Tube hOusi.nS

(more duroble) Lead lined —» Prevents radiotion leakage

vocuwm Oil bodh :

* glectrical nsulotor
* Heot d'ts&ipodtion

Large po’centiod
e

ditference

Cothode

;

Tungs’ren
(H‘Bh resistance)

Anode

‘

Tungsten + rhenium a]loﬂ

exit window

Radiology * v1.0 » Marrow 8.5 « 2026



8 - Fundamentals of Radiology

----- Active space -----

x—rag produc’don :

glectric current ’chrough —» Cothode filament —» Thermionic emission

cathode Sloment

38{5 heoted

l

X-roy produced «— € gets accelerated towards «— Cloud ot e’

ro’ca’cing anode plote ovound cathode

mechanisms of X-Roy production :
Continuous spectrum Charocteristic spectrum |
) Shifting of e” from !
mechanism Acceleration/decelerotion of e I
outer to inner shell j
Frequency of use 10-80% (M/C) 20-30% 5
AKA Bremsstrahlung/ ’

Additional points |

white bmh‘nr\q rodiotion.

used in mammogmphlj.

Interactions of X-Rays with Matter 00:19:27
Compton efSect (M/C) Photoelectric effect
i ArA mid enerquy phenomenon Low energy phenomenon
Interaction X-ray photon § outer shell e | X-ray photon § inner shell e
Outcome : T deviation of x-Ray

. lmage resolution
* Desired level

* ceatter radiotion |

more (] distortion)
Low
} efSect

Absent
Better
1 efSect

Other interactions (Not used) —» Coherent scattering, photodisintegradion,

poir produc’cion.

Radiology * v1.0 * Marrow 8.5 « 2026



CT BASICS

Introduction :
Sir godfrey Hounshield ¢
* Founding fodher of CT technology.
* Invented I generodion CT scanner : &,
* Awarded nobel prize along with Allan Cormack in 1979,

TomoBro.phtj : modal‘ﬁcﬁ of Producing cross-sectional images ot bodﬂ.

gquipment Tomogmphl.j machine + Computer.
walls
* Lined by lead — Prevent leakoge of radiotion.
* Thickness :
- Lead : //Ib" inch,
- Concrete : 4-b inches.

@qsi_c___Principle :
The internal structure of an okgect con be reconstructed from mthple pro_jec.’cions
of thot object.

Hounsfield unit/CT value Scale :

* nNurmericol volue of tissues on CT scon.

ux . Mmter
HU.X= 000 X —n—

wiaker

HU : Hounsfield unit of tissue

U : Linear attenuadion coefSicient

* |t is determined bB electron densi’c}j (Properkﬂ of tissue de’cermining

appearance on CT scan).
* volues:

Air Woter Bone

- 1000 o} + 1000
I | | | | | ®

©| ] | ; | |

Less dense — 800 - 100 + 45 t0 + S more dense
Lungs Fot fAcute hemrrhaae

Radiology * v1.0 - Marrow 8.5 - 2026
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10 - Fundamentals of Radiology

----- Active space ----- US G BAS I C S

Introduction to Ultrasonography 00:00:38

Importont historical detals :
®* Pierre Curie : Discovered piezoelec’cric&g. moni’cor—-

* Karl Dussik : First to oftempt head imaging using USE. ek

* John wild : Father of medical usa. el ————— - |

* lan Donald : Fother of obstetric use, Probe ————> S e
Ultrasound wowves : Constle ™ e

* Ultrasound : Sound beam with high frequency,
* Uttrasound frequency used in diagnostic imaging :

ARNRREER
71 MH2. - -
usg machine
”Ofe [* ultrasonic ¢ 730,000 Hz.
Frequency volues Audible range : 40-30,000 He.
- INfrasonic : <80 Hz.
Probes 00:06:54

Princ'tp\e :

|
Frequencﬂ of utrocound Wove &« -
Penetration of wove

Tﬂpes :
. Pencil probe :

uges *
. Trans-eranial Doppler (TC) : Vaseular imaging of brain.
a. Trans—cranial color scans (TCLS/duplex scans).

a. Convex/curvilinear probe m/C used.
S, use :
* Abdomen § pelvic us&.

* Obstetric UsE, umbilical ar’rertj.
* Obstetric doppler studies : Blood Slow evaluation in —» Fetal MCA.

FREQUENCY : 3.5 - 5 MHz = Uterine Mfer‘lj

Radiology - v1.0 « Marrow 8.5 » 2026



USG Basics - 11

3.Linear probe: Active space -----

Flot L3
surfoce

use : Smoall part imaging of

* Neck, thyroid, breast, serotum, joints.

* swelling on body surface (eg, : Lipoma, gangion cysts).
* Peripheral vascular dopplers.

4, endoluminal pro'oe :

use
1 e Tmnsx.faginoJ sonoBmPhg probe.
* Tronsrectal UsSE for prostote imaging,

L &ndoscopic uklrosound probes.

* endovascular probes.
S. usm probe :
use *

* Ultrosound biomicroscopg ot the eye: For ophthalmic
imo.ging.

o - Piezoelectric crﬁs%ais.

Internol structure of USE Probe : (m/c : Lead-zirconade titanote)

glectric

current
Biological Effects of Ultrasound 00:32:18
Thermal e¥tects :
mechanism :

60013 tissues attenuote Block) some ultrasound woves

gnergy of attenuated waves absorbed b\:) tissues

i

Heods up tissues Therapeutic applicotion — Thermal ablation of fumors
Thermal index :

_ Power of ultrasound produced from probe
~ Power required to increase tissue temperature by 1°C

= <ot tissue ¢ Tl o
Lspone i

Thermal index for -

Radiology * v1.0 « Marrow 8.5 + 2026
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12 Fundamentals of Radiology

mechanical effects :
mMechanism : Alternating change in pressures compressions § rarefactions
Sudden rarefaction exparzs'uon ok air—fluid interface.
€. : Lungs, bowel loops

L |
Tissue damage (microcovitation)

mechanical index : 4.9 to prevent p'ngsic.od damage.

§P_e£@ A_pplications of Ultrasound 00:36:40

H Elasfograph5=
* To determine elasticity/hardness of tissues.
[ Strain eias’togmphtj + Nanual application
* Types:— of pressure.
Ly Shear wave elastogrophy : Pressure
applied through the ultrasound beam.

malignancies (Hard) : Appears dark

Normal tissues (Sofb : Appears light

Color map
a. High Intensity Focused Ultrasound (HIFW) :
* Focused thermal abladion technique.

> Liver metastasis.
* uses : Treotment of —w uterine Rbroids.
? »Breast lesions.
3. Contrast enhanced ultrasound : Uses microbubbles.
4. Spofio—temporal image correlotion (STIC : 3D cardiac
imaging of fetus.
S. A mode of ultrasound :
* Special mode used for the eye * A scan.

* @roph represents various surfaces re%\ec%ing the

sound beam.

Radiology + v1.0 « Marrow 8.5 + 2026
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M RI BAS IC S ----- Active space -----

Magnetic Resonance Imaging (MRI) 00:01:00

vistory

Felix Bloch : Discovered nuclear magnetic resonance (NPR).

* nNucleus behaves like a. moanet and has a. magnetic field.
a9 o)

Ragmond Darmadion :
* Produced I* NMR image % rot fumor).
* Produced I MR) image of human body (using the I* superconducting NMR

sconnen).
Poul Lauterbur : Developed an Jromogmphic MR imoge.

Peter mansfield : Developed I image of human ’nger using field gradient Lor slice
selection.

Basic Principle :
Exljromagneﬁc Properhj of hﬂdrogen nucleus.
Contraindications :
Absolute €/ ¢ Interference/efSect of magnetic field —» Fatal consequences.
. Metallic Rlore'\gn boda in eye.
a.Cardiac pocemaler.
3. Cochlear implants.
4. Ferromognetic hemostoadtic CNS aneurysm clips.

Relative /| :
. Claustrophobia. : Fear of closed spaces.
a. Insulin pumps.
2, Nerve stimulotors.
4. Prosthetic heart valves (Before formation of granulation tissue).
S. I 4rimester of pregnancy (Speculated thot noise of MRI moy couse future
hearing impairment)
b. gpidural cotheters

Radiology * v1.0 - Marrow 8.5 « 2026



14 . Fundamentals of Radiology

* Fixaors ——» external (8g, : K-wire) : c/\ Sor MRl
L Intermal (S%eel/ﬁ’tomium) : Safe for MR,

. ﬂngiopiashj stent :
Formadion of granulation tissue over stent (b-8 weeks post-placement)

:

Imnobilisodion of stent
|
¥
Sofe for mr|

* Anterior cruciate ligament (ACL serew :
mMagnetic but implanted deep within bone (immobile) —» Safe for Ml

Farqdqﬁ’s Coge :
Prevents action/interference of MRI mognet
on outside devices § vice-versa : Shielding,

wooden panels
wrapped with
copper wires

Famdag’s coge

Radiology * v1.0 » Marrow 8.5 - 2026



