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Instructions

e - Notes are to be used in conjunction with Marrow videos.

Please note:

e The information in this book has been printed based on the transcript of the Marrow videos.
This book has to be used in conjunction with the Marrow videos and not as a standalone
material.

¢ The information contained in this book is for educational purposes only. The content provided is
not intended to substitute for professional medical advice, diagnosis or treatment.

e This book cannot be sold separately. It has been made available to only select eligible users who
have an active subscription to Marrow videos.

e The text, images, slides, and other materials used in this book have been contributed by the
faculty, who are subject matter experts. We have merely reproduced them as video transcripts in
this book.

e The notes have been consciously designed in a way that is concise and revisable. To ensure this,
we have intentionally added only the most relevant modules and images that are needed for you.

e Reasonable care has been taken to ensure the accuracy of the information provided in this book.

Neither the faculty nor Marrow takes any responsibility for any liability or damages resulting from
applying the information provided in this book.

All Rights Reserved

No part of this publication shall be reproduced, copied, transmitted, adapted, modified or stored in any form or
by any means, electronic, photocopying, recording or otherwise.

©Marrow

// ME821-PPL
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X-RAY FUNDAMENTALS : PART 1

INTRODUCTION

WY
&

CAUTION X—RAY_‘

Trefoil: Radiotion Hazoxrd X-roy radiotion hazord Sealed radiotion source

Fother of Qad'\oloatj : Wilhelm Qoen‘cgen (discovered X—raﬂs in 189S),
Internaodional Doy ot Qadio!ogﬂ : 8th November.,

Electro Magnetic (EM) Spectrum 00:13:10

Rodio woves : micro woves : Infrared : Lighh Ultraviolet : x—raﬂs P Gammao rays

.

y

MininnuM Frequency and energy Moximum
Properties of em spectrum : Properties o% x-raﬂs -
mMass : Absent. Frequency : High.

velocity : 3 x 10° m/s (Speed of ligh®. energy : High.
Types of waves : Transverse (Crest and Origin : extranuclear.
trough. Wavelength : 0.0l to 1onm.
energy content : 100 eV to 100 Kev.

Note :
l. Atomic jorgons :
Proton number | Neutron number 5 Feature
Isotopes Same Different Same element
Isotones Different Same Different elements
Isobars Different Different Same atomic Mass number
Isomers | Same atomic number and weight | Different/unique Atomic enerqy
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2 Fundamentals of Radiclogy

3. Tungsten (W) :
* Transition metal : Component of X-roy tube.
* ptomic number ¢ 74,
* ptomic Mass number : 184,

Radiation Units 00:29:05

iy L

Radiation exposed Roentgen Coulomb/kg (Charge/
weight)
Radiation absorbed | Radiokion absorbed dose (RAD) aray (6w
fAbsorbed dose equivalent | Radiotion quivalent in Man Sievert (SV)
Remy
Rodiooctivitu Curie gecquerel

Note : Radioactivity woas discovered by Henri Becouerel.
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X-RAY FUNDAMENTALS : PART2 - Active space -----

Radiation effects 00:00:15

Determining factors :
* Durodion
. \n’censihj
. Sensi’civ‘wﬂ of tissues to radiotion.

} of exposure to radiation.

Low of radio—-biolosa/ Low of Bergonie and Tribondeau :

Radiosensitivity o Tissues with <7 M oXMum unditterentiated cells,
Active mitosis.
most sensitive : Bone marrow » &IT > CS/musculoskeletal system.

Acute radiation syndromes :

S‘cages :

Stage 1 Prodromal (Minutes to hours —> Nausea, vomiting, diarrhoeo).
Stage I\ : Latent (Hours to daye).

Stoge Il - Manifest lliness (Days o weeks).

Stage IV : Recovery/death (Weeks to years).

Sﬂndromes :

Threshold dose -3 &y (Least) 30 ey
* Pancytopenio * mMalaise
< * 1 Intracranial tension
mManifestotions | Hemorrhage * Diarrhoea — glectrolyte ot s o
reulotory co
* Infection }De"&” imbalance : s

ER e RSN R

Acute radiotion sgwdromes L ('Arcinosenesis
* Cotaroct * mutations/Chromosomal
examples : .
® SKkin Damage aberrations
* Sterility (&onadal domage)
Onset Acute to subacute Chronic/Delayed
Threshold dose Present Not determined

Radiology * v1.0 « Marrow 8.0 » 2024



Fundamentals of Radiology

Deterministic <tochostic
Non-lineor with Threshold Linear with no threshold
dose dose
Risk-Dose
relationship gy |THeSioEL RisK
Dose
Dose Dose
Radiation Exposure 00:17:50
Principle of Radiation So&etg

As Low As Reasonably Achievable (ALnQn)
while doing any X-ray based Ix (Qad\ogmphic/ CT) ensure low exposure + Maintain

Quality,

Hozard Levels :

] v axs &
cT/PeT/radionuclide 2 jloeadoy
exposure) e
35
7
Intravenous Urogrom -
Diagnostic garium meal follow through -
Warning | procedures (multiple Barium Meaol ' =
exposwre) Barium Swallow =
m' 1 H
icturating Cystourethrography (mew e
10C for Vesico-uUreteric Reflux

Barium gnema : Inspite of h'\Sh exposure —> Soé?e’clj maintained due to lead shield
(shielding of Sonao\s).

Radiology - v1.0 » Marrow 8.0 « 2024




X-Ray Fundamentals Part 2 5

e T PRt EC IO L s T Active space ---=-

Intermadtional 3udclehnes ¢ Given bﬂ International Commission on Qadiological
Protection (ICRP) § International Commission on Radiotion Units (1CRW

e ImSv/year | * 30 mSv/year or SO MSV in any I yr.
* <100 mSV in S years.
Annual Lens of eye IS M3V ISO MSV
equivalent dose skin SO MSV SO0 M3V
Pregnant females <1 mSv

Indian quidelines : &iven by Atomic gnergy Regulatory Board (peRre).
Same as international except ocCupadtional exposure — effective dose of
20 M3V in any | year proVided £100Mm3Vin S Years.

exposure Factors :
Adjustments done on X-ray console based on image requirement.

unit Kilovoltage Peak (kvp) milli-Ampere second (MAS)
Potential difference across | Number of photons in X-roy beam
To Measure
cathode and anode tubes (Fim elackening)
® X Penetrotion * X Image contrast

Determines |, I
\mage contrast

Thermoluminescent Dosimeter (TLD) Badge 00:37:26

Time duration : 2 months.

0%

Apphca’cion : To monitor occupa‘donal radiotion exposure.

{ID - A1005
- §Mr. S. Kumar
| | AprilJune2023

Composition : Phosphor crgs’cods.
* Lithium Fluoride ULiP).
* Lithium &orate.
* eeryllium Oxide (Be0).
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6 Fundamentals of Radiology

----- Active space ----- PT\\’\C\P\Q 5 T
o
Rodiokion .( —— b}j cragmd
exposure |
| A
excitodion of electrons to higher energy levels
3 months ‘L
1 Trapped in same stote
Tested by aere/ |

Heoding of crystol
Renentech Labs J 9 [ J
' \]

glectrons move to lower energy levels.

)

emission of ligjt (Lot energtj)

.

Determine quantity of radiotion exposure.

Radiology * v1.0 * Marrow 8.0 - 2024
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X-RAY PRODUCTION AND INTERACTIONS . Active space -----

Atomic structure 00:00:18

Shells around otom :
goch shell hos o SPec\%c energy level.

glectrons () ¢

v ¥

Paired unpaired (Free e : 2ero ener%)

; :

Stoble otom unstable atom
l (To stabilise otomy)

e~ moves from outer
shell to inner shell

l Shells
e loses energg Structure of atom
Production of X-ray 00:08:20
Structure of X-roy tube :
Ceramic Tube hOusinS
(more durable) Lead lined —» Prevents roadiotion leakage

Vocuum

Oil both :
° glectrical insulotor
®* Heot dissipa’don

Large po‘cen‘dod

€

ditference

Cod"Iode Anode
Tunagten exit window l

Tunosten + rheni allo
(High resistonce) 9 enium alloy

x—mﬂ beom

Radiology + v1.0 - Marrow 8.0 - 2024



Fundamentals of Radiology

x—ra5 produc’c'\on :

glectric current ’chrOugh —» Codhode flament —» Thermionic emission

cothode flament

Se’cs heated

l

X-roy produced <— €~ gets oacceleroted towards <«— Cloud of €

mMechanism

ro’ca’cing anode p\a’ce

Acceleration/deceleration of e

avound cothode

shi%ng of e from
outer to inner shell

Frequency of use

10-80% (/¢

30-20%

pdAditional points

AnA 6remss’crah\un8/

white breaking radiotion.

used in mammograph5.

Interactions of X-rays with matter

00:19:27

Low energy phenomenon

ArA mid energy phenomenon
Interaction X-ray photon § outer shell €™ | X-ray photon § inner shell e
Outcome T deviation of x-Ray

° Scatter radiokion more (] distortion) Absent
° Imoge resolution Low Better
* Desired level | efSect 1 efSect

Note :

Other interactions (Not used) —» Coherent scottering, photodisintegration,

pair produc‘don.

Radiology * v1.0 - Marrow 8.0 - 2024



CT BASICS

Introduction :

Sir godfrey Hounstield :
* Founding father of CT technology.
* Invented I generation CT scanner : em.
* Awarded nobel prize along with Allan Cormack in 1979.

T omogmphﬂ : mododikﬂ of producing cross—sectional images of bodg.
CT Room :

gquipment : Tomography machine + Computer.
walls :
* Lined by lead — Prevent leakage of radiation.
* Thickness :
- Lead: I/I"™ inch.
- Concrete : 4-( inches.

Basic Pr'mciple :
The intermal structure of an okgjec’c con be reconstructed from multiple projections
of thot object.

Hounsfield unit/CT value scale :
* Numerical value of tissues on CT scan.

? ux . lJ‘uuo&e,r
Hux‘-'— 1000 X & =

water

HU : Hounsfield unit of tissue
U : Linear attenuadtion co-efSicient

* |t is determined b5 electron densi’rﬂ (Proper’cB of tissue determining
appearance on CT scar.

* Vaolues :
nir Wadter Bone
- 1000 : , Cl) ; * I(I)OO
© : 1 1 1 1 il ®
Less dense — 800 - 100 + 4S 40 + 6S more dense
Lungs Fot Acute hemorrhage

Radiology * v1.0 + Marrow 8.0 - 2024
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10 - Fundamentals of Radiology

FREQUENCY : 3.5~ 5 MHz

FREQUENCY : 1- 2 MHz

USG BASICS

Introduction to Ultrasonography 00:00:38

\mpor’can‘c historical details ¢
* Pierre Curie : Discovered p\ezoelec’cr'\cﬂﬂ. nonitor ——-

* Korl Dussik : First to a’c{emp’c head \mag'mg us'\ng use,
* John wild : Fother of medical USG,. cel
* lan Donald : Fadher of obstetric usé. Probe

console —

Ultrasound wawves : P
* Ultrasound : Sound beam with high $frequency, peeee
* Ultrasound $requency used in diagnostic imaging : 71 megotz. fREosssTEs.
o E B
Ultrasonic : 30,000 Hz. e i
Note : Frequency values Audible range : 40-30,000 Hz.

Infrasonic : <30 Hz.

Probes 00:06:54

Principle :
\ \P :

Frequency of ultrasound wove
Penetration of wave

T\ljpes :
. Pencil probe :
uses :
. Trans—cranial Doppler (Te : vaseulor imnoging of brain.
3. Trans-cranial color scans (TCCS/duplex scans).

a. Convex/curvilinear probe : m/C used.

S use :

* Abdomen g pelvic USS, »
* Obstetric Us&. fumb\\'\cod our’cerg.
* Obstetric doppler studies : Blood Sow evoaluation in E\:etoj MCA.

uterine our’cerg.

Radiology * v1.0 - Marrow 8.0 - 2024



USG Basics - 11

2. Linear probe ol 0T e e e B T L S A AT I SR I e Y Active space -----
Fot __ =8

use : Small part imaaging of
surfoce P g

* Neck, ’chijroid, breast, serotum, joints.
* Swelling on body surface (g, : Lipoma, gangjion cysts).

* Peripheral vascular dopplers.

4, endoluminal probe :

use
1 s Trcmsmginod sonograth probe.
* Tronsrectal usg for prostote imaging,

* Tee (Trans—esophaseod echocardiographﬂ) : To evaluote pros’che’cic valves.

e &ndoscopic ultrasound probes.
* endovasculayr probes.

S. ugMm probe :

use :
* Ultrasound biomicroscop5 ot the eye: For oph’chodmic

'\maging.

gl
Piezoelectric crgs’cods

Internal structure of usq Probe : (/¢ : Lead-zirconate titanote)

glectric

current
Biological Effects of Ultrasound 00:14:13
Thermal e$Sects :
mechanism :

Body tissues attenuate @lock) some ultrasound waves

energy of attenuated waves absorbed by tissues

Heats up tissues : Therapeutic application —» Thermal ablation of tumors
Thermal index :

Power of ultrasound produced $rom probe
= : . : 5
Power required to increase tissue temperature by 1”C

Sott tissue : T1.
Thermal index for { : S
Bone : T\e.

Radiology - v1.0 « Marrow 8.0 - 2024



12 - Fundamentals of Radiology

mechanical efSects :

mMechanism * Alternading change in pressures compressions 5 rarefactions

sudden rarefaction expansion o air—Sluid interface.
€0, ¢ Lungs, bowel loops

Tissue damage (microcavitation)
mechanical index : 0.9 to pre\/en’t phﬂsicoJ damage.

Special Applications of Ultrasound 00:18:38

I ‘a\as’cogmphﬂ :
* To determine elasticity/hardness of tissues.
Strain e\as’(ographg : Manual applicodion
* Types: of pressure.
Shear wave e\as’cogmphg : Pressure
applied ‘chmugh the ultrasound beom.
a. High Intensity Focused Ultrasound. (HIFW) :
* Focused thermal ablotion fechnique.
> Liver metostasis.
* Uges : Treokment of —+ Uterine fbroids.
Breast lesions.

Malignancies (Hoxd) : Appears dark

Normal tissues (So%0 : Appears ligjt

Color mop
3, Controst enhanced ultrosound : Uses microbubbles.

4, Spoec\o—’cempoml '\maae correlation (STIC) : 2D cardiac

imaging of fetus.
S. A mode of ultrasound :
* Special mode used for the eye : A scon.

* @roph represents various surfaces re%echng the

sound beam.

Radiology * v1.0 - Marrow 8.0 « 2024



MRI BASICS

Magnetic Resonance Imaging (MRI) 00:01:00

His’cor5 :

Felix Bloch : Discovered nucleor magnetic resonance (NmR).
* Nucleus behaves like a magnet and has a magnetic feld.

mgmond Domoadion :
* Produced I NMR imoge ©*2 rok tumor).
* Produced I MRI image of human body (using the I superconducting NMR

scannen).
Poul Lauterbur : De\/eloped an ’comogmphic mR image.

Peter Mansheld : Developed = image of human ?\r\ger using feld gradient for slice
selection.

Basic principle :
G\Bromagne’cic proper‘ry of hgdrogen nucleus.

Contraindicotions :

Absolute C/1 : Interference/efSect of magnetic feld —» Fatal consequences.
.. metallic foreign body in eye.
a. Cardiac pacemaker.
3. Cochlear implants.
4. Ferromagnetic hemostatic CNS aneurysm clips.

Relotive C/1 :
. Claustrophobio. : Fear of closed spaces.
a. Insulin pumps.
2. Nerve stimulotors.,
4. Prosthetic heart volves (@efore formation of granulation tissue).
S. I* trimester of pregnancy (Speculated that noise 0% MR moy couse future
hearing impairment)

Note :
* Fixators t external (&3. : K-wire) : ¢/ Sor MRl
Internal (Steel/titanium) : Safe Sor MR

Radiology « v1.0 » Marrow 8.0 - 2024
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14 - Fundamentals of Radiology

® F\ng'\oplas{y stent :
Formadion of granulation tissue over stent (b-8 weeks pos’c—p\acemen‘c)

.

Immobilisodion of stent

:

<ofe for mRr)

* Anterior cruciate ligament (rcL) serew
magnetic but implanted deep within bone Gmmobile) —» Safe for mRI.

Famdag’s cage :
Prevents action/interference of MRI magnet
on outside devices § vice-versa : Shielding,

wooden pane\s
uompped with
copper wires

Faradqtj’s coge

Radiology * v1.0 » Marrow 8.0 » 2024



Introduction

CONTRAST MEDIA

15

00:00:25

Definition :

Contrast media. is an agen’c used to enhance appearance of organ/ tissue in bodg.

Plain chest x—rag

Barium enhanced

‘&sophagus

Plain X-roy obdomen :

controst s’md5
Controst media ¢ posed on Rad'\ologicod modalities
{
Y v v
X—rag/CT scon usSE mf\
® Barium Stabilised Microbubbles gadolinium (@d) : m/c
* lodine

X-ray/CT Contrast

Hgdronephrosis
Opacification
of renal
pel\/icodgceal
355’rem

enhanced contrast Studﬂ

00:05:00

TYPES :

Positive Contrast

elock/odtenuate more X-roy
compared to adjocent tissues

Appears white (Similar to bone)

Bovrium
lodine

Megoenve Controst

CeCT abdomen

elock/odtenuate less x—roujs
compoured to a;gacen’c tissues

!

Appears Black

Air

Wodker

Mannitol Hﬂperosmw i
Drows water into Su’c lumen.

Note : Double contrast : Barium enema. (Infusion of barium Sollowed by ain).

Radiology « v1.0 - Marrow 8.0 - 2024
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Fundamentals of Radiology

BARILM :
Atomic number : Se.

Dosage form : H'\gh/ low densi’cg borium swphoece suspension (nsoluble in woter).

Advantoges :

Inert compound (nside bowel lumery :
* No irritation/damage o mucoso.
* Does not interfere with digestion.
* Does not get absorbed,

Contro. indicotions :

Absolute : Perforation (Causes severe chemical peri’con\’c‘\s).

Relodive :
* gmall bowel obstruction (580).
* Hﬂpersensi’d\/i’c&
* Recto-vaginal/vesico-vaginal fistula.

* Left sided colonic obstruction : excessive stasis —s Borium converts into

Lecoliths.

r-\pphca’dons :
powel studies.

D Bovrium swallow :

To evoluote :
. Orophourgnx.
* esophagus.
* Goastro-esophageal
Jjunction.

2) Barium meal follow through :
To evaluote : Small bowel.

of jejunal loop,

Feotureless

Feod'herg appearance

appearance ot lleum
(n central abdomen)

Q) Barium meal :

To evoluote :
* <tomach.
® Proximal

duodenuml.

4) Boxium enema. *
To evoluote : Large bowel.
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