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X’RAY FUNDAMENTALS : PART 1 ----- Active space -----

INTRODUCTION

35mbo|s :

CAUTION X-RAY

Trefoil: Qadiaﬁéﬁ Hozor S X-roy radiation hozard Sealed radiotion source

Father of Radiology : Wilhelm Roentgen (Discovered X-raus in 1895).
Intermaodional Doy ot 2&0\‘\0\085 : 8th November.

Electro Magnetic (EM) Spectrum 00:13:10

Rodio waves : Micro waves : Infrared : L‘\Sh’c : Utraviolet : X-roys : Gamma. rays

ninimum Frequency and energy MoxinnuMm
Properties of em spectrum : Properties of X-rays :
mMaoss : Absent. Frequency : High.

Velocity : 3 x 10° m/s (Speed of light). gnergy ¢ High.
Types of woves : Transverse (Crest and  Origin : extranuclear.
trough. Wavelength : 001 +o lonm.
ek gnergy content : 100 eV +o 100 Kev.

khRHRr0392@gmail.com

|. Atomic jarqons : | .
\sotopes Same Ditferent Same element
Isotones pitfterent Same DifSerent elements
sobars Different Ditferent Same atomic mass number
mers | Same atomic number and weight DifSerent/unique Atomic energy
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a. Tungsten () :
* Transition metal : Oornponen’g of X-roy tube.
. ® Atomic number : 4.
. Atomic Mass number : 184,

Radiation Units

00:29:05

; | e %

Radiation exposed | Roentgen Coulomb/kg (Charge/
weight)

Radiokion absorbed | Radiokion absorbed dose (RAD) aroy (6W
Absorbed dose equivalent | Radiation Equivalent in man Sievert (S\)
il Rem) |
e Radiooctivity Curie eecquerel

I\Io’ce {‘T‘Qz;d’\oac’dv&ﬁ w@s discovered by Henri Becquerel.
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X-RAY FUNDAMENTALS : PART 2

Radiation effects

00:00:15

Determining factors :
~* Ddurokion
. \n{'ensit}j

} of exposure to radiation.

° Sens‘\ﬁ\/'\kg ot tissues 1o radiodion.

Low of rad\o—b\olosgl Law o’} eerson\e and Thbondeau.

Rodiosensitivity T‘s&.\gs‘ b

most sensitive : Bone mar

Acute rad\a’c\on sgndro,

"‘oodmum und\‘%—%eren’na‘ced cel\s v

“,gvchve mitosis. : Al
s/ muswlosHele’cod 53stem

T ol syndrome | Aoute &) track syndrome | foute CAIS syndrome
Threshold dose -3 &y (Leas’c) -0 &y 30 &y
. & ‘ * molais ‘
Panc3 & iy ‘ * 1 Introcranial tension
Manifestodions | * Hemorrhage ¢ Diarrhoea — electrolyte circulodory edliopse
' ‘ ‘ * e 0
* Infection }Ded(h imbalonce : 5 N
Tapes:
* Acute rodiotion 35ndromes * Carcinogenesis
* Cofaroct ‘ * mutotions/Chromosomal
examples ) :
* SKin Damage oberrations
o | * sterility (6onadal damage)
Onset i Acute to subacute Chronic/Delaved
< S
@ Threshold dose Present Not determined
o
D
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Fundamentals of Radiology

i Deterministic Stochastic
Non-linear with Threshold Linear with no threshold
dose dose

Risk-Dose
Oose
00:17:50

Radiation Exposure

kKhani ‘\l‘
; PET Scan

1 ‘ cT/PeT/ radionuclide CT Abdomen 10
Danger  studies (Hishest CT Thorax [ 8

" L By Bone Scan -
CT Head/@rain 3S

gorium enemao. 1

Intravenous urogmm' e

= , Dlagipstie; - Barium meal $oliow through -
Warning | procedures (Multiple ariar I B
expowre) ' Barium Swod\ow -

micturating %ﬁowethrosmphg (mcu) -

loC $or Vesico-Ureteric Reflux

Barium enema. : Inspite of high exposure — Sa¥e&5 maintained due to lead shield

Radiology « v1.0 * Marrow 8.0 + 2024
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o X-Ray Fundamentals Part 2

quidelines :

ln{:ema’nonal Swdehnes Given bﬂ Intermadional C,omm;ss\on on Radto\ogucod
Protection (\CJZP) G \n’cemahonod Commission on Radiakion Units (crw

Indian guidelines : &iven by n’com\c anersg Regwator\uj eoard (ReER®).
Same as international excep’c occu ,ochonal exPosure — e%chve dose 0%
30 mSV in any | year prOV\ded< IOOmSV ns 5ears '

exposure Factors: o
Adjustments done on x—-m5 conso\e bosed on'i nmage requuremen’c

é;g¢ e TubeigwentCRQ
unit Kilovoltage Peak (kvp) m\l\\—nmpere second (MAS)
Po’cen’ddl"di?—?erence across | Number of photons in X-roy beam |
To Measure
cothode and anode tubes (Film Blackening)
> x Pene’cm’aon ' * @ image contrast
Determines |, i i -
Image con’cms’c
~ Thermoluminescent Dosimeter (TLD) Badge ‘ 00:37:26.

Time durodion @ 3 months.
Application : To monitor occupational radiation exposure.

OOmposi’c‘\on : PhosPhor u5skms. |
* Lithium Fluoride (LiP). Mr. S. Kumar| |
i Aprikune2023 | |

* Lithiumn &orote.
* eeryllium Oxide ®e0).

{ID - A1005
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Public exposure | _ Occupational exposure
i Sams | S/ 3earj * 30 msv/ Year or SO MSV in any | uy.
® <100 mSV in S years.
Annuol Lens of gye IS SV | IS(; SV
equivalent dose skin SO mSv 7 SO0 M3V
Pregnant females : ‘ <41 mSV
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----- Active spa;;e ... Principle
ok
o 1 > Absorbed by erystol
exposure A | l
excitodion of electrons +o higher energy levels
3 months l

Trapped in same stote

s i Y
Tested b5 ng%/}—f—v Heoding o¥ crgs’cod
Renentech Labs l

‘ ' glectrons move to lower energy levels.

emission of light (Lost enera\j)

‘, Determine quantity of radiation exposure.

2 Feedback
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X-RAY PRODUCTION AND INTERACTIONS R

Atomic structure 00:00:18

shells around otom :
goch shell has a sPeci%c energy level.

4E:léctrons e):
v o | 3 |
Paired | ~ Unpaired (Free e”: 2ero energtp ' 3
' i b g

Stoble adom i ~ unstoble otom
Sien | (7o stobilise akor

e~ moves $rom outer
ghell to inner shell

| L She\\s
e loses energy Structure of atom
Production of X-ray 00:08:20
Structure of ‘x—‘-mﬂ tube :
Ceromic : Tube hous'\ng
(more duroble) Lead lined —> Prevents radiation leakoge
VoL Oil bath :
- ] * Heat dissipaion
di¥erence
Tungs’cen T e Window Tungsten + rhenium al\03
(ngh resistonce) .
x—ra5 beam

khanirfan0392@gmail.com
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8 - Fundamentals of Radiology

Active space -----
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x—rag producﬁon H

glectric current through —» Cathode flament —» Thermionic emission
cothode Nlament gets heoted l

X-roy produced agles e ge’cs occeleroted towords <«— Cloud of e”
ro’ca’dns anode p\a’ce around codhode

mechanisms of X-Roy production :

 Continuous spex

Shifting of €™ from

mechanism | Acceleration/deceleration of € : :
: ; : outer o inner shell

Frequency ofuse| - f _‘ 10-80% (M/C) - a0-30%
el KA Bremsstrahlung/ -
Additional points . Sg used in mammography,
b - ~ white breaking radiation.
Interactions of X-rays with matter - 00:19:27
- ect (M/Q) | é ’mcez?-%ect
mid enerqy phenomenon Low energy phenomenon
~ Interaction X-ray photon § outer shell €™ | X-ray photon g inner shell e
~ Oukcome : 1 deviation 0% X-Roy ",
* scatter radiotion| ~ more (fdistortion) ‘Absent
* Image resolution Low | ‘eetter
* Desired level | e¥ect | 1 effect
Note :
Other interactions (Mot used) —> Coherent scattering, photodisintegrodion,
pair production.

Radiology . v1.0 + Marrow 8.0 + 2024 Page 2/2
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CT BASICS i

Introduction :

Sir e\od¥r95 Hounsfeld :

~ * Founding Sother ot CT ’ce‘chnolo%.

* Invented I generation CT scanner : M.
* Awarded nobel prize odong with Allan Cormack in 1979.

Tomographg : modah’c}j ot producing eross—sectional images of bod\uj.
CT Room :

gquipment : Tomography ﬁwanh’me + Computer.

khanirfan0392@gmail.com

* Lined by lead — Prevent leakoge of radiation.
* Thickness:

- Leod : /16" inch.

- Concrete : 4—b inches.

Baosic Principle :
The internal structure of an object can be reconstructed from multiple projections
of that object.

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

My~ e
Miater
HU, ¢ Hounsfield unit of tissue
I : Linear oftenuation co-efficient

HU = 1000 X

X

* It is determined by electron density (Propertg of tissue determining

oppearance on CT scon).
* volues :
Air water gone
- 1000 o} + 1000
1 | — ] | | e ®
err I ) | 1 | I
dense - 80O - 100 + 4S5 {0 + 6S more dense
Lungs Foat Acute hemorrhaae

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

| khanirfan0392@gmail.c
----- Active space ----- ) mtJSG BASICS

Introduction to Ultrasonography . 00:00:38
Important historical c\e‘cou\s

* Pierre Curie: D\scOVered puezoelec{ncﬁg monitor

* Karl Dus&xlﬁ First to oec’cemp’c head imoging using US&. )
* John wWild : Fa‘cher 0% medical USE, cet———i |
* lan Dor)odql‘ Fodther of obstetric use, Probe e
4 B ' (‘»nso\e/:::*#_:n

Utrasound waves : : , | ————

° u\’cmsomd Sound beam with high frequency,
. u}trasound S’—requenqj used in diagnostic imaging ! megaHz. —
: '~ ~Ukrasonic : >30,000 Hz.
o Mo,’ce“ijFrequéncg values —> Audible range : 80-30,000 He.
| | | Infrasonic : 430 Hz.

usa wmhme

Probes : " ‘ 00:06:54

Prmcnple

| |
Frequenqj of ultrasound wove &

Penetrotion of wave

Tgpes :
. Pencil probe :
uses ¢

. Trans-cranial Doppler (TCD) : Vascular imaging of brain.

% 3. Trans-cronial color scans (TCLS/duplex scans).

a. Convex/curvilinear probe : m/ C used.,
P use :
* Abdomen § pelvic UsG,. -
* Obstetric USS, umbilical ar*era
* Obstetric doppler studies : Blood Slow evaluation in Fetal MCA.

FREQUENCY ; 3.5 - 5 MHz uterine ar’(erﬁ

dback

‘ee
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i ‘ USG Basics - 11

3, Linear pmbe :

----- Active space -----
Flak - \ padi
use : small part imaging ot
surfoce par' "3 . o
* Neck, thyroid, breast, serotum, joints.
* Swelling on body surface (&g, : Lipoma, gangfion cysts).
* Peripheral vascular dopplers.
4. endoluminal probe : flmgie b o o
use : e, l
1 * Transvaginal sonography probe. )
* Transrectol US& for prostate imaging, - | |
* Teg (Trqns¥esophageal echocardiography) : To evaluate prosthetic volves.
' _* endovaseular probes.
S. uem Probe : . ‘:khanirfgnO‘;»’i‘)‘Z@gmail.com‘
ggi s |
~ ® Ultrasound biomicroscopy of the eye : For ophthalmic
: imoging, ¢
: Piezoelectric crgstods

Internal structure of US& probe : (/¢ ; Lead-zirconate titanate)

tlectric
current

= — —> —> —»

Biological Effects of Ultrasound - 00:14:13

Thermal effects :
mechanism :
Body tissues ottenuate (Block) some ultrasound waves

energy of aftenuated waves absorbed by tissues
S Heads up tissues : Therapeutic application — Thermal ablation of tumors
Thermal index :
-§] _ Power of ultrasound produced $rom probe
L=~ Power required to increase tissue temperature by 1°C

» ; tissue : T
[;lermal index for — So T
»Bone ¢ T\a.

Radiology * v1.0 * Marrow 8.0 * 2024 Page 2/3
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12 - Fundamentals of Radiology ‘ I

mechanical efects :

mechanism : Altemading change in pressures compressions § rarefactions

Suddeh rarefaction expansion ot air-fuid interface.
* €0, ¢ Lungs, bowel loops

. Tissue damage (microcavitokion)
mechanical index @ 0.9 to pre\/er‘\’c phgsicod domage.

Special Applications of Ultrasound 00:18:38

I aas’cographg ; ‘
. To determine elasticity/hardness of tissues. |
il (> Strain elastography : Manual application
- of pressure.
dinl 'Sheour wove elastography : Pressure
L cxpphed ’chmuSh the uttrasound beam.
‘a H‘Sh \n’rensu’cg Focused Uttrasound (HIFW) :
Focused Jc\'\ermod ablation technique.
il Liver metastosis.
. Uses : Treatment of—> Uterine Rbroids.
L ereast lesions.

moalignancies (Hard) : Appears dark

Mormbd ﬁssues (cot) : Appears light

Color m

3. Contrast enhanced ultrasound : Uses microbubbles. AL PL

c
2N

4, Spatio—temporal i image correlation (STIC) : 3D cardiae
imaging ot fetus.

S. A mode of ultrasound : ‘

* Special mode used for the eye ! A scan.

* araph represents various surfaces re%\ec’cing the
sound beam.

A scan

Radiology * v1.0 « Marrow 8.0 « 2024
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Magnetic Resonance Imaging (MRI) ‘ 1 00:01:00
History :

Felix 8loch : Discovered nuclear magnetic resonance (NMR).
* Nucleus behaves like a msr_\e’c and hos o magne‘dc feld.

Qagmond Damadian :
* Produced I* NMR image (OF rok ’cumor)
* Produced I MR maae ot humtm bodg (usmg the ¢ Superconduchng MmR
scanner). e e

Poul Lauterbur : Deveioped aD ’comograph\c 192 \mage
’ l

Peter mansfield : Developed IS* \mage oS} human ?mger usxng feld gradient % Sor slice -
selection. 7| ;

&asic pnncsple
3rorm9ne’ac proper’cij o?— hgdrogen nucleus

Contraindications :

Absolute C/) : Interference/efSect of magnetic field —- Fadal consequences.
. mMetallic ?—oreign Bod5 in eﬂé’.’ ' '
a.Cardioc pacemoker.

3. Cochlear implants.
4. Ferromagnetic hemostadic CNS aneurysm clips.

Relative ¢/ :
L. Claustrophobia. : Fear of closed spoces.
a. Insulin pumps.
3, Nerve stimulators.
4, Prosthetic heart valves ®efore formadion of Sranmaﬁdn issue).
S. I* trimester of pregnancy (speculoted that noise of MRI may cause Suture
| hearing impairment)

:

Fixators NT' external (gg, : K-wire) : c/\ Sor MR,
» Internal (ateel/titanium) : Safe for MR\,

Feedbagk
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14 - ' Fundamentals of Radiology .

e nns\oplas’clj stent :

Pag: 7
"

----- Active space -----
Formodion of gronulation tissue over stent (b-8 weeks posk—placemen’c)

}

Immobilisation of stent

:

: Sofe for mr)
* Anterior cruciate ligament (rcL) serew :
magnetic but implanted deep within bone (immobile) —> Safe for MR

Faradag’s coge :

Prevents action/interference of MRI magnet

on outside devices § vice-versa : Shielding,
4

wooden panels

wrapped with
copper wires

khanirfan0392@gmail.com
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CONTRAST MEDIA

Introduction _ j ‘ 00:00:25

Definition : ,
Contrast media is an agent used o enhance appeamnce ot organ/’nssue in bod3

Hﬂdronephros'\s

Opaci’?\cation
-of renal
pel\flcodﬂceod
sgstém '
Plain chest X-roy Barium enhanced . Plain X-roy oabdomer : \odne (\Vroude)
contrast study | enhanced contrask study
Contrast media.:  Based on Radiclogical Modalities
: |
v ; v v
X’Miﬂﬁommail.com us§ mf\
* Barium ctabilised Microbubbles . Gadolinium (&d) : m/c
* lodine e
X-ray/CT Contrast ‘ 00:05:00
TYPES :
Based on appearance _
glock/attenuote more X-roy
i compared to adjocent tissues * Barium
Positive Contrast :
v * lodine
Appears white (Similar to bone)
Block/attenunte less X-rays * Air
_ compared to adjacent tissues * Water
Negosive Contrask i ‘ * mannitol + Hyperosmolar —>
| pears Black Draws water into gqut lumen.
i - CeCT abdomen " 3 -
=, n
Note : : Double contrast : Barium enema. (Infusion of barium Followed by air).
D
©
1$ Radiology * v1.0 « Marrow 8.0 + 2024 Page 1/
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_____

BARIUM :
ptomic number @ Sb.
Dosage form Hish/ low density barium sulphate suspension (nsoluble in waker).

Advantages :

Inert compound (Inside bowel lumen)
* N irritation/damage to mudosa.
* Does.not interfere with digestion.

e Does not 9 et absorbed. khanirfan0392@gmail.com

Contra mdlcod:\ons 3
Absolute : Perforation (Couses severe chemicol per\’com’ns)

Relotive : ‘
¢ Small bowel OBs’cruc’cion (s80).
o ngersensmwcg :
. Qec’co—x/agmal/ Vesm—\/ag\nal Qistulo.
* Left S\ded colonic obstruction : excesswe stasis —> Barium converts into

¥ecoh’chs

npplicodﬁons :
powel studies.
D Barium swallow : 3) Barium meal :
To evaluate : To evaluote :
. Oropharijnx. * Stomach.
o esophagus. ‘ * Pyoximal
. G\as’cro—esophageal duodenuml.
junction.
2) Barium meal follow through : : 4) Barium enema :

To evoluate : Small bowel. To evoluate : Large bowel.

Feo&herB appearance
of jejunal loop,

Featureless
once of ileum
(n central abdomen)

Radiology * v1.0 + Marrow 8.0 * 2024




Contrast Media

I0DINE :

woder soluble con’cms‘c.

Atomic number : s3.

\odI\e/ Par’c\c[e (: P Rotio * \deal\5 |+ P rotio should be high

must be high to 1 attenuation

Osmok\cal\}j octive par’cicles'
(Must be low &oi oNoid adverse efSects)

18 - Fundamentals of Radiology

Types ot lodinated Contrast :
Jonie Dimers | Non-lonic monomers Non-lonic Dimers
* mM/C used contrast * 1s0-Osmolar contrast
Features - - . C)ﬂem\cal\fj stoble: low | * Sofest
adverse effects . * High cost
-1 P Rotio 3:3Wors) | b:a | 311 b IBes)
So&kso?DiatfiZgig.‘i‘f“ s
Acid : g T
* Iohexol (Omnipaque) :
. Tmzogro&s e : &
s m/c * \otrol
- urosra&ﬁm loxagfic Acid S :
examples Soowe o 1 ® Jopamidol * lotrolan
. nng\ogra?—%m ‘ locarmic Acid o
: s * |oversol * ‘Jodixonol
e e\as’crogroé}%m e ‘
o A e fe * \oprom\de
* urovision v
® Uro Video-
- Contrast Induced Mephrppdd:hg N :
Diagnostic eriteria: 1 Siereatinine of :
* >as%/Per injection volue
. o within 48-7a hrs of i.v contrast.
. O.Smg/ dL obsolute increose .
Pakho\o% : Labom’corlj mMarkers :
* Direct injury to proximal convoluted  ® S. ereafinine (most \mpor’can’c)
tubule. e S Cﬁs’m&\n G
* Free radical mediated injury, e ectimated GFR (eGFR) <0 mL/min.
* Voso constriction. * Plasma. neu’«oph\\ gelotinase
) associoted lipocalin (NGAL).
RisK Foctors ¢ ;
'5 Pre-eX\shng Chronic h\dneij D\sease ° e\derlg; age.
% (CAD) : most important. * Diobetes mellitus.
& Radiology * v1.0 - Marrow 8.0 - 2024 Page 3/5
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18 - Fundamentals of Radiology . =~ ’

----- Active space ----- * Anemia. 4 n’\ud’c'\ple mgeloma.
| HSPO\Iolem‘\a/Dehﬁdmﬁor_\. ' * metabolic Syndrome.
rnQnagemen’c: |

* Sel? limiting condition : Monitor Sluids and electrolytes.
* Hemodialysis Rare):

Prevention : Pre—contrast |
* Rena| Function Tests : To rule out D, * N-Acetyl Cysteine.

. H}jdm’c‘\or\ | ‘ * Vitamin C.
* picarbonate ’cherapg. ‘ ' * Rosuvostotin,
Contraindications :

t Renal impajnnen‘c
. nger’chﬁroxdnsw\.

648c85cf3@iB372& 82fab

= :mncaosooptc aas BUBBLES :
: 'Pnncuple.-, '
Mormod u}tmsouno\ waves :
| ff?Cnmpresston ’I‘pressure
efaction : | pressure.

On C,on’cms’c
' Creates bock scodtering of ultrasound beam during rarefaction.

Classification :

_istGeneration
Stability Least | |
(Absent shell — Disintegrates before * Moderate Highest (M/C used)

reaching target organ) '
T &os | Air '. Air Nitrogen/PolySuorocarbon/SFl
Shell None i Protein Protein/Lipid/Polymer

’ME “, 'A"’-

T
microscopic
bubbles

- Feedback
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| \ Contrast Media - 19

khanirfan0392@gmail.com
Applicaﬁons ¢ ‘ ----- Active space -----
Tissue specific contrast ¢ vascular controst :
Organs : Liver, Spleen, Pancreas. LV injection : To assess blood Slow.

Contrast moterials : Levovist (M/e), Sonovist, Sonozoid.  Contrast materials: Albunex, Infoson.

‘MRI Contrast

00:36:20
T\ljpox : | ‘
Based on net magnetic vectors of pa’c‘\en’c’s body o} particular tissue.
shor’cen‘ms of T reloxadion time shor’cen'\ns ot Ty reloxodion time
Principle 7 -
eright on fok suppressed Tiw image Dark on Taw Image

gadolinium (M\C : C\I in pregnancy, | SuperParamagnetic Iron Oxide (SPIO) * Uptoke

* Magnevist : d-DTPA % by Kuptter cells (Liver) in focal nodular
examples | Omniscan * §d-DTPA-BMA Hyperplasia. (FNH) —> | Intensity on image

3, e speci%c ageh’cs : mahsanese conkaining contrast moderiol.
. G\d—-n’\axganese DPDP. * Go-BOPTA.
° mansoé?od'\p'\r trisodium. * God-208-DTPA.

Nephrogenic Systemic Fibrosis (NSP) :
Pakho\ogfj :

* In Renal failure patients —> | penal excretion of &ad

: Transmetallodion *
Free &d ion deposited in body (extremities, muscle, chest wall)

Induce \nfﬂanmo&orﬂ reaction (Subcutaneous edema, rm indurated plaques)

Irreversible Rbrosis (oint contractures, deformities, respiratory dificutty
* Toll like receptors (TLR) type 4 and 7 involved. in pothogenesis.
eﬁok)% : Godolinium con’todning agen’cs
<3 Omniscan (eadodiamide) : ®anned).

g Magnevist (G\adoper\‘ce{'a’ce dimeglumine): and m/e.
¥ Optimark (eadoversetomide).
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