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e—ctrons are created at the cathode (neg
;f—*;_ electrode/ﬂlament) by passing a current through
~the filament

» They are accelerated toward the anode (pos
electrode) where they will collide with the target
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rtube current (mA) is the number
ns flowing firom the filament to
et Per second

1Iament IS made of tungsten

e electrons leaving the filament are
= Tbcused by a focusing cup usually made of
~ nickel
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J Ol % Of the energy of the electrons will
E'Come X-rays, 99% will result in heat
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— Thus the anode rotates to facilitate heat
- dissipation into the copper

1" '
ns strike the target and produce Xx-
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voltage diffierence created between
JF‘ jode and the anode (kVp) is
lble for the speed of the electrons

E '—The faster the electron, the more energy it
has and the higher the energy of the x-ray

it will' generate
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eishlbters define: the
PEARIFGIMENSIONS
finternumber of

S

Sguare or rectangular

~® X-ray field visible as a

lightened area
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o Lz 'c'r 2 area exposed! to the primary.
J:‘cJJ’J'J ||m|t patient exposure

m ~ I|m|t the scatter that degrades
e I age

T

e

= , - and limit the scatter that
= j teTac 'S with personnel

e Win — Win maneuver
® Tricks for collimating rapidly
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HrJrrua dlatlon IS
OfIEr tediin parallel
— Witk 'he strips and
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~ passes through
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- h4:|n“touched

- ® Scatter radiation is at
off- angles to the
strips and is absorbed
by them
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SNETERNETION= = ratio of height of lead strips to
rJJchm(“ etween them

J GrJrch between 4:1 and 16:1 (8:1
= f _icommonly used)

~ % The higher the ratio the better the grid is
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—=.|5 removmg scatter but the more primary
- beam is necessary
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B EIicl/5 stilke the cassetie which contains
fl JOPS -"nt screens and the film
oS J0rs in the screen emit light within

1 ( 8i5econds of stimulation by the x-ray
| :'- oresce)

light exposes the film

“e Important that light sensitivity of the film
matches that emitted by the phosphors
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MIDECTEASE the x-ray dose to the patient
(Irite rur cation factor)

r\llov\ﬁw jorter exposure times — important
r_o.:; linimize motion blur

' rrglnal phosphor = crystalline calcium
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= Tungstate (produces blue light)
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0 Felgier [ SCre reens (ie reguire less patient x-
relY ,,g)@ to produce the same amount
OIf X-I'c V. film exposure)

= }\/LJEG faster by increasing thickness of

'* ~phosphor layer
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=% I'ncreased thickness decreases image
“clarity due to light diffusion
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ijeiease screen speed by having
hIghe ;_Conversmn efficiencies of x-rays
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—: gt er efficiency of x-ray absorption
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y hic emulsion attached to a
JlJr)r)orr s base

2 [gglelelge ant emulsion components are
____g__cr atin and silver halide

= % Gelatin holds silver halide grains evenly

- .—:_,_--

":-j' cT ISpersed and is easily penetrated by
~ processing solutions
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Aighit sensitive material
SRO(= )DJ/ |Iver bromide
0 |—|QJ *srlver jodide
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“®iSilver (Ag+), bromine (Br-) and iodine (I-)
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| dnns are arranged in a cubic lattice to form
;"_ ai crystal suspended in the gelatin
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BiEight photon > Br + electrom.

HECHIONI MOVES V vithin the crysta| until it is trapped by a
SEIS]| J\/JF\/ Jr-= ck (site of crystal imperfection)

e

AU CLSTS J _ Jj ons

_q_t_r__;u_j . _,e é;frbn - Ag
__Réﬁe?:ited trapplng of electrons at the sensitivity speck
- causes the accumulation of silver

Clumps of silver = latent image centers
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SEpEVEIopment will amplify’ the Iatent Image
yac 'f-j’ i of millions

J De VEl o) 5er is a reducing agent which
chgnges the silver ion back to black
= et allic silver

“e Reactlon happens much more rapidly at
~ latent image sites so time is important in
development process
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SBIomiderand acid are formed and
rJé\/éJQr‘ IS consumed each time a film is
clayele pPed

b J_Lé sloper therefore needs to be
=—Jeplenished regularly and a has a limited
= 1fet1me

~elna busy practice a tank of developer will
last from 2 to 3 months
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sLAfter de elomemt e Image must be

washe-a plelEgle ‘°ﬁ

Hkerremoves silver halide not reduced to

I

Jve ‘EhOt exposed > washed away)

= g agent forms water soluble
___, mplexes with silver ions which are then

-l.-
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= ~ washed away in the subsequent water
bath

® Fixer also hardens the gelatin
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ossUming: DIOPEr evelopment ﬂxatlon
rmrl wrp mg

== rXf*“' |t by light from x-ray exposure will
"” eblack (metallic silver) and non exposed
= a}reas will be white (silver halide washed
~out of emulsion)
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Pigiialicamera
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1ae ' coupled devices (CCD)
suted radiography (CR)
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:r;é digital or flat panel radiography (DR)
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Digital Camera —

) rrw I qge Will 5?0‘1“113/ as good as the

_' Take one Image of the entire film and
another close up of suspect area. Move in
close to the film to do this, don’t use
Z0om.
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SWAETicl/S PaSS through patient and' hit
selrl FJHrf screen

SMITCCE treated IS projected by a

= mi srﬁr/lens assembly onto a CCD chip just

..:.LS*a camera focuses an image onto film

_‘" 'CCD converts visible light into electrons
that are stored in the CCD pixels



L(A)*A*Q Mirror t())
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Emmmmms CCD Camera (QE)
l Ne sign.al
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SMOONI5ISIS i anl Integrated circuit containing
glgRclifidly’ Of capacitors sensitive to light
SN=ACHcapacitor accumulates a charge
r)J”JE ortional to the light intensity it sees
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= wiihe charge is then passed through an
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= —fénaiog to-digital converter

-8 Main uses are digital photography and
astronomy
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5 a_si' all'relative to the scintillation
=) ‘creates a lot of noise

I|m|t to the size of the CCD
se of the time to read them out

t loss through the lens assembly
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J QIJrJJJF\/ iferior to CR and DR

2 Nelsy Jr ge with what looks! like
IIGVEN; nent artifact

e —— ..:5"-:_—: -

- ) Cg *+Sty

-i-—-__pi_

ﬂxlot enough iInformation stored for
= magnlﬂed Images to be clear (grainy and
blurry)
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Trelclit] Ofial ube setup

Cigl c zassette records image

_'W e manually placed in reader

ader sends digital image to computer
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The goeeciicms
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0 Hho"roJr]_rr__ﬂ"-'i“'n osphor that
r)noJI)rugf (emission of light after
eulffiliation n delayed beyond 10 % seconds)
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SPIETE flooded with light fr
2 ithi light from: high |
S Igh intensi
ojcfitigg] d charge lamps > erage eI
r)M/Jgn S lmage 250
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Prigtosi] able phos njo)s eﬁme_ﬂp.—
- to x"l%ybeam

SESOITIEIOff ENErgy Of X-ray beam absorbed
0\ onlegelslel
J5101ied as valence electrons in high energy
rus s which forms the latent image

—F Umber of trapped electrons is

— e
-

-

_;._-Eﬂ:tﬁmportlonal to the amount of x-rays
- absorbed

e | atent image will be retained for up to 8
hours but image will degrade over time
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MICEERbEam scans atent image in cassette

SRINEPPE 'rélectrons return to the valence
- gnr};’ 3d emit light

= _JJ 0 Gmultlpller tube records the light
= emission

.—:_,_--

~» Photomultiplier tube output sent to
computer where digital image is created
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Jicaitional tube setup:
KElcy/SHT ﬁorded by’ detector
mrorm tlon sent immediately to computer
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RS UOIEG!|: Iﬁ“' anently’ in your bucky tray
J JerCE_W ng to computer image
fm n\ tion station

= mmedlate appearance of image on
- e Screen
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S.clateaio)f— -Amorphou -

Siy/seintiliatores

2 Oy ror) xerayascintillatiormaderofithicke
Jrjyer ) thalllum ~doped CsI or Gadolinium
O,<Jrl

J J\J,,- Array of amorphous silicon pin

- pho odlodes and thin film transistors
_--E:’;-—-‘-’ ET). Peak quantum efficiency of

- photodiodes = that of light emitted by

scintillator

e Next: readout and drive electronics. Chips
perform charge to voltage conversion.

’
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M eRscintillatorintermediate, direct x-ray to
SIECT rorr ONVersion
0ugh Selenium photoconductor

“by thin film transistors (TFT)
ector elements
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AEHEIYENS 5icollected by’ an integrating
2lrf) r)lmgz converted to a voltage

J Hrorr imable gain is applied to the signal
= :a‘ge '
- = J@utput voltage is converted to digital data

S—
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by analog-to-digital converter (ADC)
e This is performed row by row
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IIIIBEES CC ntaln adequate information to
ffle Jrj_ rmany times and still have great
Jmei_g"‘
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Desiieased CostiomT

e —

AINONIFOCESSOr, PrOCESSING SPAcE,
r)roceJJ solutlons Or maintenance

> MNoillg 1 expenses, film jackets or storage

| Jpgﬂ ‘needed
==» ®\o; storage space for completed

-
_,_*-:-

~ radiographs needed except computer

-8 No time spent filing new films or looking
for old




Mme investments '*-'fl :

| aKing. radiograpns

SNINTTENLO) take filmsiis same for traditional

zlrlel Cr — around 20-25 minutes a case.

= CRr ight be slightly faster as exposure

— atitude increased so retakes may be
= fewer

- e Time with true DR or CCD drastically
reduced to around a third of the time
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- Developinc _i aphs

-- "_ T

r processors around 1.5 minutes
s can go in one right after the

SICk ¥fakes around 1.5 minutes for image to

"

E,__: be read and appear on computer, must

- Wait for one to be completely done to go
to next

e PR and CCD: Image appears on computer
within seconds of exposure
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2> Agiljgyates See the image from any: site
WL e ospital

r\JJJJLV o manipulate the image:
ﬁlﬂcatlon altering contrast/brightness

— e/ bmty to send (remote reads) or copy (for

— _'____hr
P

":'_‘" ‘the client or referral) the exact image
~quickly

—-—'
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JIEXPOSUTES can be so lose together that it
Wilia r)r)r@ 1mate fluoroscopy
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SNVIpI9NIE me graphy IS |ff|cult due to the
iEed for thie cable attaching sensor and
fomru er

b =table views cannot be obtained as

___.

| #“f— e sensor is attached to the table
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R GURWIIIFS Nave e to train personnel

o (o] JJ}mJ v |II have to alter your technigue
mfjrr -;;
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to 55 K

AEOputed s\ ems: :
> CCPE —}5—“ K

> JJJJF‘r : ystems 80 K and up

J:_ Iy 1ber: of workstations will cause the
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=== |ee to vary
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Voltimle needea to W
%3

deiiaround S0 studies e month
JEED around 50
DRI _ﬂd 60 studies a month
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JJ’ ‘monitor
vantage
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iiiEg)ng software and PAGSE s

ystems
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WO USt need ability to produce the
cli¢iEz]f Jf age
NN ddﬁl’:= ftware to view and manipulate the
= 1ia QE'
= =eed to archive the image, retrieve the

":-'j- ‘image, send the image, distribute the
~ Image throughout the hospital
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RIS System - e_Lﬁcient S

_anayetrieyals

ERichlne viewing at various workstations
SRFA - r\rmﬁ ng IMmages
o C - munlcatlon using LAN' or internet

e

= J T CNT' ‘ *V S{tem
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o g Jmec ate retreval of all radlographs
UEIKEIT n a given patient

) Sco__rc ge and retrieval of any digital image
generated on the patient (US, CT, MRI)

-@ Slte pbackup by the PACS vendor or
ether Independent image storage
companies

® Access to images at the off site storage
server by the client or referral hospitals
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SMSEIVElE 0 VENAOS: 10C -in: Make sure
IIIEEES *‘: e Mot stored in a proprietary
JIEnner e

= (“gf 10N honproprietary image formats:
—=; @‘"JPEGZOO TIFF, DICOM
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EPIEO==DigitaINMaging el
Coglsnltinllezicionstlaeelidinle

> DICOV IS e dreflliZziclell Gl ceple el =
ESElRWIthrthe standarndization off the
sommunication of medical images and

rbf Giated important information

_ _#J_D ®Miis a published standard with 18
== :| erent parts the goals of which are to
“achieve compatibility and to improve
workﬂow efficiency between imaging
systems and other information systems in
heathcare environments worldwide.”

¢ DICOM is an imaging format.
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DICONMYmAgEHNof

SNHIENORMAL that permanently stores
mrorm about the date, patient and
type o Fscan In the image header

SREGU Uike' a DICOM viewer to view image

'DICOM image software should protect the
= -Eilmage integrity and not allow you to alter
the original image — it is part of the
medical record
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SRllslishediand maintained by NEMA
gNatienal 'Equipment Manufacturers
r\:):)OF thn)

. r\ pr duct should have a DICOM
_,,, ——cor ermance statement that details what

== tthe product does and does not do relative
= to the DICOM standard

e Not all parts are relevant to all products




SEVENLIE evant par‘ts o mgﬁﬂaa_j-,
' mgmg

J \/~r1r1ur ON — CONMMS IS Properly. connected
PEIBlE communicatingl (pinging)

J J\/JOFHJJF\ orklist management — scheduling
COnglnLl r’llcatlons

crpert rmed Procedure Step — Communications
=~ about completed exams

¢ -S*tore — sending images to PACS
= ‘Storage commit — transfers ownership of images
- ® Print — printing images

® Query/Retrieve — exchange between display
station and archive
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o DI FOMW ore — Modality (eg CT) IS user,
PACSESYS em IS provider

SDIC Q‘*f Juery/Retrieve — PACS system is

0L fprowder (provides images to users)
1di user (uses images from storage)

i
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DICO) ~sf
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SNIElIeU What class off service it supports

o Wzl LA |t plays (User, provider, both)

—
-l_

0 \/\/mr}r’ }ec s (modalities) it supports




URSUNSIIETR — MOS0 IMPOLiaNiss—
SeIgSPLO CORSIHEMNVAERISIBPID!

_for.a.digital rairn) -

'may‘e‘"ﬁ'-’ /. MOst Important
SMAVailability and dependability of service

ONCE!| stalled examine vendor’s
repu (] atlon closely

= __._-:—._.__

== PACS system inclusion/availability

-..n_—\.
—
——
B

- f@ICOM compatibility

“® Type of system: DR, CR, CCD — what are
your goals and how much can you spend






