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EFFECTIVE QUALITY OF THE RADIOGRAPHIC
SENSITIZED MATERIALS

;

WHICH FILM-SCREEN COMBINATION ?

)

i" ‘;

FILM SCREEN COMBINATION ANALYSIS




HISTORIUAL DEVELOPMENT

1895 - Roentgen discovery of X-rays.
1896 - Edison tested difterent fluorescent substances and
recommended calcium tungstate (CaWO,) as intensifying

SCreen.

1913 - Cellulose nitrate base coated on one side with the
emulsioin.

1918 - First film designed for radiographic purpose :
high speed emulsion on both sides of the support.

1924 - Acetate base

1948 - Barium lead sulfate phosphor screen (BaPbSO,).
1964 - Polyester base.

Early 1970" - Rare-earth phosphors.

1983 - Flat, tabular, silver halide cristals.



PROGRESS IN THE SCREEN

CONVERSION EFFICENCY

PHOSPHOR

z K-edge Energy DENSITY n LIGHT EMISSION SPECTRUM
(keV) g/cc Z RANGE (nm)
Calcium Tungstate (CaWOs) 74 69.5 6.06 3.5 340-540
Gadolinium Oxysulfide (Gd;0:5:Tb) 64 50.2 7.34 15- 400-6590
Lanthanum Oxysulfide (La;0:5:Tb) 57 38.9 12 480-650
Yttrium Oxysulfide (Y¥,0,5:Tb) 39 17.0 18 370-630
Lanthanum Oxybromide (LaOBr) 57 38.9 6.30 13 360-620
Barium Strontium Sulfate (BaSO,:Eu) 56 37.4 4.00 6 330-430
Barium Fluorochloride (BaFCl:Eu) 56 37.4 4.70 13 350-450
Zinc Cadium Sulfide (ZN,Cd)S:Ag 30/48 26.7/9.6 .43 18 450-650
Cesium Iodiﬁe (CSI): Na 55/53 36/33.2 4,50 10 White
Barium Lead Sulfate (BaPbS0,) 56 37.4 4,50 300-500




PROGRESS IN THE SCREEN

MATCH BETWEEN SPECTRAL RESPONSE OF THE FILM AND

PHOSPHOR EMIBSION INTENSITY

LIGHT EMISSION OF THE SCREEN
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PROGRESS IN THE FILM

CROSSOVER EFFECT
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PROGRESS IN THE FILM

SILVER'HALIDE GRAINS

regular 3-dimensional (left) ana tabular (right)

Light Exposure

Light Exposure
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FUNDAMENTAL PHYSICAL PARAMETERS
WHICH DETERMINE THE QUALITY OF
A FILM -SCREEN SYSTEM

/I Characteristic curve
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SPECIFIC CLINICAL TASK

EXAMPLES

General purpose => medium-high sensitivity

Extremities ==> high resolution
Chest ==> high latitude
Mammography ==> high resolution, low sensitivity

ACCEPTANCE GRID

CLASSES SENSITIVITY . CONTRAST FOG
General purpose 350 - 500 l 2.2-31 < 0.25
Chest 250 - 500 } 1.3-2.5 < 0.25

Mammography 10 - 30 f 2.8-3.6 < 0.25




CHARACTERISTIC CURVE

4.0(
35k

30r

n
w
T

DENSITY

n
O
~—

1.0r

5 0 15 20 25
LOG RELATIVE EXPOSURE
CONTRAST = 1° Derivative of characteristic curve

GAMMA = _ Dv- D
LogE, - logE,

LATITUDE = E-E



SPATIAL RESOLUTION

Spatial resolution means the épability of a

receptor to reproduce small size, high
contrast detail.

If the system is isoplanar and linear

MTF (Modulation Transfer Function)

Is the parameter most commonly used to
describe the spatial resolution.

It is a monodimensional function which

represents the contrast dependence on spatial
frequency.



NOISE

QUANTUM NOISE
local statistical variation in the number of x-ray photons

STRUCTURAL NOISE
not uniformity size of grains of the screen and of the film

INTRINSIC NOISE
film granularity

OTHER SOURCES NOISE
manufactoring and developing process

* INCOMPLETE DESCRIPTION standard deviation

* DETAILED ANALYSIS Wiener spectrum



SENSITIVITY

The reciprocal of exposure required to
obtain an optical density of 1 (above the
base plus fog level)

NOTE

It Is commonly used the parameter SPEED
Instead of sensitivity:

Sensitivity(mR) = 128 / Speed



IMAGE QUALITY :

SYNTHESIS OF VARIOUS PHYSICAL CHARACTERISTICS
(non mutually independendent)

l

SINGLE QUALITY INDEX

Global quality (“the technological level®)
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CHARACTERISTIC CURVE

does not depends on light emission spectra of the screen

SHAPE depends on: Intrinsic propriety of the film
developing conditions

ABSOLUTE POSITION (sensitivity) depends on the radlant energy
| absorbed by the film

METHOD FOR OBTAINING THE CURVE

Sensitometer Direct x-ray exposure



SENSITOMETER

ADVANTAGE DISADVANTAGE
easy useful only to obtain the shape

quick

(QUALITY CONTROL OF DEVELOPING PROCESS)






DIRECT X-RAY EXPOSURE

TIMING SCALE

INTENSITY SCALE: - metal step wedge

DENSITY

- bootstrap technique

- recording system placed at various
distance from the source

3. LO DOSE SYSTEM

o Time Scale
o Intensily Scale
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SPATIAL RESOLUTION

RESOLVING POWER

The ability of a photographic material to mantain in the
developed image the separate identity of parallel bars when their
relative displacement is small
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UNSHARPNESS

ONE OBJECT WITH SHARP EDGES PRODUCES AN IMAGE WITH BLURRED EDGE

.._g— OBJECT IMAGE I._-u_4
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POSITION FOSITION

FACTORS AFFECTING UNSHARPNESS :

- SIZE OF THE FOCAL SPOT

- MOTION OF THE OBJECT DURING EXPOSURE

- GEOMETRIC BLURRING

- BLURRING IN THE SCREEN-FILM COMBINATION

REZCEPTOR



MEASUREMENT OF RESOLVING POWER

SPATIAL DOMAIN FREQUENCY DOMAIN
PSF MTF
LSF
DISADVANTAGES ADVANTAGES
. Practical difficulties

in the measurement

. Function not mathematically

additive or multiplicative

. Provide a complete picture
of the resolution.
R;pmsmt the ratio of
output amplitude to the
input emplitude when
a sinusoidal signai of
varying frequency is
passed through a given

transfer system



MODULATION TRANSFER FUNCTION ( MTF )

MODULATION TRANSFER FACTOR

The ratio of the effective
exposure moduiation to the
input exposure modulation

Modulstion of Output Signal =M

MT = ~Modulation of Input Signal M’

An MTF specifies at each spatial
frequency the fraction of input
moduiation which will be imaged

MTE(n = MO
M(0)

Modulation transfer factor
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MEASUREMENT OF MTF

DIRECT MEASUREMENT OF
PERIODIC PATTERN TEST
OBJECT
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FOURIER TRANSFORM
OF THE MEASURED LSF
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USE OF BAR PATTERN TEST OBJECT

Difficultles to obtain a test object which gives
sinusoldal Input exposure variation

SQARE-WAVE RESPONSE FUNCTION (SWRF)

Modulation Transfer Factor of a square-wave response

S(f) = dE(f) / dEe

A 8
4
E, —1/f — E b 1/ —
J, x =0 j, x=0
Input Exposure Variation | Recorded Exposure Variation
COLTMAN EQUATION

.Glves the mathematical ralationships between
the SWRF and MTF

MTF(f) = X [s¢f) + SB-£) _ SC-£) _ 5(7-f)
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FOURIER TRANSFORM OF THE LSF

MTF(u) = / LSF(x) cos 2ttux dx / / LSF(x) dx

COMPUTATIONAL METHODS

THE SAMPLING THEOREM
f{x) F{u)
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Hlsstration of the sampling theorem. If f(x) is defined within the range m, then
. : . 1
F(u) is fully described by points du = —apart. Conversely, if the range of interest of F(u)

is 24imax, then f(x) may be sampled at intervals not greater than 6x = -2;1- .



INSTRUMENTATION

MICRODENSITOMETER
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NOISE

The noisy apparence (RADIOGRAFPHIC MOTTLE) of a uniformly exposed
X-Ray fiim Is due to the spatial variation of the flim density

A number of studies have demonstrated that the density D, as
measured with an aperture of area A should follow a Gaussian

distribution

MEASURE OF RADIOGRAPHIC NOISE
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Relative power
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A) Structural noise

B) White noise
(due to quantum mottle)

C) Decrease of MTF

D) White noise
(due to grain structure)



UV AW

LT LW R

T-MAT G

80

SHICALD T b At Al
delie estrermnea Ao
CEMNALo ollema
TEOHIZIONE

100

FIt LA Al e e e
e Qelfe estrea Alte
CONTASITD ARrSHTid
NSO

300

[REEFY SN IREVIR VR
ARy CCTHRAY O £ eI
Aok 12000

400

P AURR T e iet ke
£ pchang A Rapucity
cleyvata, M0 Contrasto
DG S0l ZI0Ne
eccellente per Lnd vasta
gamma dr esami

600

Mt ALt S0 I D AlA
QUOCEIR® St ] TR KDY
YRR RAPHIES Thester
levald, dlio CONrasto,
weale per lecnkhe mirate

T-MAT L

80

Fet 1a raamgralo ocie
EATEMIA Ampia Lattudne
1 PSDOYZONE. MK
LONIASto, OftMA (ROLDONe.
eccenonale detmezone

del 183310 asse0, (N
poysubetd i ketiura dele
ATEE (It [ESUUA Mok

100

Pet 1adwgy aha generdie €
€ Jelie estremata Ampd
lAtRuANe ch BsposZIone,
medio COM1asto,
eccelene rsoluzione

300

Per ragegf dia genetdic
AMpa Suckee d
espouznne. medio
Conlr 5T, eccedente
molzene

400

Per tadixgralid generale
Rapna slevala. ampia
JANILCENE (T ESDOMZIONE,
TECHO CONasLa, Ottma
TSODONE, IGENE et

UM 3RS gamima o esami

600

Per jadiogratia genetdie €
SPECLANSIC A, ARSUMA
raudea, ampia lattudine
di espasnoNe, medo
CONEALO. buona
FROILZIONE.

T-MAT C

PROOOH O O RO e R

300

Per L rackocraiia del
lorace Xiema
FRORIZINNE. AT
LA (H BSOS
che pesmerte ch regrtiixe
¥ Massno numero di
FONTEROM Je1 PORDOEI
e del regaung

400

Pet 3 radiogralia det
[orace. ECezionaie
HRA0NE, Rrudine

di E3POUIONE Dt AN
Der uNoltima lettura dete
Aree Cormspondent!
POMoN ed dl Medasing,
nduzione gella dose

600

ArAtla R S5M CON
mdc I conkasio
deffand prevaie sulle
fort dhfferenze di densia

T-MAT H

FPIDON U O [Pk £ o ]

600

Pt radogiana gener i
ARD (OISO DTN
IR N A

800

ReAf A ehevelA INChC At
PHA A A e AR
[RRTE S SRS TR
Fangoxgratis con
mygrandinenta Alto
COMNEANTES Dt %
clelan2ne

1200

federdies et At ale:
COMY WM ARG ()
MR T T e Pt ol
Al 1At din
CONTAsIo ¢ DuonA
et

ORTHO G

80

Per i rahogralia deke
SUreMia ARD CONMIASto.
ecrefiente resa det
cettagk

100

Per radicgrala generaie
€ dele sstiema AR
<onlrasio. excelerte
fesa des Jettagh

300

Per tadiogedlid Genetske
AXC CONtraslo. otrma
fesa de- demagh

400

Pet radexgialia generaic
Rapudila edevata, o
COMIABO. Kieak: [ser
un’ AMpa gamma di
esdimu

600

RA it MO0 elevata
Stuchate e impnego in
rAdngiala gernerake e
SpeCstva

ORTHO L

80

Per radiografia dede
csteula Ampw dudine
O ESXTLLONE. MeTho
COPTATD. oCCeNente resa
31 AeTteegh deke orsa
PITLrA Archwe cey (essuti
maoil

100

Per radicgratia generaie
e delle eitremta Ampaa
lattudine di =spowZone.
eI COntasio

250

Per 130G AIG genetaie
Ampa Atudine.
COAra50 Moderarg
cccederte defmiznone

400

Per rackograha generale
RapadMa sievala, medio
CONLASIG, Kiedle per una
vastd gamma di esami

600

Altssma rapidita, per

HENEQO ®) [ALhOGrAha
generae

ORTHO C

250

Per 1admgrala det rorace
AMpia attudne
SOUMIONE, ECCeNenIe

400

Per tadiografia el 1orace:
A lattuedne o
EXHUTONE RAISINO

LTSI ERYRITA R he
Cima b Certach

- detrurone wa neffarea nmera de miormaziont -
et poon che del il ared der poimon ¢
HESVIES, Lil (LA RILL3IE TSR Y SC LT
et tone
ORTHO H —_— —_ Per radngraba generie Rapata clevard RAPIRA TASSHTIA € CONIEAD
CONrAS O elev A0, Ot Pt taclengralis genae eevalg M Laioneaie i
defnzone der dettagh € S ECAIBIK A T HEma e letlefies Ot o o id
R ORed, TR IIONe FAPpowratia con e b paaseenie ek
A LG LRt LT R P CSMCTC IRk ftme k)
Schermo singolo
ORTHO M Fer mammaograta e
1AM 3 Mesorma - - - -
ORT"‘O MA dehone ARRWMO
CONLASIO ONTNMA
delnuone ¢ Duond seva
lefe trabecole ovsee
Pec mammograia e
fARogratia ag Ma
MIN_R definnone OHxma ress
a6 deftagh, Meox - — —— —
CONIEae cocolente
Il 2 A 0000
I8 eSS ok
NMB P IOt AT
ielimanne Mecing - - - -




