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| ntroduction

Starting Specific Technical presentations

Presentations on | maging characteristics involved a
number of factors, serveasa basisfor comparing
systems

Specifics covered in the following section

General considerationsthat apply to all DR systems

|llustrate pointsto consider asthe specificsare given




Fluor oscopy

* Fluoroscopy isexpected toremain in itscurrent state
for sometime, and employment of flat panel digital
receptorsisexpected to lag

 Therearesomefundamental issuesand thebig push is
In angiography

* Rest of talk will concentrate on Digital Radiography




Digital Radiography

e Consideration of theimage flow will illustrate the
Important consider ationsrelating to discussions of DR




General Schematic
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System for DR

« Themain changein DR systemsisin thereceptor

o System characteristicsthen becomerelated to the
I eceptor

o System => workflow




| mportant considerations

System

Dose

Testing and Quality Control




General Classification of Receptors

Receptor Receptor

Light

Light conversion
Digital Signal

| ndirect Direct

X-ray tolight to digital X-ray todigital




Specific Parameters of | nterest

First consider ations of areceptor will involve

e Spatial resolution

e Contrast

* Dose Efficiency




Receptor Properties

Fill factor

X-ray absor ption efficiency

Dark noise

Unifor mity

Readout 1ssues




Fill Factor

There can be a dead zone
between elements

therecan bean areathat is
part of an element that is not
active

dead area

N\

or

Passive element

]

detector element




Spatial Resolution

Related to pixel size dead area

Pixel sizerelated to detector \
elements

Fill factor can be a factor

or

Resolution and efficiency can Passive element

berelated tl

detector element




Absorption

Z and density arefactors
K -absor ption edge

Crystalline properties

For indirect type of receptor, light emission spectrum
can be important

Direct effect on DQE




Electronic Noise

e Dark noise contribution

e Signal present in absence of radiation

e Signal subtracted out from raw image, but contributes

to total system noise




Unifor mity

Natural uniformity of the material and non-unifor mity
of response

Readout -- amplifier gain

Tiling

Uniformity may be a function of kVp
Dead pixels

Corrections can be made but add to overall system noise




Classifications of Detector Systems

e CR
e CCD
e Flat Pand




Flexible imaging plates using
photostimulable phosphors

Direct replacement for film

Cost effective means for
digital imaging

.

Expose Plate

—

PACS
and/or
printer

QC Monitor




Entireplateisactive

X-ray absorption limited by
material

Plate consists of powder +
binder ‘ '

Unifor mity




Especially valuable for portable x-ray work

Efficiency of operation (likefilm)

Low DQE

Work ongoing on different phosphors




CCD based systems

I ndirect type of digital system

CCD familiar from usein

digital cameras

CCD chip size of the order of Scintillator

5cm X 5 cm maximum . \ /
Lens or optical
Readout is* bucket brigade” taper

CCD Camera




Typical CCD cameras operate in array mode (full
frame)

Entireareaisactive

Unifor mity

Dark current hasto be accounted for




CCD lssues

Sizeisamajor issue

Modularity -- can change out camera and upgrade
systems

Note: CMOS based systems are used in some instances,
similar issuesaswith CCD




Flat Panel + TFT

Detector system asa unit in place of Bucky

Scintillator in contact with thin film transistor array
(Indirect), or

Direct -- electron-hole pairs created in receptor
(selenium), readout with TFT array

High DQE




Flat Pane€l

Uniformity -- dead pixels, scintillator or receptor
uniformity, pixel gain

Absorption efficiency

Spatial resolution -- primarily dominated by sampling
and fill factor

Readout -- hasto be reset before next exposure,
selenium has been somewhat mor e difficult to work
with




Flat Panel | ssues

 Expensive-- integrated module

 Largefield-of-view

e Ghosting -- residual image




Systems

* |mage formed by the devices discussed areinitially in
raw format

e Apply processing




Example

KCXRDRM2

Ex: XR040117966
Pelvis 1 or 2 vi
Se: 11074/2

Im: 13/1

Mag: 1.05§

g |
W:2072 L:5326% ‘1 !




System | ssues

Processing takes some time
Added work for technologist

But retake for image density no longer a problem

Big issuerelatestotimereguired for Radiologist
Inter pretation




W or kflow

Thus necessary to optimize processing parametersfor
each different exam so that image isreadily viewable by
theradiologist

Order of examstaken matched to PACS or with

appropriate identifiersfor “hanging protocols’

(Remember the gold standard isa motorized multi-
viewer with films pre-loaded by an assistant)

Also Radiologists want imagesto look like film




W or kflow

« PACSbecomesa major consideration




Systems and Wor kflow

« CR hasamajor advantage of being used for all views
that may be desired (obliques, laterals, etc.)

 For DR system integration can be more problematical




DR Configuration

e A standard configuration may be atable Bucky and a
wall Bucky, but then thiswill dramatically increase the
expense of the system (two digital receptors)

* |n addition, crosstable lateralswould imply CR




DR System Designs

Use of CR with DR will in general impede wor kflow

Philips offersan integration of its CR with a fixed table
pased DR

n thismanner patient registration is performed only
once

Other systems may permit integration of CR images
Into DR system




Variation of Traditional two detector system

Quantum Medical + CMT Vertical Bucky

Two plates

but wall Bucky on atrack and
can be moved to position for
crosstablelateral lateral

receptor

Vertical Bucky can perform
upright and sitting views
(horizontal)




Other System Designs

e Single plate system capable of multiple motions

e Several different flavors




System Design Example

Moving stretcher and rotating
plate

Upright and table views

Vertical Horizontal

Moving stretcher not favored
by some technologists

a.Upright Imaging

=

b. With Imaging Stretcher




System Design

Canon hastethered flat panel

Robustly constructed plate with cable attached to
electronics

aced in table Bucky, or

aced in lateral cassette holder, or

aced in vertical Bucky




System Configuration

* Obvioudly different solutions

 Different factors




Patient Dose

AEC still employed

CR -- will need to consider photocell setting and
processing to account for lower efficiency of CR

Vendors may calibrate system in terms of Speed relative
to film/screen combination

Conventional AEC vsusing area of digital detector itself




Patient Dose

 What isa proper exposure?

e Noiseisan issue

 Nolonger have a density reference dueto large dynamic

range of digital receptors




Patient Dose

Dose | ndex?

CR -- each manufacturer has a different index that is
calculated for each exposure

DR -- relative exists and can be incorporated into
DICOM Header, not generally displayed

Histogram may be available showing digital range, but
may not be easlly viewable




Patient Dose

e Dosewill be quite dependent on efficiency of detector
system and processing

e Dose Creep can occur easlly




Quality Control

Previously QC involved processor, film storage, changes
In emulsion or chemistry

Digital system adds different complexity

Acceptance testing will incorporate the above in greater
detail aswell asinitial setup of processing and doses




Quality Control -- CR

Uniform sengitivity of plates
Plate uniformity (wear and tear)
Resolution (proper operation of reader)

Standard readout across different readers



Quality Control (DR)

Uniformity -- dead pixels
Contrast/Noise
Spatial resolution

Since all of the above depend on thereceptor, need to
monitor for possible changes




Routine QC Example

Simple Phantom

GE and othershave a
phantom that is used contrast

Acquire an image with a set
block of Aluminum

Acguire image of phantom
that dipsintothegrid slot

Number of objectstotest the

system
Pass/fail report




QC Display Monitor

e Technologists monitor needsto be calibrated to ssmilar
display characteristics as PACS

 Difficult to do astech monitorsare of lower quality




Conclusion

Availability of digital radiography will only increase

Due to expense, configuration important

Maintaining high quality and wor kflow efficiency

brings new challenges

Detailsto be covered in next set of presentations




