
CONTENTS

THE INTERNATIONAL COMMISSION ON RADIATION UNITS AND MEASUREMENTS 3

CONTENTS 5

ABSTRACT 13

PREFACE 15

EXECUTIVE SUMMARY 19

1 INTRODUCTION 21

1.1 Preamble 21
1.2 Chest radiography in clinicalpractice 21
1.3 Production of chestradiographic images 21

1.4 Considerationsof basicimage quality 22
1.5 Image qualityand observer performance 22
1.6 Laboratory assessment ofimage quality 22
1.7 Field assessment ofimage quality 22
1.8 Scope of the report 22
1.9 Limitationsof the report 23
1.10 Terminology 23
1.11 Comments concerning the references 23

2 CHEST RADIOGRAPHY IN CLINICAL PRACTICE 25

2.1 Introduction 25
2.2 The chestradiographicimage 25
2.2.1 Basicconsiderations 25
2.2.2 Accessibleanatomy 25
2.2.3 Accessiblephysiology 26
2.2.4 Accessiblepathology 27

2.2.4.1Infectiousand inflammatorydisease 27
2.2.4.2Neoplasticdisease 27

2.2.4.3 Cardiacand pulmonary vasculardisease 28
2.2.4.4Trauma 28

2.2.5 Selectionofviews 28

2.2.6Interpretationoftheexamination 28
2.3 Indicationsfor chestradiography 29
2.3.1 Symptomaticpatients 29



2.3.1.1 Cardiacdisease 29
2.3.1.2Aorticdisease 29
2.3.1.3Pulmonary embolism 29
2.3.1.4Haemoptysis 30
2.3.1.5 Chesttrauma 30
2.3.1.6Pneumothorax 30
2.3.1.7COPD and airwaydisease 30
2.3.1.8Lower respiratorytractinfection 30
2.3.1.9Tuberculosis 30
2.3.1.10Occultinfection 30
2.3.1.11Neonatesand children 30

2.3.2 Asymptomaticpatients 31
2.3.2.1Preoperativechestradiographs 31
2.3.2.2Occupationallung disease 31
2.3.2.3Tuberculosis 31
2.3.2.4Screeningforlung cancer 32
2.3.2.5Post-operativeand intensivecarepatients 33
2.3.2.6Tumour responseand metastaticdisease 33
2.3.2.7Children 34

2.4 Radiography in chestimaging 34
2.4.1 Historicalperspective 34
2.4.2 Chestradiographyforprimary diagnosis 34
2.4.3 Chestradiographyleadingtoothermodalities 35
2.4.3.1Computed tomography 35
2.4.3.2Magneticresonanceimaging 35
2.4.3.3Ultrasound 35
2.4.3.4Nuclearmedicine 36

3 PRODUCTION OF CHEST RADIOGRAPHIC IMAGES 37

3.1 Radiography of the chest 37
3.1.1 X-rayinteractions 37
3.1.2 Basicschema forchestradiography 37

3.2 Radiographic equipment 37
3.2.1 X-raytube 38
3.2.1.1X-rayspectra 38
3.2.1.2Focalspot 38

3.2.2 Generator 38
3.2.2.1Filamentcircuit 38
3.2.2.2Timer circuit 38
3.2.2.3High voltagegenerationcircuits 39
3.2.2.4Generatoroperatingparameters 39

3.2.3 Filtration 40
3.2.4 Scatterrejection 40
3.2.4.1X-raygrids 40
3.2.4.2Airgap method 41
3.2.4.3Slitradiography 41
3.2.4.4Otherconsiderations 41

3.2.5 Recordingsystems 42
3.2.5.1Screen-filmsystems 42
3.2.5.2Photofluorography 43
3.2.5.3Digitalradiography 43

3.3 Radiographic technique 43
3.3.1 Anatomicalconstraintson technique 43
3.3.2 Standard technique 43
3.3.2.1Grid technique 44

3.3.2.2Non-gridtechnique 44
3.3.3 Airgap technique 45
3.3.4 Portabletechnique 45
3.3.5 Alternativestoconventionaltechniques 45
3.3.5.1Veryhigh-voltagetechnique 45
3.3.5.2Equalisationtechniques 45
3.3.5.3Multiplesimultaneousradiography 45

3.4 Supplemental procedures 46
3.4.1 Fluoroscopy 47
3.4.2 Conventionaltomography 47

3.5 Patient positioning 47
3.5.1 StandardPA and lateral 47
3.5.2 Specialviews 47
3.5.3 Portablepositioning 47

3.6 Patientradiationdose 48
3.6.1 Basicconsiderations 48
3.6.2 Doselevelsin chestradiography 48

4 CONSIDERATIONS OF BASIC IMAGE QUALITY 51

4.1 Radiographic transfercharacteristics 51
4.2 Large-area transfercharacteristics 51
4.2.1 Contrastdefinitions 51
4.2.2 X-rayspectra 51
4.2.2.1Voltageeffects 51
4.2.2.2Filtrationeffects 51
4.2.2.3Considerationsin chestradiography 52

4.2.3 Scatterrejection 52
4.2.3.1Effectsofscatter 52
4.2.3.2Scatterlevelsin chestradiography 52
4.2.3.3Considerationsin chestradiography 53

4.2.4 Recordingsystemresponse 53
4.2.4.1Characteristiccurve 53
4.2.4.2Contrastand latitude 53
4.2.4.3Detectorenergydependence 54
4.2.4.4Considerationsin chestradiography 54

4.2.5 Digitaleffects 55
4.2.5.1Recordingand display 55
4.2.5.2Considerationsin chestradiography 55

4.2.6 Patientconsiderations 55
4.2.7Interplayoffactors 56
4.2.7.1Combining transfercharacteristics 56
4.2.7.2Considerationsin chestradiography 56

4.3 Spatialdetailtransfercharacteristics 56
4.3.1 Parametersforspatialdetailtransfer 56
4.3.1.1Spreadfunctions 56
4.3.1.2Modulationtransferfunction 57

4.3.2 Recordingsystemeffects 57
4.3.3 Geometriceffects 58
4.3.3.1Focalspotconsiderations 58
4.3.3.2Exposuregeometry 58

4.3.4 Motion 58
4.3.5 Digitisationeffects 58
4.3.6Interplayoffactors 59
4.3.6.1Combining transfercharacteristics 59
4.3.6.2Considerationsin chestradiography 59



4.4 Noise transfercharacteristics 60
4.4.1 Parametersfornoiseassessment 60
4.4.1.1Standard deviationofintensityvalues 60
4.4.1.2NoiseWienerspectrum 60

4.4.2 Recordingsystemeffects 61
4.4.3 X-rayspectrumeffects 61
4.4.4 Scattereffects 61
4.4.5 Digitisationeffects 62
4.4.6 Otherdigitaleffects 62

4.5 Image detailin radiography 62
4.5.1 Detectivequantum efficiency 62
4.5.2Interplayoftransfercharacteristics 63
4.5.3 Considerationsin chestradiography 63

4.6 Image presentation 63
4.6.1Image display 64
4.6.1.1Hard-copydisplay 64
4.6.1.2Soft-copydisplay 64
4.6.1.3Image processing 65

4.6.2 Viewingconditions 65

5 IMAGE QUALITY AND OBSERVER PERFORMANCE 67

5.1 Evaluation of observer performance 67
5.1.1 Phantom studies 67
5.1.1.1Simplephantoms 67
5.1.1.2Anthropomorphicphantoms 67

5.1.2 Hybridimage production 68
5.1.2.1Photographicimage simulations 68
5.1.2.2Digitalimage simulations 68

5.1.3 Clinicalstudies 69
5.1.3.1Depictionofnormal anatomy 69
5.1.3.2Depictionofpathology 69

5.1.4Image gradingand observerperformance 69
5.1.4.1Subjectiveevaluations 69
5.1.4.2Simpleobserverperformancemeasures 69
5.1.4.3ROC analysis 69

5.2 Abnormalities on chestradiographs 70
5.2.1 Categoriesoffindings 70
5.2.1.1Extendedfeatures 70
5.2.1.2Linearfeatures 70
5.2.1.3Calcification 70
5.2.1.4Image texture 71

5.2.2Image qualityeffects 71
5.2.2.1Large-areatransfereffects 71
5.2.2.2Spatialdetail 72
5.2.2.3Noise 72

5.3 Benefitsof high-qualityimages 72
5.3.1 Transfercharacteristicsand image detail 72
5.3.2 Diagnosticbenefits 72
5.3.2.1Depictionof normalanatomy 73
5.3.2.2Mediastinalabnormalities 73
5.3.2.3Small extendedabnormalities 74
5.3.2.4Linearabnormalities 76
5.3.2.5Calcifications 77
5.3.2.6Depictionof texturalabnormalities 77

5.4 Effectsdue to human observers 78
5.4.1 Earlyclinicalobservations 78
5.4.2 The idealobserver 78
5.4.3 Limitationsofhuman observers 78
5.4.3.1Visualresponse 78
5.4.3.2Visualsearch 79
5.4.3.3Perceptionerrors 80

5.4.4 Limitationsand human observers 80
5.5 Structurednoise and conspicuity 80
5.5.1 Complexityofchestimages 80
5.5.1.1Sourcesand effectsofcomplexity 80
5.5.1.2Structurednoise 81
5.5.1.3Conspicuity 83

5.5.2 Effectson observerperformance 83
5.5.2.1Conspicuitymeasuresand observerperformance 83
5.5.2.2Image qualityand conspicuity 83

5.6 Optimisation of chestradiography 83
5.6.1 The examinationas a whole 84
5.6.2 Chestradiographyforspecificindications 84
5.6.3 Optimisationin termsofradiationdose 84

6 LABORATORY ASSESSMENT OF IMAGE QUALITY 85

6.1 Laboratory assessment ofimage quality 85
6.1.1Importanceand rationale 85
6.1.2 Limitationsoflaboratoryassessment 85

6.2 Large-area transfercharacteristics 85
6.2.1 Measurement ofX-rayspectra 85
6.2.2 Measurement ofscatter 86
6.2.3 Recordingsystemsensitometry 86
6.2.3.1X-raysensitometry 86
6.2.3.2Lightsensitometry 86

6.2.4 Digitalconsiderations 87
6.2.5 Displayconsiderations 87

6.3 Spatialdetailtransfercharacteristics 87
6.3.1 Recordingsystemmeasurements 87
6.3.1.1Edge and slittechniques 88
6.3.1.2Digitalconsiderations 88

6.3.2 Geometriceffects 89
6.3.3 Scatteredradiation 89
6.3.4 Displayconsiderations 89

6.4 Noise transfercharacteristics 89
6.4.1 Determinationoftransfercharacteristics 90
6.4.2 Measurement ofnoiseproperties 90
6.4.3 Artifacts 90
6.4.4 Aliasing 90

6.5 Signalto noisein chestradiography 91
6.5.1 DeterminationofNEQ and DQE 91
6.5.2 Applicationsin chestradiography 91

6.6 Observer performance 92
6.6.1 Simple measurements 92
6.6.2 ROC analysis 92

6.7 Modelling of the radiographic process 93
6.7.1 ModellingX-rayinteractions 93
6.7.2 Modellingtheimage 93
6.7.3 Modellingtheobserver 94



7

FIELD
ASSESSMENT
OF

IMAGE
QUALITY
95

7.1
Laboratory
versus

field
assessments
95

7.
1.1
Goals

of
assessments
95

7.1.2

Scope
of
field

assessments
95

7.1.3

Relevance
of
field

assessments
95

7.2

Test
object
assessment

of
image
quality

95
7.2.1
Basic

considerations
95

7.2.2
Types

of
test
object

96
7.2.2.1
Test

objects
for
large-area

transfer
characteristics
96

7.2.2.2
Test
objects

for
detail
96

7.2.2.3
Anthropomorphic
test

objects
96

7.2.3
Test

object
scoring
97

7.2.4
Digital
considerations

97
7.3
Large-area

transfer
characteristics
97

7.3.1
Practical
assessment

of
transfer
characteristics

97
7.3.1.1
Generator

and
tube
assessments
97

7.3.1.2
Processor
assessment

98
7.3.1.3
Assessments

with
phantoms
98

7.3.2
Approaches
to

quality
control
99

7.4
Spatial
detail

transfer
characteristics
99

7.4.1
Testing
considerations
99

7.4.2
Assessments
with

phantoms
99

7.4.3

Focal-spot
measurements
100

7.5
Noise
characteristics

100
7.5.1
Testing

considerations
100

7.5.2

Assessments
with
phantoms

100
7.6
Clinical
assessment

of
image
quality

101
7.6.1
Rationale

for
clinical
assessment

101
7.6.1.1
Patient

variability
101

7.6.1.2

Criteria
for
clinical

assessment
101

7.6.2

Additional
criteria
for
clinical

image
assessment
102

7.6.2.1
Large-area
considerations

102
7.6.2.2
Spatial

detail
considerations
102

7.6.2.3
Noise
considerations

102
7.7
Technical

versus
clinical
field

assessment
102

APPENDIX
1:

PORTABLE
CHEST
RADIOGRAPHY

103
A1.1
Introduction

103
A1.2
Positioning

103
A1.3
Technical

parameters
103

A1.3.1

Voltage
103

A1.3.2

Tube
current
and

exposure
time
103

A1.3.3

Imaging
geometry
103

A1.4
Scatter
and

grids
104

A1.5

Image
receptors
104

APPENDIX
2:
EQUALISATION

TECHNIQUES
IN
CHEST

RADIOGRAPHY
107

A2.1

Introduction
107
A2.2
Basic

techniques
107

A2.3

Scanning
equalisation
108

A2.4
Variable
attenuators

109
A2.5
Receptor

considerations
109

APPENDIX

3:

DIGITAL

CHEST

RADIOGRAPHY

111

A3.1

Introduction

111

A3.2

Digital

image

acquisition

111

A3.2.1

Storage

phosphor

computed

radiography

111

A3.2.2

Selenium

drum

detector

112

A3.2.3

Flat

panel,

solid

state,

electronic

detectors

113

A3.2.3.1

TFT

direct

conversion

detectors

113

A3.2.3.2

TFT

indirect

conversion

detectors

114

A3.2.4

Charge-coupled

devices

114

A3.2.5

Film

digitisers

114

A3.3

Digital

image

display

115

A3.3.1

Hard-copy

display

115

A3.3.2

Soft-copy

display

115

A3.4

Picture

archiving

and

communication

systems

115

APPENDIX

4:

COMPUTER

BASED

IMAGE

INTERPRETATION

117

A4.1

Introduction

117

A4.2

Image

processing

techniques

117

A4.2.1

Dual-energy

imaging

117

A4.2.2

Temporal

subtraction

117

A4.3

Computerised

analysis

of

chest

radiographs

119

A4.3.1

Computerised

detection

of

lung

masses

119

A4.3.2

Computerised

assessment

of

interstitial

diseases

119

A4.3.3

Image-quality

requirements

119

A4.4

Computer

aided

diagnosis

119

A4.4.1

Presentation

of

information

120

A4.4.2

Clinical

efficacy

120

APPENDIX

5:

COMMERCIAL

CHEST

RADIOGRAPHIC

PHANTOMS

121

ABBREVIATIONS

AND

UNITS

USED

IN

THIS

REPORT

125

GLOSSARY

OF

IMAGING

TERMS

127

REFERENCES

131

CORRIGENDA―DETERMINATION

OF

OPERATIONAL

DOSE

EQUIVALENT

QUANTITIES

FOR

NEUTRONS

(ICRU

REPORT

66)

167


	page1
	page2
	page3
	page4

