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absorbed radiation dose (D)
106-107
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differential 52-53
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principles 47-52
processes 47
see also attenuation
accreditation 146-149
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of Radiology
active area, flat panel
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ADC see analog-to-digital
conversion

adipose tissue, linear
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Al see artificial intelligence
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anodes 20-27
angle 24-27
focal spot 21-23, 25-27
half-value layer 51
orientation 19, 25
target materials 23-24
architectural distortion 124
arrays, flat panel
detectors 69-71
artifacts 143-144
artificial intelligence (AI) 151-161
computer vision 155-159
diagnosis 154, 158-159
image classification
153, 157-158
image enhancement 156
image reconstruction 154
image segmentation
154, 156-157
object detection 153, 157-158
personalized medicine 154-155
a-Se see amorphous selenium
As Low As Reasonably
Achievable (ALARA)
113, 145
attenuation
Compton scatter 49-50
differential 52-53
factors 49-52
half-value layer 50-52
photoelectric absorption 48, 50
principles 47-52
attenuation curves, filters 29-35
automatic exposure control
(AEC) 62-63
automatic filter mode 62

automatic kVp mode 62

automatic timer mode 62

average glandular dose see mean
glandular dose

average photon energy 33-35

B

background radiation 111-112
back projection 93-95
BCT see breast computed
tomography
beam attenuation 47-53
Compton scatter 49-50
factors 49-52
half-value layer 50-52
photoelectric
absorption 48, 50
beam divergence 6, 25
beam limitation see collimation
beryllium 27
bi-angle tubes 27
bias 18-20
bit depth 71
blooming 144
breast compression 40-41, 54
breast computed tomography
(BCT) 98-99
breast supports 41-42
breast tissue
half-value layer 51-52
linear attenuation
coefficients 4
photon interactions 46-47
Bremsstrahlung 22
Bucky factors 60
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CADe see computer-
aided detection
CADxX see computer-
aided diagnosis
calculation
effective dose 108-109
equivalent dose 107
mean glandular dose 109-111
photon energies 104
cathodes 16-20
emitted electrons 17-18
focusing cups 18-20
orientation 18, 26
power limits 18
CEDM see contrast-enhanced
digital mammography
certification 146-149
cesium iodide (CsI) 67-68
characteristic interactions 23
CIF see contrast
improvement factor
C/Kg see coulombs/kilogram
CNNss see convolutional
neural networks
CNR see contrast-to-noise ration
collimation 35-36, 54
compression 40-41, 54
Compton scatter 49-50
computed radiography (CR)
65-66
computed tomography (CT)
3,98-99
computer-aided detection
(CADe) 157
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computer-aided diagnosis
(CADX) 154, 158-159
computer vision 155-159
diagnosis 158-159
image enhancement 156
object classification
157-158
segmentation 156-157
continuing education 147-149
contrast 5, 52-62
air gap method 60-62
and collimation 54
and compression 54
detective quantum
efficiency 70-71
differential attenuation 52-53
exposure 62-63
grids 55-60
scattered radiation 53-54
contrast-detail phantoms
140-141
contrast-enhanced digital
mammography (CEDM)
6, 89-90
contrast enhancement 79
contrast improvement factor
(CIF) 59-60
contrast-to-noise
ration (CNR) 139
control, scattered radiation
53-54
convolutional neural networks
(CNNs) 152-159
concepts 152
diagnosis 154, 158-159
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convolutional neural networks
(CNNs) (contd)
image classification
153, 157-158
image enhancement 156
image reconstruction 154
image segmentation
154,156-157
object detection 153, 157-158
personalized medicine 154-155
copper filters 29, 31
coulombs/kilogram (C/Kg) 106
CR see computed radiography
Csl see cesium iodide
CT see computed tomography
currents, filament 6, 13, 18

D

D see absorbed radiation dose
D, see mean glandular dose
DAC see digital-to-analog
conversion
DBT see digital breast
tomosynthesis
deblurring 79
deep learning 153
diagnosis 154, 158-159
image classification
153, 157-158
image enhancement 156
image reconstruction 154
image segmentation
154, 156-157
object detection 153, 157-158
personalized medicine
154-155

detective quantum efficiency
(DQE) 70-71,137
detector-based artifacts
143-144
detector noise 135, 137
diagnostic artificial
intelligence 154
DICOM see Digital Imaging
and Communications
in Medicine
DICOM file format 75-76
differential attenuation or
absorption 52-53
digital breast tomosynthesis
(DBT) 6, 76,90-97,
114, 142
digital image processing
(DIP) 78-79, 135-136,
138, 144
Digital Imaging and
Communications in
Medicine (DICOM)
standards 72-73, 75-76,
82,110-111
digital radiography (DR) 3
digital stereotactic biopsies
86-88
digital-to-analog conversion
(DAC) 76
digital zoom 138
DIP see digital image processing
direct effects 104-105
direct flat panel detectors 68-69
display of images 76-82
digital processing 78-79
monitors 79-82
noise 135-136



display monitors 79-82
divergence 6,25
dose limits 112-113
dose reference levels (DRLs) 113
doses
geometry effects 36-37
see also radiation exposure
DQE see detective quantum
efficiency
DR see digital radiography
DRLs see dose reference levels
ductal tissues, linear attenuation
coefficients 4
dynamic range 71-72

E

edge enhancement 78, 131, 138

effective dose 108-109

effective focal spot size (EFFS)
19, 26, 128

electromagnetic (EM) energy
21-22

electronic noise 137

electronic zoom 78

emitted electrons 17-18

equipment-based artifacts 143

equivalent dose (H) 107

exit port 27

exposure modes 62

F

FFDM see full-field digital
mammography

fibroglandular tissue, linear
attenuation coefficients 4
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filament currents 6, 13, 18
filament temperature 13
file formats 75-76
filters 28-35, 51
flat panel detectors (FPD) 66-71
active areas 69-70
arrays 69-71
detective quantum
efficiency 70-71
direct 68-69
dynamic range 71-72
in-direct 67-68
focal spots 5-6, 21-23, 25-27
bi-angle tubes 27
effective sizes 19, 26
focusing cups 18-20
FPD see flat panel detectors
full-field digital mammography
(FFDM) 45-83
air gap method 60-62
attenuation 47-53
collimation 54
compression 54
DICOM file format 75-76
differential attenuation or
absorption 52-53
doses 114
dynamic range 71-72
exposure 62-63
grids 55-60
half-value layer 50-52
image display 76-82
image generation 71-76
image processing 78-79
image quality 125-126
image recording 64-71
metadata 75-76
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full-field digital mammography
(FFDM) (contd)
monitors 79-82
pre-processing 72-75
scattered radiation control
53-54

G

Gaussian Mixture Models
(GMM) approach 157
geometric magnification 38
geometric unsharpness
37,38, 129
geometry 36-39, 129
ghosting 143
global latitude reduction 79
GMM see Gaussian
Mixture Models
grays (Gy) 106-107
grid ratio (R) 58-59
grids 55-60
contrast improvement factor
59-60
high transmission cellular
56-58
linear 55-56
ratio 58-59
Gy see grays

H

H see equivalent dose
half-field geometry 39
half-value layer (HVL) 50-52
health risks 104-105, 115-116
heat units (HU) 20

high-density masses
122-123

high-frequency X-ray
generators 13-16

high transmission cellular
(HTC) grids 56-58

HTC see high transmission
cellular

HU see heat units

HVL see half-value layer

I

image classification
153, 157-158
image contrast 5, 52-62,
131-136, 138-142
image enhancement 78-79
image formation 45-83
air gap method 60-62
beam attenuation 47-53
breast computed tomography
98-99
collimation 54
compression 54
Compton scatter 49-50
contrast enhanced
mammography 89-90
DICOM file format 75-76
differential attenuation or
absorption 52-53
digital breast
tomosynthesis 90-97
display 76-82
dynamic range 71-72
exposure 62-63
generation 71-76



grids 55-60
half-value layer 50-52
image processing 78-79
metadata 75-76
monitors 79-82
photoelectric
absorption 48, 50
photon-counting
mammography 97-98
photon-tissue
interactions 46-47
pre-processing 72-75
raw 71
recording 64-71
scattered radiation
control 53-54
image generation 71-76
DICOM file format 75-76
digital breast
tomosynthesis 93
dynamic range 71-72
look-up-tables 72-75
pre-processing 72-75
image magnification 37-38,
60-62, 78
image processing 78-79,
93-97, 135, 144
image quality 121-150
artifacts 143-144
digital breast
tomosynthesis 142
image contrast 131-136,
138-142
noise 136-138, 138-139,
142, 145
relationships 138-142
requirements 122-124
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spatial resolution 126-131,
139-142
triangle 125-126
image reconstruction 154
image recording 64-71
arrays 69-71
breast computed tomography
98-99
detectors 66-71
digital breast tomosynthesis 93
history of 64-66
photon-counting
mammography 97-98
image
segmentation 154, 156-157
imaging geometry 36-37
indirect effects 104-105
in-direct flat panel
detectors 67-68
instrumentation 5-6, 9-43
annual tests 146
artifacts 143-144
breast supports 41-42
collimation 35-36
compression 40-41
exposure modes 62-63
filters 28-35
geometry 36-39
grids 55-60
magnification 37-38
overview 10-12
voltage ripple 14-16
X-ray generators 13-16
X-ray tubes 16-27
intensity 36-37
interpolation 80-81
interpreting physicians 147-148
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interspace material 56

iodine contrast 89-90

ionizing radiation 104-105,
115-116

K

K-edges 29-35, 89
kVp see peak kilovolts

L

linear attenuation coefficients 4

linear grid 55-56

line focus principle 26

line-pair phantoms 126-127

look-up-tables (LUTs) 72-75,
78,135

low-energy photons 28

LUTs see look-up-tables

M

magnification 37-38, 60-62,
78,129

mammary microcalcifications

(MCs) 5,123-124
mammograms 1-3
mammographers 147
Mammography Quality

Standards Acts (MQSA)

40-41, 82,113
mammography radiologists

147-148
manual mode 62
MCs see mammary

microcalcifications

mean glandular dose (Dg)
109-111
measurement, radiation
exposure 105-114
medical physicists 148-149
metadata 75-76, 110-111

microcalcifications 5, 123-124

modulation transfer
function (MTF) 140

molybdenum filters 29-34

molybdenum targets
20, 23-24

monitors 79-82

motion 130-131

mottle 137

MQSA see Mammography
Quality Standards Acts

MTF see modulation
transfer function

N

national dose levels 113

negative bias 18-20

nipple retraction 124

noise 136-138, 138-
139, 142, 145

noise reduction 79

nonuniformities 143

O

object detection 153, 157-158

object to image distance
(OID) 37-38, 60, 129

occupational exposure 112

OID see object to image distance



orientation
anodes 19, 24-27
cathodes 18, 19, 26
X-ray tubes 19, 25-26

P

patient dose 103-120
patient positioning 36-37
patient-related artifacts 143
PCM see photon-counting
mammography
peak kilovolts (kVp)
15% rule 33
automatic 62
definition 13
increasing 33-35
limiting factors 18
and waveform 14-16
penumbra 37
personalized medicine 154-155
personnel 146-149
phantoms 126-128
photoelectric absorption 48
photon-counting mammography
(PCM) 97-98, 114
photon energies 28-35, 104
photon-tissue
interactions 46-47
pixel counts 80-81
pixel sizes 81, 964
Planck’s equation 104
Poisson noise 137
polychromatic beams 28
population dose 112
power output 13
pregnancy 117
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pre-processing 72-75, 135

presentation LUTs 78

processing artifacts 144

production, X-rays 19, 22-23,
25-27

Q

QA see quality assurance

QC see quality control
qualifications 147

quality assurance (QA) 144-146
quality control (QC) 144-146

R

R see grid ratio

R see roentgens

radiation exposure 103-120
absorbed dose 106-107
background 111-112
effective dose 108-109
equivalent dose 107
health risks 104-105,

115-116

mean glandular dose 109-111
measurement 105-106
typical doses 111-114

radiation protection
principles 112-113
shielding 116-117

radiation-weighting

factor (W,) 107

radiologic technologists 147

radiomics 157

rads 10

raw images 71
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reconstruction, digital breast
tomosynthesis 93-95
recording images 64-71
requirements, image
quality 122-124
resolution 5, 26-27, 37-38,
70-71, 80-81, 126-131,
139-142
rhodium filters 29-34
rhodium targets 20, 24
roentgens (R) 106

S

scattered radiation 53-54,
133-135, 136-137
scatter fraction (SF) 53-54
scattering, processes 46-47
SDNR see signal difference-to-
noise ratio
secondary radiation 53-54
segmentation 154, 156-157
semantic segmentation 154
sensors, automatic exposure
control 63
SF see scatter fraction
shielding 116-117
SID see source-image distance
sieverts (Sv) 107
signal difference-to-noise ratio
(SDNR) 136
signal-to-noise ratio
(SNR) 70-71, 136
silver filters 29, 31-33
single-phase generators 13-15
skin dimpling 124
skin doses 37

slice-sensitivity profile
(SSP) 95-96
SNR see signal-to-noise ratio
SOD see source-object distance
source-image distance
(SID) 36-37
source-object distance
(SOD) 37, 60-62
spatial frequency restoration 79
spatial resolution 5, 26-27, 37-
38, 126-131, 139-142
SSP see slice-sensitivity profile
stereotactic digital imaging
biopsies 86-88
storage artifacts 144
subject contrast 52-53,132-133
Sv see sieverts

T

target/filter combinations
29-34, 51
targets
filter combinations 29-35
materials 20, 23-24
TFT see thin film resistor
thermionic emission 17-18
thin film resistor (TFT)
arrays 66-67, 69-70
three-phase generators 13-15
thyroid shields 116
tissue-weighting factors (w,)
108-109
tolerances, focal spot size 21
tomography 90-91
tomosynthesis see digital breast
tomosynthesis



trade offs 105, 115-116

transmission 46

tube current 13, 17-18

tungsten targets 20, 23-24

tungsten—thorium
filaments 16-18

U

unsharp masking 78
unsharpness 37, 38
US Mammography
Quality Standards Act
(MQSA) 40-41, 82,113

\

values of interest (VOI)
73-75

VOI see values of interest

voltage ripple 14-16

voltage waveforms 14-16

W

W, see radiation-
weighting factor
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w, see tissue-weighting factors
waveforms, voltage 14-16
windows, X-ray tubes 27

X

X-ray attenuation 47-53
Compton scatter 49-50
differential 52-53
factors 49-52
half-value layer 50-52
photoelectric absorption 48
principles 47-52

X-ray energies 23, 104

X-ray filters 28-35

X-ray generators 13-16

X-ray production 19,

22-23,25-27

X-ray tubes 5, 16-27
anodes 20-27
bi-angle 27
cathodes 16-20
focal spot 21-23, 25-27
half-value layer 51
orientation 19, 24-26
target materials 20, 23-24
windows 27






