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Averade Glanaular Dese

Required measurement perfermed by
medical physicist asipart off Mammoegdraphy
gualitysControl liests

Objective: o meastre the typical
entrance exposure fior an averadge patient
(@pproximately 4.3 cm compressed breast
thickness — 50% adipoese, 50% glandular
composition; torcalculate the associated
average glandular dese,




Prescribed Dose Measurement
Procedure

Phantom:

s Mammography: phanten (equivalent te
approximately 4.2 cm: compressed: breast
tissue — 50-50; compesition) or

= A phiantom; made; off either acrylic or BR-12
and consisting of at least; four 2 eém thick slalbs
to provide thicknesses of 2, 4, 6 and! 8' cm; of
inear dimensions representative of typical
breast sizes may be used: tor determine doses
for other breast thicknesses (optional)




Review of measurement procedure

Set-up for typical clinical
exam

s 4-6 cm breast thickness
(@verage; patient)

= |Load cassette
Position Phantom

= Centered Inago g
s AEC sensor centered under
pPhantom

Below Wax Insert

Position Ion Chamber

m Center 4 cm In from chest-wall
edge

a [op of chamber even with top
of phantom




Review of measurement procedure
cont'd

Compression’ Paddle
= 1N beam
s jUstiabove phantem and chamber

Select Tlechnigues

= kKVp

s [arget and Filter

sl As Used clinically
Measurements

s Record four exposures & mAs




Calculation of Dose

AGD = Average Glandular Dose mGy (or mrad)
f = Conversion factor (mGy/R or mrad/R)

X = Averaged Exposure Measurement (R)
Includes chamber corrections and inverse square scaling if necessary




f - Conversion Factor

PDEpends on’ X-ray: spectrtim), breast
composition and compressed breast

thickness;

Spectrumi affiected by:

s KVp
s [arget/Filter Combination

s Half-Value; lLayer




Glandular Dese Conversion Factors (mrad/R)
extracted from Table 1*




Sample Ca

Tiechnique fior 4: cm compressed Dra:
= 26 kVp, 100 mAs

Measured Exposure usingl Mo/Mo te
combination = 1.018 R

Measured HVL = 0.33 mm Al
.ook up: conversion factor:
168 mrad/R

1.71 mGy < 3 mGy per vie




ihe product ebtained represents the
Mean d0Se,; received by  the, glandular
tissue for' that! Specific energy, breast

composition), and compressed thickness
andi IS an approximation of: the actial.
patiefit doses




Options; at this point:

Proceed with the rest ofi the survey.

Performi additional dose measurements at
2, 4, 6, and 8 cm! thicknesses withi BR12

Do) these represent actial patient doses at
these compressed breast thicknesses?




EXpectations:
Changing thickness likely.

changes beam energy.
iesultsiinrdiffierent breast composition

rieguires additional tablesfior dose Conversion
factors

Options:

“Conversion| factors for other breast or phantom
thicknesses may: be found inithe articles by
Dance, by Wu et al., and by Sebol et al, ....




Where do these conversion factors
COme; frem; anyway?

A series off Monte Carle simulations in the
early: 1990's




Current Dosimetry Model (U.S.)
Wu et g/, 1991,1994: Soboll and Wu, 1997

s Physical dimensions
FDA medium breast (8 cm x 18 cm)

s Adipose, thickness; 0.4 cm,

a Fibroglandular Region:
\ariable thickness

Variable composition
glandular/adipose tissue

B Skin/Adipose
Fibroglandular




Table 2 Table 4

Glandular Tissue Dose (millirad) for 1-R Entrance Skin Exposure and 100% Glandular Tissue Dose (millirad) for 1-R Entrance Skin Exposure and 100%
Glandular Breast Adipose Breast
X-ray X-ray
Tube Voltage Compressed Breast Thickness (cm) Tube Voltage Compressed Breast Thickness (em)
(kVp)/HVL (EVp)/HVL
(mm Al) 3 4 5 [ 7 -] (mm Al) 3 4 5 6 7 8

23 23
0.24 136 100 78 63 53 46 0.24 207 163 132 110 a3 82
0.26 146 107 54 68 58 50 0.26 271 175 142 119 102 B9
0.28 157 115 a0 73 62 53 0,28 236 187 152 128 109 95
0.30 167 123 96 79 L1 57 0.30 251 190 163 136 117 101
0.32 177 131 102 84 70 61 0.32 265 211 173 145 124 108
0.34 188 139 109 89 75 64 0.34 250 223 183 153 131 114

25 25
0.26 151 112 87 71 60 52 0.26 227 180 147 123 106 92
0.28 161 119 93 76 64 55 0.28 241 192 157 132 113 98
0.30 171 127 99 B1 68 59 0.30 255 203 166 140 120 104
0.32 181 134 105 86 73 63 0.32 268 214 176 148 127 111
0.34 191 142 111 a1 77 6t 0.54 282 226 186 156 134 117

2?0.36 201 149 117 96 81 70 0.36 206 237 195 164 141 123

27

0.28 165 122 9% 78 \ 66 57 0.28 245 195 160 135 115 101
0.30 174 130 102 83 6, 70 61 030 258 206 170 ] e 122 107
0.32 184 137 108 \ 74 64 0.32 271 217 179 129 113
0.34 194 144 114 78 3] 0.34 285 229 188 136 119
0.36 203 152 119 83 71 0.36 208 240 198 67 143 125
0.38 213 159 I@Q 03 7 75 0.38 311 251 : 175 150 131

29 29
0.30 177 132 \l B85 72 62 0.30 26l 209 145 125 109
0.32 187 139 6 0 90 76 B 0.32 274 181 153 132 115
0.34 196 | 47 116 95 80 69 0.34 287 191 161 138 121
036 05 Q) 121 100 84 73 0.36 29 Q 200 169 135 127
0.38 217 1 127 104 88 76 0.38 31 3 209 177 152 133
0.40 2@ 169 133 109 92 RO M{}.ﬂ) Q 263 218 185 159 139

) |
0.31 % 138 109 89 25 65 0.31 217 179 151 130 114
0.33 145 115 94 80 69 0.33 2 27 188 159 137 120
0.35 203 152 120 99 A4 i 0.35 295 238 197 167 144 126
0.37 212 160 126 104 B8 76 0.37 307 249 206 175 150 132
0.39 221 167 132 109 92 80 0.39 320 259 215 182 157 138
0.41 231 174 138 113 96 83 130.41 332 270 224 190 164 144

i3 k
0.32 190 143 113 93 79 68 0.32 277 224 185 157 135 118
0.34 200 150 119 98 B3 72 0.34 290 234 194 164 142 124
0.36 209 158 125 103 87 75 0.36 302 245 203 172 149 130
0.38 218 165 131 108 91 79 0.38 315 256 212 180 155 136
0.40 228 172 137 113 96 83 0.40 327 266 221 188 162 142
0.42 237 179 143 118 100 86 350 42 339 277 230 19 169 148

35
0.33 197 148 118 o7 82 "1 0.33 285 231 191 162 140 122
0.35 206 156 124 102 86 75 0.35 297 241 200 170 147 129
0.37 215 163 130 107 91 79 0.37 310 252 209 178 154 135
0.39 225 170 136 112 95 82 0.39 322 262 219 186 161 141
0.41 234 178 142 117 99 86 0.41 334 273 218 194 167 147
0.43 243 185 148 122 104 90 0.43 347 254 237 2m 174 153

Note.— Dases are in conventional, not 51, units, Conversion factor: 1 mrad /R = 38.8 mGy /(C/kg). Note.—Doses are in conventional, not 51, units. Conversion factor: 1 mrad (R = 38 8 mGy /(Ckg).

Wu X, Barnes GT, Tucker DM. Radiology. 1991; 179: 143-148.




Table 3

Glandular Tissue Dose (millirad) for 1-R Entrance Skin Exposure and 50%
Adipose, 50% Glandular Breast

X-ray
Tube Voltage Com pressed Breast Thickness (cm)
(kVp)/HVL
(mm Al) 5 [

(]
(=]

100 82
107 88
115 95
123
131 108
139

EBERERER

112
119
127
134
142
149

[ =]
o oococo 'soccoe
L

]
=]

122
129 1
137 @ 96
144 101
152 (hs 107
139 132 112
&2’ 109 a3
@d 9 115 93
146 121 103
154 127 108

161 134 114
168 140 119

0.30
0.32
0.34
0.36
0.38

171 137 114 97
180 145 120 102
189 152 126 107
197 159 132 113
206 166 138 118
215 174 144 123

177 143 119 101

186 150 125 106 92
195 157 131 112 97
203 164 137 117 102
212 172 143 122 106
m 179 149 127 111

183 148 123 105 a1
192 155 129 110 9%
201 163 136 116 101
210 170 142 121 105
218 177 148 126 110
227 185 154 132 115

ssscfoooo:
g4y BE2a

o=
o
=

MNote.—Doses are in conventional, not 51, units. Conversion factor: 1 mrad /R = 38.8 mGy /(C/kg).

Wu X, Barnes GT, Tucker DM. Radiology. 1991; 179: 143-148.




Similar tables are provided: for:

Mo/ Mo Tiarget filter' combinations
Mo/RiarTlarget flter’ combinations
RiyRATarget filter combinations
W/AISFarget filter combinations




ACR dosimetry measurements are
Intended to

measure the typical entrance exposure for an
60% average patient and to calculate the associated
average glandular dose.

e the; basis for determining patient specific
de glandular dese. .
e an adequaterradiation output rate of

Mammography. X-ray: systems,
Measure the typical entrance;exposure; and
dveragde; dose! delivered te)an achylic phantom.

10% Previde; dosimetry data for the, EDA NEXT
Program.

0%

10%




Entrance exposure to glandular
dose conversion factors listed in

can be a g to I\B/'@ﬁu%antoms

Browdmg 2 4 6 and & cm simulated
réast thickness.

alie applicable to only.the ACR

[IIEIIROgrelOrY Orlzifitorsl,

czlfl D2 LUsed to rlecermme d( Se using
VGBIV Ry ORI/ RIS Erg et filter
ComBINAtoNS:

arercevelopeairomimeastred patient cdata

are"pbaseduponMente Cariorsimulations or
an idealized breast anatomy.




Extension to other cases:

Appropriate; dose conversion factors may.
e ebtalned for:

= BR12 off diffierent thicknesses using the
previous; table.

s Other compositions ofi glandular and adipese
tissues by interpoelation; between: the values
provided onithe previous' tables.




Glandular:Adipese compostion

Pepulation exhibits a bread distribution of
LISSUE; compesItions

ihe glandular:adipose; percentage Is a
function off multiple variables:

s Compressed breast thickness

s Age

s [ndividuall variation
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Mean Breast Thickness (cm)

Adapted from Geise and Palchevsky,Composition of
mammographic phantom materials,Radiology 1996,
198:347-350.




Expectations (Variable glandularity):

Glandular tisste hasi greater density: than
adipoese tiSsue

Eor breast off same thickness, Increased
dlandularity’ (percentage; of glanaular
tissue) willf reguire

s dl greater phototimed mAs

= d greater delivered dose




120
115
110
105

ﬁmo

95
90
85
80 | | | | |
0%  20%  30%  40%  50%  60%

Glandularity

Argo et al., Tissue equivalent phantom series for
mammography dosimetry, JACMP, 5,4,112-119
2004.




Expectations (variable thickmness):

[FOr Increased! thickness (constant
dlandularity)r phetetimed mAs will
INEreased entrance exposure anad mid-line

dose.

BUt generallys Increased compressed
thiCkmess correlates with decreased
dlanaularity

Effiects on dose?




o
Ul

Average Glandular Dose (mGy)

o

e=70% (1.86 cm)
e 60% (2.57 cm)
50% (3.36 cm)

40% (4.2 cm)

e 30% (5.39 cm)
= 20% (6.96 cm)
e ACR (4.2 M)

Argo et al., Tissue equivalent phantom series for
mammography dosimetry, JACMP, 5,4,112-119
2004.

29 30 31




Substantial differences; in dese 6ccur as a
function! off Varyingl breast thickness and

COMPOS

O Quite
than t

[tion.

DOSSIDIY a factor off two; larger or smaller
nat predicted by the 4.2 cm

cdCCHEC

= [he 4.

tation phantem:

2. ¢m accreditation responds more; like a
4 cmi and 40% glandular tissue.




[For a given compressed: breast
thickmess the average glandular
dose

increases with increasing % glandularity.
decreases withiincreasing Y%, glandularicy.
IS Independent: ot Y% glandularity.
iéachesia minimumi at 50%: glandularity:
iéaches a maximum: at 50%0 glandularity .




The average glandular dese firom
photoe-timed exposures is denerally.
observed to

be independent of half-value-layer.

be Independent: of compressed breast
thickness.

INCrEase WItHNRNCrEaSING COMPrESSEHbIEast
CRICKNESS;

decrease with Increased compressed! breast
thickness.

decrease withiincreased glandular/adipose
tissue raties.




The 4.2 mm; ACR phantom has a
radielegical response closest to

d 2 cm breast of approximately 20%
dlandularity:

- a2 cm breast of approximately: 5025

dlandularity:

Acmbreast oifappreximatel 4055
dlanauiarty

a4 c¢m breast of approximately: 70%
dlandularity:

an 8 cmi breast: off approximately: 20%
glandularity.




Real Patient Distributions

Pistributions of thickness andl glandularity.
wWill result in dose; distributions.

Study: performed by BeEnevides examined
~1 35000 patients




Distribution; of Compressed Breast Thickness
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The distribution shows that:

Tihere is a broad distrbution:in
compressed breast thickness aboeut 4.2
cm.

Tihe, compressed thickness diffierss between
CC and MLO: views.

Mean €€ breast thiICKAESS) may. be; Closer:
to 5cm




GgEIiGigLY

METHOD MEAN + 6 (%)
ACR Bl RADS 46.70 + 18.40
Plarnirnstry SR - 16,10
Histograrr 29.80 & 17 5¢
Tube Loading 47 90 + 66.60
ERIESMODITE AP0 - 21.70
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The distribution shows that:

T

g
=

1ere IS al broad! distribution: ofi
andularity

1€ mean glandularity isi closer ter 40%

(thani the 505 suggested by the
dccreditation phantom)

Based on| this study ai 5 cm|, 40%
glandular — 60% adipose phantom would
be more representative; off this population.




Effects on the Glandular Dose

Tihe, distributions off compressead thickness
andi glandularity, combine terresultiin a
distribttieon in'mean glandular doses to
the pepulation




Average Glandular Dose

[ 1 BRTESMOD
ACR BI-RADS
Histogram
B ACR Standard
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“Average patient dose

Tihe systemsiused! in these, studies predicted an
average glandular dose to the 4.2 em
dccreditation phantomi of 1.75 mGy.

ihe mean ofi the predictedl distribution Is higher,
2.4 mGy

ihe distribution off doses is broad

A porition of the pepulation receivesi average
dlandular doses exceeding 3 mGy.




Conclusions

Standard dese measurement: preVvides)a
MEANS O comparing standard eutput:

Individuglf patient deses  can vary,
significantly fromi the standard dose
MEasUEMEL.

EVen “averadge patient dose; may. diffier
andt s a fFUnction off SpECITic Examination
popUlations.
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Mammoegraphy: Pepulation

Miean Age
s 54 £ 12 years

BI-RADS Assessment
categories
= 57% (1), 43% (2)

Age Group (years)




Glandularity
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30-39 40-49 50-59 60-69 70-79

Age Group (years)

Error bars are standard error




