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Advertencia:
-~

Spanglish

From Wikipedia, the free encyclopedia

spanglish — also called espanglish, espaninglish el spanish broken, inglafiol, or
espan'glés, a blend of the English-language words for "Spanish” and "English” — 15 a
name used to refer to a range of language-contact phenomena, primarily in the speech of
the Hispanic population of the United States, which is exposed to both Spanish and
English. These phenomena are a product of close border contacts or large hilingual
communities, such as along the United States-Mexico border and throughout Southern
California, northern New Mexico, Texas, Florida, Puerto Rico, and in Mew Yark City.




Dose Ratios and MU Calculations

Our Goals:

Actually understand
things like PDDs,
Inverse Square,
TMRs, Scatter
Factors, and other
such physics terms ...

And then be able to
use them in

calculations of
Not as scarzfas you think! accelerator monitor-
units



Obijectives

Understand the basic concepts underlying radiation
dosimetry

Recognize the fundamental quantities that are used

to describe these basic radiation dosimetry concepts

Apply radiation dosimetry concepts and quantities
in calculations of dose in clinical radiation-oncology

practice situations




Clinical Dosimetry

Fundamental Quantities MU Calculations
Think measurements Apply measured data
made in a water to clinical dose
phantom calculations
Define quantities: the Specifically — calculate
ratio of doses at two the monitor-unit setting
points: one point on the treatment unit
different than the other that will deliver an
because of distance, intended dose

depth, and conditions of
scatter



The next couple of hours
—

o First talk about how we
characterize dose
deposition in a medium
... ‘dosimetry” (dose
ratios)

1 Then talk about dose-
calculation methods ...
Perform an accelerator
monitor-unit (MU)
calculation




Sample Dose Calculation Problem

A patient’s whole brain is to be treated.

The is 300 cGy per fraction, (10
fractions, 30 Gy total dose).

Radiation and technique are 6 MV x rays, parallel-
opposed right and left lateral fields

Prescribed dose is to isocenter.
Fields are 20x18, mlc-shaped

The patient set up for isocentric treatment at mid-
brain, lateral separation 16 cm



A word about the dose prescription

Clearly define the dose prescription:

Treatment site (e.g. R Lung and mediastinum, L Breast)
Total dose to the site (including all boost fields)

Dose per fraction

Number of fractions

Fractions per day (and per week)

Type and energy of radiation (e.g. 6 MV x rays)
Technique and number of fields (e.g. ?-field IMRT)
Prescription point, surface, or volume

Special instructions (e.g. daily kV, bolus)



Who else thinks this is a pretty cool
Google Logo?
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Beam Data (Measured Dose Ratios
—

1 Quantitative description of
the dose characteristics of
the therapy beams

All units

L[]
All energies
Varian 2100 6MV Scatter Factors S S,

-1 Each machine and energy PoebepdDos |t 5 s, |

Varian 2100C

6MV PDD Open Unwedged Field 5 0962 0983
° ° feldsize(cm) 40 50 60 80 100 120 150 180 200 220 6 0975 0986
dmax(cm) 15 1s 15 15 1S 14 14 14 13 13 8 0989 0.993
as ITS corresponding set o st o oo w0
15 1000 1000 1000 1000 1000 1000 $99 97 97 12 1.008 1.006
20 987 988 & 988 985 987 987 986 981 984
30 %2 M4 946 948 948 948 950 9 947 ;5 jiel 1913
40 891 898 902 907 %6 %9 911 911 911 0 1030 1023
50 842 847 858 864 856 870 873 873 674 25 1.038 1.031
eql I l a q 60 793 801 815 821 827 832 836 836 838 30 1.049 1.035
70 Hr 17 71 781 786 793 799 799 802 40 1.061 1.040

8.0 705 TS5
9.0 665 675
10.0 626 636

732 742 749 756 762 764 767 . e
693 704 711 721 728 731 734 737 743 747 750
655 ARR ATZ ARA AO4 AGR TAA TA4 TR TIE TiR

L4 10 590 600 61 Tissue Maximum Ratio
achine Data Boo
130 521 831 5 = %
140 491 501 5 MV TMR Open Unwedged Field 100cm SAD

49 fieldsize(cm) 40 S0 60 S0 100 120 120 180 200 220 250 300 30 400
46 dmax(em) 15 15 1§ 15 15 14 14 14 13 13 13 13 12 12

15.0 462 411
16.0 434 s

“G | ” 17.0 409 418 43 depth (em)
CI 180 185 194 I 15 1000 1000 1000 1001 1001 1001 1001 1901 1001 1601
D O en qtq eT 19.0 %3 372 39 20 0556 0599 0599 0559 0598 0598 0597 0997 0597 0897
20.0 42 351 37 20 0968 097 0975 0976 0977 0978 0979 0979 0979 0580 0581
210 22 11 35 40 0934 3 0548 0551 0953 0955 0957 0958 0959 0560 09563
20 303 312 33 S0 0897 0918 0523 0526 0930 0933 0935 0937 0939 0582
00 287 294 31 60 0350 0338 0855 0500 0506 0510 0912 0914 0517 052
240 211 218 29 70 ons 4 0857 0865 0872 08579 0835 0838 0891 089 0899
25.0 255 262 2 80 0791 0827 0837 0844 0353 0859 0843 0866 0871 087

60 241 247 254 2% O 0759 0796 0808 0SI6 0827 0835 0839 0843 0549 0856



Beam Data: Beam Characteristics

1 Measured data:

1 Statement of calibration

m How is machine calibrated?

o1 Percent Depth Dose (PDDs)

m TMRs are then calculated from
PDDs

= Profiles
m Off-Axis Ratios

o1 Output Factors

1 Transmission Factors

® Wedges and other attenuators



Beam Data

- What's in the
machine data

books?

Varian 2100 6MV Scatter Factors S, S

Field Size) S,

S, |
N4~ 0951 0979
5 0962 0983
6 0975 0986
8 0989 0993
10 1.000  1.000
12 1008  1.006
15 1021 1013
20 1030  1.023
25 1038  1.031
30 1.049  1.035
40 1061  1.040

6 MV PDD
6MV TMR
field size (cm) 4.0 5.0
d-max (cm) 15 15
depth (cm)

15 1.000 1.000
2.0 0.996 0.998
3.0 0968 0971
4.0 0.934 0.939
5.0 0.897 0.905
6.0 0.860 0.870
7.0 0.825 0.836
8.0 0.791 0.804
9.0 0.759 0772
10.0 0.727 0.739
11.0 0696 0.709
12.0 0.665 0678
13.0 0636 0.649
14.0 0.609 0.621
15.0 0583 0.5%4
16.0 0.556 0.568
17.0 0532 0544
18.0 0510 0.521
19.0 0489 0499
20.0 0467 0477
21.0 0.447 0456
22.0 0429 0437
23.0 0412 0419
24.0 0.394 0401
25.0 0379 0385
26.0 0.362 0.368
28.0 0332 0337
30.0 0.306 0.310
32.0 0280 0284
35.0 0250 0253

Percent Depth Dose
Varian 2100C
Open Unwedged Field

Tissue Maximum Ratio
Varian 2100's
Open Unwedged Field

6.0
15

1.000
0.999
0972
0.943
0910
0.878
0.844
0.813
0.781
0.750
0.719
0.689
0.660
0.632
0.605
0.579
0.555
0.531
0.509
0.487
0.466
0.446
0.427
0.409
0.392
0.375
0.344
0316
0.290
0257

8.0
15

1.000
0.999
0974
0.948
0918
0.888
0.857
0.827
0.796
0.766
0.736
0.707
0.679
0.651
0.624
0.598
0574
0.551
0.528
0.505
0.484
0.464
0.444
0.426
0.408
0.3%0
0.359
0.330
0.303
0.268

10.0
15

1.000
0.999
0.976
0.951
0.923
0.895
0.865
0.837
0.808
0.77

0.750
0.721
0.694
0.666
0.640
0614
0.590
0.567
0544
0.522
0.500
0.480
0.460
0.441
0.423
0.405
0.373
0.343
0316
0.280

12.0
14

1.001
0.999
0977
0.953
0.926
0.900
0.872
0.844
0.816
0.788
0.760
0.732
0.706
0.679
0.653
0.628
0.604
0.581
0.558
0.536
0515
0.494
0474
0.455
0.437
0419
0.386
0.356
0.328
0.290

15.0
14

1.001
0.998
0978
0.955
0.930
0.906
0.879
0.853
0.827
0.800
0.774
0.746
0.721
0.695
0.670
0.645
0.621
0.598
0.576
0.554
0.533
0512
0482
0473
0.455
0.437
0.403
0372
0344
0.305

18.0
14

1.001
0.998
0.979
0.957
0.933
0.910
0.885
0.859
0.835
0.809

20.0
1.3

1.001
0.997
0.979
0.958
0.935
0.912
0.888
0.863
0.839
0.814
0.790
0.764
0.740
0.716
0.691
0.667
0.644
0.621
0.600
0.578
0.557
0.537
0517
0.498
0.480
0.461
0.427
0.395
0.366
0.326

220

13

1.001
0.997
0.979
0.959
0.937
0.914
0.891
0.866
0.843
0.319
0.795
0.770
0.746
0.722
0.698
0.674
0.651
0.629
0.607
0.586
0.565
0.545
0.525
0.506
0.488
0.470
0.435
0.403
0374
0334

25.0
1.3

1.001
0.997
0.980
0.960
0.93%
0.917
0.8%4
0.871
0.849
0.825
0.802
0.777
0.754
0.731
0.707
0.684
0.661
0.639
0.618
0.597
0.576
0.556
0.536
0.517
0.499
0.481
0.446
0414
05384
0.344

100cm SAD
30.0 350 400

13 12

1.001 1.001
0.997 0.997
0981 0982
0.963 0.963
0542 0946
0.921 0.924
0.869 0.903
0.877 0.882
0.856 0.862
0.833 0.839
0811 0818
0.787 0.795
0.7, 0.773
0.742 0.751
0.719 0.729
0.697 0.707
0674 0.685
0653 0.664
0632 0644
0611 0.623
0.591 0.603
0571 0584
0552 0565
0533 0545
0515 0527
0496 0.509
0462 0475
0430 0443
0399 0412
0.358 0.370

12

1.001
0.997
0.983
0.967
0.948
0.928
0.906
0.886
0.867
0.845
0.824
0.801
0.780
0.75%
0.737
0.715
0.694
0.674
0.653
0.633
0.613
0.594
0.575

35.0

12

99.6
982
94.9
91.5
88.0
84 .4
81.0
7.7
747
715
58.4
65.4
62.6
59.9
57.2
54.6
52.1
19.8
475
45.3
132
413
394
375
35.7
341
30.9
28.1
255
221
191

100cm SSD

40.0

12

99.6
98.1
95.0
916
86.2
84.7
81.3
78.2
75.0
7138
68.8
65.8
63.0
60.3
57.7
551
526
503
45.0
4538
438
4138
39.9
38.1
36.3
346
314
286
26.1
225
19.6



The Definitions of Field Size

]
1 Many details
How defined? ...
SSD, SAD

® Field size at what
distance? ...
beam divergence

How produced? 77} // )
: BRI
Y/ /e A%
. . G AT, I AT
jaws, multi-leaf W 2 I
/ ./.'-/-'/// /—} Woter’//

collimator



The Definitions of Field Size
-

I Where defined?

o Think ... at what
distance is field size

defined?
o1 For SSD geometries

m Field size defined at
surface (e.g. PDD)

o1 For SAD geometries

® Field size defined at
axis (at depth, e.g.
TMR)




Field Size: Equivalent Square

Data are measured for e

Squqrefields :A:E-:z4o 8 10 12 4 16 18 20 2 24 28 2 %
20
27 40

For rectangular or other a1 48 80

f. I d gg gg ;g gﬁs 100

€108, USE - HEHM B,
“ . ” 40 66 89 108 127 143 157 169 180
The “equivalent square 40 63 91 113 133 151 168 183 1oy 209 20

41 68 92 1156 135 154 17.2 188 203 21.7 229 240

o 41 69 93 116 137 157 175 192 209 224 237 249 260
Is the size of the square 41 69 94 117 138 159 178 196 213 229 244 257 270 280
. 41 69 94 117 139 160 180 199 217 233 249 264 27.7 200 30,
fleld ThCﬂ' pl‘od uces The From Hospital Physicists' Association. Central axis depth dose data for use in radiothe!

. Br J Radiol 1978;(suppl 11).
same amount of attenuation

and scatter (same PDD and

OF) as the given field
Rectangular fields are often approximated by square fields having equivalent

N ormal |y repre sented b)’ the attenuation and scattering characteristics - the “Equivalent Square”. The side, a, of the
equivalent square of a rectangular field of length L and width W can be approximated

“side” of the equivalent by
square

KHAN TABLE 9.2




Dose Ratios Concepts:

Distance and Depth
- STANCE NG L CPM

1 Distance

o How far away
from the source

o Inverse Square

-1 Depth

o How deep in
absorber (water,
patient)

1 Attenuation

o Note Difference !

1 Commonly
confused

Distance




Distance, Depth, and Scatter

How does the dose at Point P /\/ Point Q
point P differ from _
that at point Q¢ 7(‘. \

Point P farther away

Inverse square

Point P deeper SN ' \2.

/L . P [ —Df“Jz Ks(rp) M@_ ’ X(e—p(dp—dg)-)
ttenuation DQ KS(rQ) f+dP

Field size at Point P ' / ' f

larger

Scatter Distance Attenuation

More scatter



- 1D Dose Distributions

Dosimetry Concepts in 1 Dimension



Percent Depth Dose (PDD)

PDD Notes

The differences in dose at
the two depths, dy and d,
are due to:

Differences in depth
Differences in distance

Differences in field size at
each depth (scatter)

Field size is defined at
the surface of the
phantom or patient

e éollinator
Central Axis

" Surface
Phantom

PDD = Dd/ Ddo



PDD: Depth and Energy
Dependence

PDD Curves - Characteristics
Note change in depth of d_ .

Can characterize beam quality (energy) using
PDD at 10-cm depth

3.0 mm CuHVL

100
Build-up

Region 80

60

40
What leads 3.0 mm Cu HVL S
to Build-up 20 ;
Effect?

Depth in Water (cm)




PDD Build-up Region

Kerma to dose
relationship
Kerma and dose represent
two different quantities
Kerma is energy released
Dose is energy absorbed

Build-up region produced

Absorbed Dose or Kerma

by forward-scattered Byild- up

electrons that stop at

deeper depths

Areas under both curves Depth

dare equal Figure 9.4. Schematic plot of absorbed dose and kerma as functions of depth:



PDD: Distance, Depth, Scatter

Note that in mathematical description of PDD:

Inverse-square (distance) factor
Dependence on SSD

Attenuation (depth) factor

Scatter (field-size) factor

P(d,r,f) 100x [f+dm) -x e_‘u(d- dn) x K

| f+d
- / f
Exponential Scatter
Inverse-Square : -
: Attenuation Build-up
(Distance) Factor (Depth) Factor Factor




PDD: Effect of Distance

Effect of inve rse-squdre THE PHYSICS OF RADIATION THERAPY
term on PDD '8
1.6
As distance increases,
. . 1.4
relative change in dose .
rate decreases (less steep gr
slope) g 'r
Less Inverse-Square effect £0°0
This results in an increase in Toer
PDD (since there is less of 0.4 |-
a dose decrease due to 0.2 |-
distance), although the U TR N R N N SR SR B

0 20 40 60 80 100 120 140 160 180 200
actual dose rate decreases Distance From Source




PDD Example

PDD = Dd/ Dudo

Dd = Daox PDD

Dd¢ =200x0.668 =133.6

6MV PDD

field size (cm) 4.0 5.0 6.0
d-max (cm) 1.5 1.5 1.5
depth (cm)

1.5 1000 1000 100.0
98.7 988 98 9

o1 If the dose ina 10x10 cn'i2 figtd: ot
the depth of d__
SDD is 200 cGy, wha’r is ’rHe dose
at a depth of 10 cm?

84.7 854

L in wa’rero 100 emo

747 757 T76.7

68.6
10.0 62.6 63.6 64.6
11.0 53.0 600 61.0
12.0 b5 564 575
13.0 521 531 542
14.0 491 501 511
15.0 462 471 481
16.0 434 444 454
17.0 409 418 429
18.0 385 394 405
19.0 363 372 382
20.0 342 351 359
21.0 322 3321 339
22.0 303 382 39
23.0 287 294 301
24.0 271 278 285
25.0 255 262 269
26.0 241 247 254
28.0 214 221 227
30.0 191 197 203
32.0 17.0 176 181
35.0 144 149 153
38.0 122 126 13.0

Percent Depth Dose

Varian 2100C
Open Unwedged Field

8.0 10.0 120 150 18.0 20.0
15 15 14 14 14 13

1000 1000 1000 1000 999 997
988 989 987 987 936 984
946 948 948 948 950 949
90.2 90.7 906 909 911 911
858 864 866 870 873 873
815 821 827 832 836 836
771 781 786 793 799 799
732 742 749 756 762 764

693 704 711 721 728 731
65.7_5 686 694 698
619 632 642 653 662 665

585 599 608 621 629 634
553 566 578 530 539 604
522 536 548 561 570 575
493 507 519 532 542 547
465 480 491 505 515 520
439 454 465 48.0 489 494
415 429 441 455 465 470
392 406 418 432 442 447
370 384 395 410 420 426
350 363 375 388 399 404
330 344 355 368 379 384
312 325 336 349 360 365
295 308 319 331 342 3438
279 2971 304 314 325 3341
264 275 285 298 308 314
236 247 256 268 278 283
211 221 230 241 251 256
18.9 199 207 217 226 232
16.1 169 17.7 186 195 199
136 144 151 159 167 171

22.0

13

89.7
984
94.7
911
874
83.8
80.2
76.7
734
70.0
66.9
63.8
60.9
58.0
553
526
50.0
476
453
431
41.0
39.0
371
353
336
320
289
261
236
203
17.5

99.7
983
948
91.2
87.6
84.0
80.5
()
73.7
704
67.3
64.3
61.3
58.5
558
53.2
50.7
483
46.0
4338
417
39.7
378
36.0
342
325
295
26.7
242
209
18.0

100cm SSD

30.0 350 40.0
12 1.2 12

995 996 996
983 982 981
949 949 950
9t4. 515 3816
878 88.0 882
843 844 847
80.7 81.0 813
775 7717 782
743 747 750
70 715 718
68.0 684 688
649 654 658
62.0 626 63.0
59.2 599 603
56:5 572 5T
539 546 551
515 521 526
491 498 503
468 475 480
446 453 4538
425 432 438
405 413 4138
386 394 399
368 375 381
351 357 363
334 341 346
303 309 314
275 281 286
249 255 261
216 221 225
186 191 196



The Mayneord F Factor
== (no longer a mystery)

o1 The inverse-square term within the PDD
PDD is a function of distance (SSD + depth)

PDDs at given depths and distances (SSD) can be corrected to produce
approximate PDDs at the same depth but at other distances by applying
the Mayneord F factor

= “Divide out” the previous inverse-square term (for SSD,), “multiply in” the new
inverse-square term (for SSD,)

“““ T B chuinnd S | have a patient set up at 120
cm SSD, but | only have 100
cm SSD PDD tables ...

Surface o h

(B

SSD>+d m% o

D>+d
SSDI + d max
SSD1+d

Phantom



The Mayneord F Factor

Mayneord F — Example SSDZ‘dezV >
Previous Problem F = SSD>+d

SSD] +dmax
100 SSD, 10x10, depth 10 SSDi+d
PDD was 0.668

Now assume 120 SSD ...
Divide out 100 SSD, d,,

inverse square, and multiply 7 ///‘“;::::::‘:xis
quk in ]20 SSD, d-lo /Surface

inverse square:

'(21.5130) |
A

©L5/ ’

110~

Phantom

x 0.668 = 0.685




TAR: A traditional yet useful quantity
=

- The TAR ...

Developed for isocentric s
treatments |

The ratio of doses at two
points:

Q Equidistant from the sourcD

® That have equal field sizes at
the points of calculation

Equilibruim
Mass

Phantom

m Field size is defined at point :' s oo e . -===
of calculation :

Relates dose at depth to
dose “in air” (free space)

m Concept of “equilibrium

mass" TAR = Da / Drs

Need for electronic
equilibrium — constant
Kerma-to-dose relationship



PSF (BSF): An extension of the TAR

The PSF (or BSF) is a special
case of the TAR when dose in air
is compared to dose at the ’ Same a8

BACKSCATTER FACTOR (BSF)

depth (d_ . ) of maximum dose PEAKSCATTER FACTOR (PSF)
At this point the dose is
maximum (peak) since the TAR, = Dy/D,;
contribution of scatter is not Special case: _
offset by attenuation TAR,., = D,./D, = PSF |

The term BSF applies strictly to
situations where the depth of
d .. occurs at the surface of the

phantom or patient (i.e. kV x
rays)




PSF Details: Energy and Field Size
=

71 In general, scatter
contribution decreases as
energy increases

1 Note: 15

Scatter can contribute as
much as 50% to the
dose a d_,, in kV beams

The effect at °Co is of
the order of a few 12
percent (PSF °°Co

10x10 = 1.035 1.1

Increase in dose is 0 ! L1
greq.l.es.l. in qu”er fields 0.1 0.2 .04 060810 2.0 40 60 10 1520
(no’re 5X5 .I OX] O cmd Half-Value Layer (mm Cu)

’ I

20x20)

2

13 = 100 em?

Backscatter Factor

680 Co
(14.8 mm Cu)




TPR and TMR: More current quantities

Similar to the TAR, the TPR
is the ratio of doses (D

and D) at two points -

equidistant from the |

—SOU rce R e B o | : I .
Only attenuation by depth

Field sizes are equal
differs

The TMR is a special case TPR = Dd/ Dro

of the TPR when t, equals
the depth of d_

Again field size is defined
at depth of calculation




TMR (and PDD) vs. Field Size:

== Scatter contribution vs. field size
1 The TMR (or TAR or PDD)

for a given depth can be 1

plotted as a function of

field size -
Shown here are TMRs at 1.5, T
5.0, 10.0, 15.0, 20.0, 25.0, : ]
and 30.0 cm depths as a M 1T T |
function of field size R —] T T

1 Note the lesser increase in = —

TMR as a function of field

size
This implies that differences in 0-040 100
scatter are of greater | Eield] S |

significance in smaller fields
than larger fields,



TMR / PDD / TAR Relationships

[

do
// /I /J
7 7 /7 /I
To /// Ny ',.
/ 4
/
T ’/ f

/(///////, S/ ,}/ 2R

Fig. 2.1 Diagram illustrating relationships between ab-
sorbed doses used in forming percentage depth dose, tissue-air

- ratio and tissue-phantom ratio. All three radiation beams are
‘identical except that the one on the left irradiates air only while
the other two irradiate a water phantom. Tissue-air ratio, 7, is
the absorbed dose at a point such as X divided by that at X'.

. Percentage depth dose, P, is the absorbed dose at X divided by
/ thatat Y, expressed as a percentage. Tissue-phantom ratio, Ty, is
- the absorbed dose at X divided by that at X”. T, is the tissue-air
ratio at the depth of the peak absorbed dose and I is the inverse

Square relationship. From: ICRU 14

| Air



TMR / PDD Relationship

2

PDD =TMR (

SSD+d__, ]
SSD+d /

/’ iy [”"‘ . . '/ s
’ f iy 7 F N .

B e 4 AP 5 , S
4 / ’ 4,/"// .’,’ Y X ,'//1 v
- YA AL N )
' 7 7 ././/' 2 //_/ i 2 xll / ’.// ¢
’ i PSSy A Y y/, /)

/ S %

iy 111/ ] 1t el d 4
}-/’ 'Woter///, YETIE P ///,/ A Woter 7/ /




Scatter Factors

Characterize scatter

Scatter factors
describe field-size
dependence of dose
at a point

Often wise to

separate sources of
scatter

Scatter from the head
of the treatment unit

Scatter from the
phantom or patient

Measurements
complicated by need
for electronic
equilibrium

SAD

_reference
field

é a
w 1 » i
t i ~reference 't 1 /reference
i/ field i/ field "
A — Field Size B  — Field Size i

Figure 10.1. Arrangement for measuring S, and S;,,. A, Chamber with build-up cap in air to
measure output relative to a reference field, for determining S, versus field size. B, Mea-
surements in a phantom at a fixed depth for determining S, versus field size. Reprinted with:
permission from Khan FM, Sewchand W, Lee J, Williamson JF. Revision of tissue-maximum;
ratio and scatter-maximum ratio concepts for cobalt 60 and higher energy x-ray beams. M
Phys 1980;7:230.

S¢ = collimator scatter factor
S, = phantom scatter factor

Khan



Transmission Factors: Wedges

Beam intensity is also
affected by the
introduction of beam
attenuators that may be
used mOdIf)’ the beam’s Varian Clinac 2100C SN 241

. . MUSC
shape or intensity 11/12/98

Wedge Transmission Factors

Dependence on Depth and Field Size

Such attenuators may be
plastic trays used to support 2100C 6X 45 Wedge
field-shaping blocks, or 9520

physical wedges used to 0510 | Hop g yi—x :Z:
modify the beam’s intensity g-:’gg I : ' | ﬁ' e

The transmission of iEn B 415
o o —¥—d20

radiation through 0.470

attenuators is often field- B0 wuh BRATID0 |, Ao e Eee D

size and depth dependent
Wedged field PDDs




The Dynamic Wedge

Wedged dose distributions
can be produced without
physical attenuators

With “dynamic wedges”, a
wedged dose distribution is
produced by sweeping a
collimator jaw across the field
duration irradiation

The position of the jaw as a
function of beam irradiation
(monitor-unit setting) is given
the wedge’s “segmented
treatment table (STT)

The STT relates jaw position to

fraction of total monitor-unit
setting

Y, AY

Fic. 2. An illustration of symmetry in a dynamic wedge treatment. Shown
are jaw positions for two configurations during the sweep phase correspond-
ing to a displacement of AY from the open fieid positicns of (a) the moving
jaw and (b) the fixed jaw.

Gibbons




Off-Axis Quantities

To a large degree, quantities
and concepts discussed up to
this point have addressed
dose along the “central axis”
of the beam

It is necessary to characterize
beam intensity “off-axis”
Two equivalent quantities are
used
Off-Axis Factors (OAF)
Off-Center Ratios (OCR)

These two quantities are
equivalent

3 2

Relative Dose
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5 3
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OAF(X,d) = Dd, x/ Dd,0

where x = distance off-axis




Off-Axis Factors: Measured Profiles

Off-axis factors are extracted from measured profiles

Profiles are smoothed, may be “symmetrized”, and are
normalized to the central axis intensity




Off-Axis Factors:

Typical Representations

OAFs (OCRs) are
often tabulated and
plotted versus depth
as a function of
distance off axis
Where “distance off
axis” means radial

distance away from the
central axis

Note that, due to beam
divergence, this
distance varies with
distance from the
source

Depth Off-Axis "Tangent”
0.00 | 0.01 | 0.02 | 0.03 \ 0.04 | 0.05 | 0.06 | 0.08 | 0.10
Off Axis Distance (at 100 cm field-size definition distance)
0 0 [T 3 4 5 —&— | 10
1.7 1.000 | 1.007 | 1.012 | 1.020 | 1.028 | 1.035 | 1.040 | 1.046 | 1.051
5 1.000 [ 1.009 | 1.016 | 1.023 | 1.030 | 1.035 | 1.037 | 1.041 | 1.045
10 1.000 1.007 1.013 1.020 1.024 | 1.024 1.025 1.025 1.024
15 1.000 1.001 1.007 1.011 1.015 | 1.016 1.015 1.011 1.003
20 1.000 [ 1.003 | 1.007 | 1.011 | 1.012 | 1.014 | 1.009 | 1.001 | 0.988
25 1.000 | 1.003 | 1.005 | 1.005 | 1.006 | 1.007 | 1.001 | 0.986 | 0.971
30 1.000 | 1.004 | 1.006 | 1.008 | 1.008 | 1.006 | 0.998 | 0.981 | 0.963
Varian 2100C SN 241 6 MV Open-Field Off-Axis
Factors
1.05 —
1.04
1.03 —e— Depth 1.7
5 1.02 — * —a— Depth 5.0
g 101 ﬁ"/"\ —a— Depth 10
3% ;gg ] i Depth 15
5 0.8 N~ —»— Depth 20
0.97 —e— Depth 25
0.96 —— Depth 30
0.95
0.00 0.02 0.04 0.06 0.08 0.10

Off-Axis "Tangent"




Off-Axis Wedge Corrections

Descriptions vary of off-axis

IntenSITy In Wedged flelds ‘Distance 15 Wedge 30 Wedge 45Wedge 60 Wedge
. . ) Off-Axis OCAWC OAWC OAWC OAWC

Measured profiles contain both Toe S0 1088 1200 1343 157
open-field off-axis intensity as 4200 0% r08 1181 132
. . -3.000 1.025 1.092 1.155 1.273
well as differential Wedge 2500  1.024 1.076 1.427 1.220
. e -2.000 1.013 1.059 1.104 1.171
transmission 4500  1.015 1.042 1.074 1125
-1.000 1.010 1.027 1.051 1.075

We have defined off-axis oaa__ 1o 1om 1000 ioon
. 0.500 0.997 0.988 0.980 0.958
wedge corrections as 1.000 0.980 0.976 0.953 0.922
. . 1.500 0.971 0.957 0.924 0.881
corrections to the central axis 2000 090 0% 03 0847
3000  0.942 0.904 0.875 0.779
Wedge factor . 3.500 0.935 0.899 0.843 0.750
. . . . . ' 4,000 0.929 0.884 0.823 0.716
Open-field off-axis intensity is 5000  0.923 0.855 0.785 0.664
| Heel 6.000 0.906 0.837 0.744 0.607

divided out of the profile

'Off-Axis Distance defined at the isocenter

The corrected profile is
normalized to the central axis
value



Dose Ratios: What have we learned
e

-1 PDDs and TMRs o Almost halfway there ...

=1 One has inverse square
and the other does not

1 Field Size
= At what distance

o1 Equivalent square

1 Scatter Factors

1 From accelerator head

o1 From phantom (patient)



- 2D Dose Distributions

Combine 1D Dosimetry Concepts



Family of Beam Profiles
—

Relative dose [%]
1 1 1 T

11 Consider beam profiles |
acquired at multiple
depths

80

1 Can combine these “
profiles with a central-

40

axis PDD scan to :
- -

produce a series of gl

“isodose curves” - -
-10.00 —5.00l e 0.00| i 5.00l . L]O.OO

Crossplane [cm]

Figure 111 Graphic representation of several measured beam profiles of the type often
entered into a treatment planning computer. The illustration shows a number of
profiles made along lines perpendicular to the central axis at several depths in a water
phantom.



lsodose Curves
N

1 lsodose curves are “lines”
connecting equal intensities
or doses

o Commonly normalized to d_
along central axis

o Characteristics
= Flatness
= Penumbra
= Penetration

o1 Depth of Dose Maximum




Wedged-field Isodose Distribution

IOW X i0; 45° WEDGE

Wedge angle defined LR N
5 1& o |

af
Depth of 80% (old
definition)
At 10 cm depth (new IEC WS e

definition)

8\5‘\ oQ

AR

Distribution can be
normalized to d

max

central axis of wedged
field

Sometimes normalized to
open field

e '8 &




lsodose Curve Summation: Parallel

Opposed Fields
e B ———

Hourglass
Shape




Parallel Opposed Fields
-

o |
g :2I5: :2l5: \J \1
'7’/447747/»»
’,’ééif.”u
%g/ 190
L\L{ /215\ [215)

Flg 1110 Composite isodose distribution for a palrolpa allel opposed fields. A, Each bea mls

given a wlghloHOOallh depth of Daa.. B, Isocentrdc plan with e chbeamwighldloo at the
isocenter.

What are percent doses at midplane and at exit?



Two Pairs of Parallel Opposed
== Fields

7 Using two pairs of
parallel opposed fields
at 90 degrees to each
other results in
peripheral doses on
the order of only 60-
70 percent of the
isocenter dose

1 The four-field box




Three Field Beam Arrangement

Increased avoidance of
critical structures can also be | i
achieved using a three field

technique

Three fields can introduce .
challenges into daily setup, 3
however:

Table rail obstruction for beam A TN,
entry

Center spine obstruction for port
filming



Combinations of Wedged Fields

0 co 80cm SAD TREATMENT PLANS

we:t:1 we:l:0:1:1
4%* WEDGE ANTERIOR OBLIOUE 45° WEDGE OBLIOUE - LATERAL OPEN

Wr:-1:1 1
LATERAL OPEN

Figure 8-14 Diagram showing isodose distribution of
various treatment techniques from T1 glottic carcino-
ma. (See text for optimal plans.)



Penumbrae

Physical Penumbra

Is the region of the
beam not irradiated by
entire source

Accelerator source
diameter is about 2 mm

Depends on source size,
distance from the source
to beam-definition
device, and distance

from source fo Figure 4.12, Diagram (or calculating geometric penumbra.
measurement plane



Penumbrae Pre—

A source collimator
treatment distance (SCD)
head 40 cm

Penumbrae of radiation - K
jaws
beams include scatter as bocktay e [ |1 s
blocks ] 65 cm
well as physical Hockiry
characteristics s

source skin distance

from blocks ' (SSD) 100 cm

Common definition is distance

patient
between 80% and 20% e 100 mm
. /(/;7'”“&&&
ISOdOSG % Blocks or beam attenuators that may be placed in the x-ray beam. =
R 0.8 7
Typical (corrected *) . /
penumbrae depend on g o :
% 0.5 ;
energy, and depth 3 //
3'6 mm 80%'20% o3 / CCO1 unshifted
0.2 ’ // -CC04 unshifted
* corrected for detector o 7 Dl ushied
response — — T ]
-26 -24 -22 -20 -18 -16 -14 -12 -10 -8

Crossline position (mm)

Schinkel, and others ...



A “Physics Joke”

Be rational
Get real

\l\lll J()}\l \




Intermission
N

1 Take a brief break

1 Don’t go too far!
1 Stand up
(1 Stretch
1 Is this OK ... ¢¢

1 “Dose Calculations”
is next




- Dose Calculations

Calculation of linear accelerator monitor-unit
(MU) settings to deliver a prescribed dose



Problems
N

3. Find x.

3cm



Our Sample Problem

A patient’s whole brain is to be treated.

The prescribed dose is 30 Gy total dose, 300 cGy
per fraction, 10 fractions, 5 fractions per week.
Radiation and technique are 6 MV x rays, parallel-
opposed right and left lateral fields; prescribed
dose is to isocenter.

Fields are 20x18, mlc-shaped

The patient set up for isocentric treatment at mid-
brain, lateral separation 16 cm



First rule of dose calcs ...
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Make a picture

Now ... let’s reason this through ..



Output: From Relative Dose Ratios

to Absolute Dose
-~

1 Standard calibration geometry

The geometry used to determine the dose output of the treatment

unit

m Treatment units are calibrated such that their absolute dose is known at a
single point (the calibration point) in a predetermined (standard) geometry

m Calibration geometries are SAD Calibration and SSD Calibration

U {Isocen ter) P

SAD Ta SSD
— @ v = ==

Calibration dror ) Calibration
max .




Introduction

Standard calibration point and geometry (SAD)

For linear accelerators in the Department of Radiation
Oncology, University of Maryland School of Medicine,
and commonly elsewhere, this point is located atd___ in a
water phantom, 100 cm SAD, along the central axis of an
open 10x10 field.

The unit is calibrated such that a dose equal to 1.0 cGy is
delivered to this point per 1 Monitor Unit (MU) setting




Introduction

Standard calibration geometry (SSD)

Other radiation oncology centers, UT M.D. Anderson
Cancer Center for example, use an SSD calibration
geometry

At these centers, this point is located at d___in a water
phantom, 100 cm SSD, along the central axis of an
open standard field, most commonly the 10x10 field.

At this point (note — farther from the source), the unit is
calibrated such that T monitor unit (MU) is equal to 1.0
cGy



Introduction

Corrections to standard geometry

At depths other than d__ , distances other than the standard SAD
or SSD, and for field sizes other 10x10, and points off of the
central axis, corrections become necessary

Depth corrections are PPDs or TMRs,

Distance corrections are Inverse-Square corrections, and

Field-size corrections are Scatter Factors.

Corrections for points away from the central axis of the beam are
Off-Axis Factors

Corrections are also necessary to account for transmission through

beam attenuators such as wedges

These corrections are given in tabulated beam data where
relationships to the standard geometry have been established



Corrections to standard geometry: Summary

Depth corrections

Field-size corrections

Distance corrections

Off-axis corrections

Attenuation corrections

PDD, TAR, TMR

Output (scatter factors)
S; S, Sc

Inv. Sq.
“SAD” or “SSD” Factors

OAFs

WFs, TFs, etc.



Formalism

In general, the dose (D) at any point in a water phantom can be
calculated using the following formalism:

D=MUxOxOFx1Sgx DDF x OAF x TF

where:
MU = monitor-unit setting
O = calibrated output (cGy/MU)
OF = output (scatter) factor(s): S, and S, or S;
ISqg = inverse-square correction of output (as needed)

DDF = depth-dose factors (PDD, TMR, or TAR)
OAF = off-axis factors
TF = transmission factors



SAD Beams / SAD Calibration

When the treatment unit is calibrated in a “SAD” geometry, then
for “SAD” (isocentric) beams, the formalism becomes:

D=MU xScxSpxTMRxOAF xTF

where it is assumed that output (scatter) factors are given by S. and

Sy, and where it is also assumed that the calibrated output = 1.0
cGy/MU at the SAD.

Note that no inverse-square term is needed since the distance to the
point of dose normalization is equal to the distance to the point of dose
calibration (i.e. both the point of dose normalization and the point at
which output is defined are the same).




SSD Beams / SAD Calibration

When the treatment unit is calibrated in a “SAD” geometry, then
for “SSD” beam calculations, the formalism becomes:

D =MU x Scx Spx PDD x 1Sgx OAF x TF

where the inverse-square factor accounts for the change in output
produced by the differences in the distances between the source
and the point of calibration (SCD) and between the source and the
point of normalization (SPD)

>
150 = eC[%PD /



Formalism Notes: Inverse Square

The inverse-square term of the SSD Beams / SAD Calibration
equation accounts for the decreased output that exists at the
increased SSD + d__  distance relative to the output that exists

max

at isocenter (where the machine output is 1 cGy/MU).

Since the point of dose normalization (SSD + d_ ) is further away
from the source than is the point of dose definition (isocenter), the

inverse square term is a factor < 1.0

For SAD = 100 cm treatment units, and 6 MV x rays, this inverse-
square term is:

2 2
1Sq = Fsap — ssp = QC%PD = (0%00 157 0.971

Note that this inverse square term corrects the treatment-unit’s
dose output




SSD Beams / SSD Calibration

When the treatment unit is calibrated in a “SSD” geometry, then
for “SSD” beams, the formalism becomes:

D=MUxScxSpx PDDxOAF xTF

Again, note that no inverse-square term is needed since the
distance to the point of dose normalization (SSD + d__ ) is equal to
the distance to the point of dose calibration.

max




SAD Beams / SSD Calibration

When the treatment unit is calibrated in a “SSD” geometry, then
for “SAD” (isocentric) beams, the formalism becomes:

D =MU x Scx Spx ISgx TMRx OAF x TF

where again the inverse-square factor accounts for the change in
output produced by the differences in the distances between the
source and the point of calibration (SCD) and between the source
and the point of normalization (SPD):

>
150 = QC%PD /

The inverse-square correction in this case is a factor > 1.0, since
isocenter is closer to the source than is 100 SSD + dmax.



Formalism Notes: Field Sizes

Field sizes, unless otherwise stated, represent collimator

settings
For most accelerators, field sizes are defined at 100 cm

(the distance from the source to isocenter)

For SSD beams, field sizes are defined at the surface (normally 100 cm
SSD)

For SAD beams, field sizes are defined at the depth of dose calculation
(normally 100 cm SAD)

For field sizes at distances other than 100 cm, field sizes
must be computed using triangulation:

FSssp, d = FS100 x QSD—I_%OO/



Formalism Notes: Field Size Details

Scatter Factors, PDDs, TMRs

Sc is a function of the collimator setting

Sp is a function of the size of the field:
at the phantom surface for SSD beams
at the depth of calculation for SAD beams
PDDs are a function of:

field size at the phantom surface (SSD beams}

TMRs are a function of:
field size at depth (SAD beams)



Formalism Notes: Prescribed Dose

In general, one wishes to compute the MU setting necessary to
deliver a certain dose to a defined point.

This dose is “prescribed”, and

Its value must be known at the point of calculation.

When fields are combined to produce a prescribed dose at a
point, the doses from each field are computed from the
relative weights of each field.

Thus, if a dose D, is prescribed through multiple fields i each having a
relative weight wt, then the dose D, from each field is:

Di = Drxx %iwt



Formalism: Summary

For SAD beams and SAD calibration:

Di
ScxSpPxTMRxOAF xTF

For SSD beams and SAD calibration:

MUi =

Di

MUi =
Scx Spx 1Sgx PDD x OAF x TF



Back to our Sample Problem ...

A patient’s whole brain is to be treated.

The prescribed dose is 30 Gy total dose, 300 cGy
per fraction, 10 fractions, 5 fractions per week.
Radiation and technique are 6 MV x rays, parallel-
opposed right and left lateral fields; prescribed
dose is to isocenter.

Fields are 20x18, mlc-shaped

The patient set up for isocentric treatment at mid-
brain, lateral separation 16 cm



Sample Problem
=

H H 6MV TMR Open Unwedged Field
u FII’ST CompUTe eqUIVCIIenT SqureS fieldsize (cm) 4.0 50 60 80 100 120 150 180 200
. dmax(em) 15 15 15 15 15 14 14 14 13
of the fields: "%
~ ~ 15 1000 1000 1.000 1.000 1000 1.001 1001 1001 1.001
Equ: ‘LWA W = ‘X 20><1%0 18 =19.0 2.0 0996 0998 0999 0999 0999 0999 0998 0998 0997
+VW -~ +1lo~ 3.0 0968 0971 0972 0974 0976 0977 0978 0979 0979
4.0 0934 0939 0043 0948 0951 0953 0955 0957 0958
(] Then IOOk Up OUTpUT FOCTorS Gnd 5.0 0.897 0905 0910 0918 0923 0926 0930 0933 0935
6.0 0860 0870 0878 0888 0895 0900 0906 0910 0912
T MR 7.0 0825 0836 0844 0857 0865 0872 0879 0885 0888
S 8.0 0791 0804 0813 0827 0837 0844 0853<Q8%9 0363

FS =19 cm? Depth = 8 cm LSS

o Substitute in: o
_ Dose
MU = DOSEe X TMRx OAF xTF

Assumes SAD Calibration

1 And you’re done!




Thank Youl!

- Clinical Dosimetry



