Hoja 3
Método de Clarkson

Tissue-Air Ratios for Rectangular or Irregular Fields

Tables of tissue-air ratios for a wide range of beam sizes and shapes
can be prepared from relatively few measurements by using data for cir-
cular beams. Such data can be measured directly as was done by Johns

(J10) or may be obtained from measurements made in square beams as
discussed in section 10.08. Tissue-air ratios for rectangular beams can
then be obtained from data for circular beams by the sector integration
procedure first introduced by Clarkson (C7). The method will be il-
lustrated by determining the tissue-air ratio for a 4 x 15 cm field of co-
balt radiation at a depth of 10 cm. Figure 10-6 shows tissue-air ratios for
a depth of 10 cm (Table B-5¢) plotted as a function of beam radius. "The
insert shows the 4 x 15 c¢m field, and radii have been drawn from its
center at angles of 5°, 15°, 25° to 85" so that the rectangular field may
be replaced by a series of sectors of circular fields as indicated. The
angles, radii, and corresponding tissue-air ratios, read from the graph in
Figure 10-6, are shown in Table 10-1. The tissue-air ratio tor the rec-
tangular field is 0.660. The area of the rectangular field is 4 x 15 = 60
cm?. A circular field with this area has a radius of 4.36 cm and gives a
tissue-air ratio of 0.681 for 10 cm depth whereas that for the rectangular
field is only 0.660. The rectangular field contributes less scatter to its
center than would a circular field of equal area because some of its scat-
ter, coming from points near the ends of the rectangle, must travel
further than from points near the edge of the circle. The scatter coming
from farther away will be attenuated more.
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Figure 10-6. Diagram to illustrate how a rectangular ficld can be broken up into a num-
ber of sectors allowing one to calculate the tissue-air ratio, T, or the percentage depth
dose, P, for a rectangular field from the corresponding data from circular helds.



TABLE 10-1 .
Caleulation of Tissue-Air Ratio for a 4 x 15 Field at Depth 10 cm for *Co Radiation

Angles 5 15 25 35 45 &b 65 75 85
Radius, r; 2.01 207 221 244 283 349 473 773 753
Ta(l0,r) 612 613 618 626 .638 658 690 745 742  total = 5.942

Tissue-air ratio for 4 = 15 cm feld = 5.942 = 4/36 = 0.660

A rectangular field, and in fact even a field having an irregular out-
line, can be resolved into sectors of circular beams. The tissue-air ratio
for a rectangular or irregular beam having a field area A at depth d can
be calculated from the equation:

Ty(d,A) = — 3 Tydyry) (10-8)
i=1

1

n
where n 1s the number of sectors in 360°, r; are the radii from the center
to the edge of the field at the center of each sector, and T,(d,ry) are the
tissue-air ratios for circular fields of radius r; at depth d. In Table 10-1
the sectors have an angular width of 10° Although there are 36 such
sectors in 360° only 9 of them need be considered in this example be-
cause of symmetry. The accuracy of the calculation is improved by using
more sectors with smaller angular widths, but little gain is achieved by
going below 107,

Sector Integration of Scattered Radiation

One of the most useful applications of scatter-air ratios is the calcula-
tion of relative dose in rectangular or irregularly shaped beams. The
sector integration technique was discussed in sections 10.04 and 10.06
but will be described in more detail here. Figure 10-24a shows a cross
section of a rectangular beam 5 % 15 cm. The dose is to be calculated at
point P, which is at the center of the field and at a depth 5 cm below the
surface of a phantom. Six radial lines, spaced at equal angular intervals
(A6 = 15°), have been drawn from P to the edge of the field. One of
them, 1, is used as the radius to draw a complete circle about p:}int_[‘.
Scatter-air ratio values, for a depth of 5 cm, are plotted against radu (Fl_g.
10-24). The radius r4 is 4.11 cm and the curve shows that the scatter-air
ratio for a circular field of this radius is 0.136. This means that if the
dose in air at point P were 1.0, then the dose due to scatter at a depth
of 5 cm on the axis of a circular beam of radius ry would be 0.136.



Figure 10-24. Diagram illus-
trating the use of scauer-air
ratios to calculate the dose at
two points. (a) Point P is in-
neok B side the beam and receives
hoth primary and scattered
radiation, Point ( is outside

% 0asf and receives only scattered
N J Y radiation. 'l'}}e dashed dircle
L ok : indicates a circular beam of
1}; . radiug ry, one sector of which
& ) is considered to be part of the

0.0 n rectangular field. (b} Scatter-
air ratio plotted against ra-
dius for a depth of 5 cm. The

L A Fl i i I 1 — R
0 I 2 3 4 5 [ T ] arrows indicate the radii of
rodius, cm B3N SeCtors in A,

The scatter that comes from the sector of angular width A# in the cir-
cular beam of radius r, would be 0.136 (A #/27). The amount of radiation
reaching point P from the sector of angular width A# and radius r, but
in the rectangular beam shown would be very similar to this. A similar
argument can be made for each of the sectors ry through 1y in Figure
10-24a. These 6 sectors cover one quadrant of the beam and the total
dose at point P due to scatter would be:

Ag X L
Dyeae = E igl b{{:l:ri} {ln'lg}

where n is the number of sectors required to cover the entire area of
the field, that is nAf# = 27,

Although point P was chosen to be at the center of the field for the
above example, the procedure applies equally well to the calculation of
the amount of scattered radiation at any point either in or out of the field.
Points such as Q outside of the field, however, require some special
treatment, because for each sector, two radii are involved, one from the
point to the first reached boundary of the field, the second for the second
boundary. The scatter from the former must be subtracted and from the

latter added. The total dose at point P will be:

Ag
I:I'l:- = D]Jrlm + Ds:'at = DX' |:f{x) i T(d,ﬂ} + E 121 S{dsrl)] {IG'ED}

where f(x) is a factor allowing for attenuation of primary by a filter. ‘Two
examples will illustrate such calculations.



Example 10-6. Using scatter-air ratios, calculate the tissue-air ratio tor
a4 % 15 cm field at a depth of 10 cm in a water phantom. Use 107 inter-
vals over one quadrant, as shown in Figures 10-6 and 10-24.

Angles = 5° 15% ... 85°

radii, r; = 2.01, 2.07, 2.21, 2.44, 2.83, 3.49, 4.73, 7.73, 7.53
S(10,r;) = .076, .078, .082, .090, .104, .124, .155, 211, .208
T(10.0), the zero area tissue-air ratio = .534 (Table B-5d).

f(x) = 1.0 on the beam axis

1 oo o - o
Tissue-air ratio = 534 + 4 X o 37 S(10,5) = 534 + .125 = .659

Ejercicios

1. Determina el TAR para un punto en el borde de un campo circular de 14 cm de
didmetro de Co-60 usando el método de Clarkson y los datos representados en la
figura 10-6.

2. Calcula la dosis en un punto a 10 cm de profundidad y a 5 cm fuera del area de
irradiaciéon para un campo de 15x15 cm de Co-60. Asume 1 Gy a la misma
profundidad en el eje. Utiliza las razones dispersidn-aire.



(a)

(b)

(e}

Tissue-Air Ratios for Circular Fields, T, (d, r, hv)

Radius {em) it £ 58 3. 85 2.99 5. 05 5. 64 8.77 TonE 115
Area (em?) i) 20 a5 S A Jiny F.Eﬁt'.l' S L00
d, (em) HVL 1.0 mm Cu
0 1.00 1.20 1.25 1.29 1.34 1.57 1. 40 1.42 1,49
2 G682 1.08 1,18 1.25 1.33 1,36 1.42 1. 48 1,58
4 472 B4 LBds 1.02 1.18 1.18 1.27 1.438 1.4%
6 B30 L6311 LTe6 L7090 NI JU54 1.04 1.10 1,24
] . 282 466 Bt LG12 LGRS .T41  Ba5 Y 1.04
10 163 a4l il 452 o827 ilitl] CG46 L7083 1
12 114 246 V204 539 el L2 it ] G40 Nk
14 LOTh L1TH 218 L 250 =1 325 JidHg 425 534
16 055 L1228 158 184 285 L2345 28 326 421
18 035 083 116 L1356 16T i JRLD C 45 CheT
20 02T COGT 4 i 125 138 it ] L2854
HVL 3.0 mm Cu
*0 1. 00 1.18 1.16 1.18 1.23 1.24 1.27 1.29 1.338
2 LT36 1.03 1.10 1.15 1.20 1.2%2 1.27 1.30 1.59
4 542 L BE2E 912 it 1.05 1.08 1.14 1.18 1.28
[ L4004 L6511 LTeT .TRE LRG1 LI LBTaE 1.08 1.14
B L2046 ] 565 LB1Y NitEY kL L BO0 L B5E T4
10 e Jd8e L4856 L4E0 L5542 501 N it 703 B2
12 1G4 L 200 L a35 i 30 11 a1l ] J6TE
1% 123 L2230 V256 L2584 dge 364 410 455 052
16 il i 18T 219 L2558 2R L a25 La65 L4549
18 it 128 .152 it 201 3 L2259 200 3T
20 L0561 N1 TG CLED ST JIT1 204 232 259
Cobalt 60
*, 5 LoD 1016 1.021  1.025 1,082  1.035  1.042 1,048  1.064
2 905 LBGG LOE1 ATs _DES L] 1.014 1.022 1.041
4 LThe _BEO i) B4 .age B4l L0958 VG 987
6 itE] LTI B20 B35 K6 CHGT .BR3 CEOE JB2h
H L G0E LT CTE4 .T52 TR LTRT - BDS L5243 B3B8
10 i HEN _GET L6538 T . GO6 L7085 TR0 L7581 LTa0
12 L4649 Land BT8R il 622 i1 G54 CBTH .T23
14 L4182 _AED 518 L5351 557 BTl LARs 16 GG
16 L3611 _435 L 455 LAT2 LT L 509 333 55T Rl
1B 317 54 405 421 L4444 457 48l LG50l LG5
20 278 530 359 575 399 411 481 454 503

* This entry is also the backscatter factor.



{d)

Tissue-Air Ratios for Rectangular Fields

Cobalt-60
dlem) O¥0 X4 X6 SXE GxI0 FXI1E BXE EXE GXE GXI0 XIS THY 8XE IO
0.5 1.000 1.015 1.018 1.020 1.022 1.025 1.00% 1,082 1025 1,087 1.031 1.025 1.029 1.032
| U85 006 1.001 1,005 1.008 1.012 1.00% 1.009 1.014 1.018 1.023 1.015 1.021 1.0%3
2 005 L9566 065 970 .9v3 8T8 96T  .6976 GRS OB 984 . BES 602 007
§ JB45 815 D26 B8 936 .B42 828 940 B4E 054 (961 950 . B5H 066
4 782 BT L BB5  B83 87  _P0S  _BBE  .00%  .Blg 918 926 914 92y 831
5 742 820 843 BSE  .B56  .B6I  _B4T  _BO2 L BTS  HBO  _BE®  .BT5  .BBT  .B85
6 694 786 .BO1  .BIO .15 .B23  _BOS  .R21  .BSS R840 B3l (B35 84T .BSE
T LB50 748 U758 .TG6T  .778 7Bl 762 TR .79l 788 Bl 793 807 .B19
8 JBOB 700 .715 725 .TS1 74D 718 736 74D 957 (760 .75l 785 Y75
L] JET00 .68 674 .6R4 @88 700 .6YT 695 . TOE  LTL6 .7TED L7100 724 754
1o U584 6200 .G85 .644 650 G661 638 G5 .6BK 67T 691 .6Y1 .G85 695
n 501 581,580 606 612 623 G600 .G16  .G30 . G63p 65T .G3T 647 658
12 469 546  _5B0 570 .5T6 LSBT 563 .BBO (594 G0 617 (596 611 LG22
I3 430 513 537 (537 .544 555 580 647 LG61 L 5T0 584 563 578 L 5ED
14 419 . 4B2 406 505 512 528 489 515 .52R (538 &5 L5301 M5 557
15 JBEB 454 467 4TG 483 484 470 L 4k5 498 507 . S5¥2 501 (515 546
Vo 861 .487  .430  .440 455 466 443 458 470 479 494 472 485 406
I VB35 402 414 423 420 430 417 431 443 452 467 445 43 468
15 $17 .87B .390 808 404 415 303 400 (418 426 (441 420 433 453
o L2097 . 355 866 875 .8B1 891 860 _9R3 %04 408 417 3806 400 420
i L3978 .83% 844 853 858 .&4p 847 361 (872 880 (354 874 3BG 306
e L2456 208 304 312,817 .997 %06 (318 928 336 . E50 330 342 852
14 L2156 .25R L¥GE 275 2500 .90 2T (981 .80 988 811 402 803 30
4 JIBT  L@es L @SG L9483 . ¥48 257  .988 940 258 (@64 977 250 .¥%0 L 27H
bl 164,900 .10 215 218 239 210 .99l 93R (254 248 .#80  ,230 .40
by (144 178 185 180  .ips 202 L186  .195 @02 g8 218 .203 el 219
d (em)  BMAS EMED J0XI0 IO IS JORE0 J2WAR 1EWIE 1A SKOr 20FI0 23RN SR Fik
0.5 1,037 1,081 1.085 1.042 1.046 1.041 1.051 1.08G 1068 1.071 1.078  1.080 1
1 1,022 1,085 1031 103 1043 1,038 1085 1. 054 L0682 1069 1072 L.07H 1.4
2 1.005 1.098 1.00% 1.013 1018 1.004 1,023 1,032 1040 1oMf 1032 1,050 1. i3
2 875 LUBD .9TE .95 U000 L9R3 989 1006 1016 1.026 1.0 1038 1.0
4 a4e D47 .40 052 .BH9 053 BOB LOVT LDET 993 1,002 1014 1,041
5 07 918 805 .91% 835 G198 886 B46 0LT 9T B4 JOHE DUE
G LHED VGG UBET JBE2 _BOD  _RB3  _p0E g1e  9es gD B4 05 JBT0
T RS0 83T 82T .BM4 B33 RS LBGE  BVE B0 U9 DI 2 41
B 700 .FOR TET  .BOa 815 BDG B30 B4S EBMD LBTT LB 859 B12
9 951 .YED .TAT  LT6T  .TTB .TGE  .TH8 .5UE . B26 B4S . B4D _BGD 882
10 R I ©-F | cpen 741 .T$0 L7s6 771 700 (811 816 B3T LB52
1 675 .G85 .6TE 682 TO4 LGDR T1H 7RG TES L9TT O LTR2 B3 L EU
1z g0 LGS0 .G36 U657 .6T0 BAS  LBR3  LT02 T2 T4 LTHD TR T
18 607 618 .G0F L6256 638 626 LGS LETO GO0 TIZ .Te0 48 T
14 535 .58 511 L5803 606 _sBy 622 630 B0 .68 601 it T
15 545 _GSG G40 663 L5Y6 565 L5985 610 633 L6506 662 .BBT TG
16 515 83T L5100 533 54T LG33 L5684 (BB 605 .6d% 054 Rt 67D
17 J4BE L 4DD 4RI 506G . 819 506 536 534 57T .G0L LG0B (533 LG5S
1B 462 _AT4 45T 47D .4PZ 470 500 .58 551 875 (B2 i JBET
1% 438 440 . 49% 455 460 455 485 03 53§ 550 55T 563 LEOS
20 415 426 410 481 445 _£81 401 479 m02 0 L Sp7 0 B84 L 560 .58
29 BG0 880 364 (8RS SOR LSRE 413 431 458 451 485 515 535
24 829,330 L824 945 856 845 LATH HG0 412 438 4G 471 492
26 404  .8904 280 800 332 .B05 886 .85% 8T8 308 405 431 451
25 968 .@T0  .957 276 98BS 274 802 .30 %30 362 56H 303 414
80 g93  .242 .28 245 957  .244 .ZEB  .2BG 805 8328 . 3E5 358 AT

*This entry is also the backscatter factor.



{c)

Scatter-Air Ratios for Cirecular Fields, S(d, r, hv)

Cobalt-60 radiation

Lepth Ficld radius in cm at depth d
4 {em) 1 L4 5 I 5 [ T E: g 10 11 ig
0§ 07014 018 026 032 08T 043 048 054 .058 063 08T
1 S013 RS 087 (48 058 086 .073 078 . 0B4 .0S0  .094 098
2 S02F 045 0G4 080 091 102 1000 116 L322 127 133 140
4 L0320 081 084 105 118 (180 139 (147 154 161 .1GE 173
4 038 0YT 08D 121 137 (151 .12 1700 179 LI86 .191 187
5 S04l 076 107 184 (152 166 (178 (189 198 206 @12 _9ja
G -042 080 114 R41 L1600 16 180 201 211 218 996 994
i [042 081 115 143 164 L 1B1 186 909 220 920 230 246
8 (041 080 114 142 165 (185 199 214 225 230 246 954
a 040 L0TE 112 140 164 183 200 216 298 . 240 251 260
10 JBEE 0TS 109 130 161 .1B1 199 .15 940 949 252 969
11 JEEGLOT1 104 182 15T 178 197 213,297 941 .252 o2
12 L0365 069 085 128 153 174 194 210 (225 230 @51 961
13 C034 066 085 124 149 170 180 207 .223 237 249 260
14 S032 L 0G63 002 120 (145 168 188 904 220 L £35 247 258
15 081 060 089 (116 140 162 182 @00 216 251 944 255
16 L0300 058 06 112 136 15T L1TT L 196  .212 927 240 252
17 A28 056 083 (108 (132 (158 17 191 907 . 993 9896 948
18 J027 054 080 104 (185 148 167 156 .202 218 252 . 244
19 026 052 07T L1001 124 (144 .162 181 . 197 L2183 226 239
20 024 049 0TH 08T 118 139 157 176 . 10% 207 .99l 294
Ui L0RE 044 06T L0 109 128 146 .163 180 . 134 208 222
24 -020 040 0G0 080 099 118 (186 (152 168 182 106 208
20 L0018 036 054 073 091 108 1825 .142 156 170 184 186
25 D016 032 049 00T .0H3 098 L1158 (192 (156 159 172 184
30 015030 045 061 076 089 105 (121 .134 146 159 170
d {em) 13 14 15 16 17 18 15 20 £1 g 25 2y £5
0.5 L0700 073 .0T6 0TR 0RO 082 0B4 085 086 0BT 0S8 0S8 089
1 [101 104 107 %08 (112 114 (116 118 118 120 .12l 122 193
2 142 146 140 152 154 156 168 160 161 162 .164 166 167
3 76 (180 1H4 (18T 180 L1098 195 108 200 202 208 204 205
4 201 .B05 210 .21 218 @22 285 @98 951 233 935 997 @9y
& 224,220 230 240 (245 (248 252 255 @58 261 267 264 266
6 241 246 .25% 267 262 265 269 272 275 @78 .2R0 982 o84
] 254 L2060 2GT 278 278 @82 2RT 200 204 206 909 . $02 S04
B 263 .71 278 ¢85 .280 904 208 301 805 809 311 318 .31
o -208 277 284 202 908 303 308 512 816 510 822 994 897
10 271 27D (2BE 205 308 808 914 818 894 827 931 993 94§
11 27,280 288 206 304 311 .816 .22 598 %31 934 .887 339
12 (87221 200 297 805 312 318 824 850 .S88 837 340 948
13 270 .2BO 200 208 306 515 $190 825 322 435 840 942 945
14 JRGEETH 2BB 987 .8505 313 820 826 333 837 341 944 947
15 266 ETT 2HE 285 303 811 818 495 431 398 940 944 347
16 263,274 (2RSS 202 800 508 815 922 3¢5 983 437 942 346
T L2589 271 979 (RS 206 504 (811 %1% L3240 320 484 839 343
1% 255 266 275,254 .292 300 307 818 820 325 840 833 339
(] 251 261 270 .2B0 .2B8 905 803 300 815 821 .3¢6 991 935
W 248 257 265 275 @84 901 900 %05 911 416 .821 395 529
L3 233 6 255 eG4 978 280 288 205 401 306 .311 816 318
24 2200 235 43 @52 250 _9AT 275 @Rl @84 204 200 804 209
i SR0T 21D . .2eD 936 245 2585 .960 L2606 .272 .79 _984 280 905
£ L1040 205 214 g2 230 @48 945 951 .25R LO9R4 .969  .@v4 @79
Hi) SIBL L1891 200 208 215 @98 230 256 242 249 255 260 265




