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Surface doses and mathematical expressions for dose calculation
in build-up regions for various telecobalt units
and linear accelerators

Yoshio Onai, Toraji Irifune, Teizo Tomaru and Isao Uchida

Department of Physics, Cancer Institute, Tokyo

Research Code No.: 203
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Dose distributions in the build-up regions under various conditions of irradiation for several tele-
cobalt units and linear accelerators (4.3, 6, and 10 MV x rays) were measured with a shallow chamber.
Its active volume was 1 cm in diameter by 2 mm deep. The resulis obtained are as follows:

I) If a filter is used, surface peak dose ratios for any telecobalt units agree within - 109, under
the same conditions of field size, filter-surface distance, and filter materials. Without a filter,
however, difference was observed between the Theratron 60 telecobalt unit and other units because of
the difference in design of the diaphragm. For filter-or diaphragm-surface distance greater than
10 cm, no significant difference was observed between no-filter and plastic filter except the Theratron
60, although there was a difference between filters of intermediate and low atomic number materials.

2) For the plastic filter with the same field, size and filter-surface distance, there was little differ-
ence in surface peak dose ratio between telecobalt and 4.3 MV x rays over the range of field size of 5 % 5
to 25 x 25 em?, and also between telecobalt and 10 MV x rays for large field sizes. For small field sizes,
however, surface peak dose ratios for 10 MV x rays were lower than those for other radiation qualities.

3) Tissue peak dose ratios or tissue air ratios in the build-up regions (in the range of 0<d<d,)
may be expressed in the form of

TPR(d,A) = 1 — (1 — K’(0)Am'(0)) gid (1)
or

TAR(d,A) == K(dy)Am@ {1 — (1 — K/(0)A™©®) e-id} (2)
where A is the field size at the depth d, d, is the depth of the peak dose, and K, m, K’, m’, and 1 are

constants for a given radiation quality as shown in Table 3.
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When a plastic filter is used, K’(0)A™(® in equation (1) or (2) may be expressed as

TPR(O,A) — K'(D)A’“’@) - a(FSD)-ﬂAm;'(O)

3

Where FSD is the filter—surface distance. The values of o, B, and m’ are tabulated in Table 4.

The error of these expressions is less than 0.5 mm of the displacement in isodose curves and 10%, of

the dose.
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A. O Shimadzu ST-10000, SSI) 60 cm, DSD 20
cm, FSD (Cd filter) 19.3 cm. x Toshiba RI-107,
8SD 65 cm, DSD (cone) 26 cm, FSD (Cu flter)
4l ecm. ¢ Toshiba RI-107-2, SSD 65 cm, DSD
29cm. B. ST-10000, SSD 60 ¢cm, DSD 20 cm,
FSD (shadow table) 6 cm. C. Toshiba RI-140,
SSD 50 cm, DSD 15em, FSD (plastic marker)
14.3em. D. AECL Theratron 60, SSD 60 cm,
DSD 32.4 cm, no-filter. E. Theratron 60, SSD
60 cm, DSD (extention bars) 15 cm. F. Mullard
4.3 MV xrays, SSD 100 cm, DSD 36 cm, FSD
(plastic marker) 32.4 cm. G. 4.3 MV xrays,
SSD 100 ¢cm, DSD 36 cm, FSD (shadow tray) 20
cm. H. Varian 6 MV xrays, 8SD 90 cm, DSD
30cm. I 6MV] xrays, SSD 90 cm, DSD 30
cm, FSD (shadow tray) 20 cm. | and J’. Toshiba
10 MV xrays, SSD 100 cm, DSD 50 cm. K. 10
MV xrays, SSD 100 cm, DSD 50 cm, FSD (shad-
ow tray) 20 cm.

Fig. 1. Surface peak dose ratios for various
telecobalt units (curves A-E) and linear
accelerators (curves F-K)
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(2) ZOPEEED 4 end 20emDETLE, 74 A&
HVWD LRMBREEFE LWL L, 7405 L
LR LU0 ERFES OWELZ A5 LER
FEEOWEDBAE L VEIRTH S, hlirLE
RFEHES L Trrdh E h3&dicwv.  (3) = Ok
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7c. D S DO#ghN & S REFRIE AT 555,
8 b OB e OB X h REREOE
115870 B, LER Y 2T\ % Theratron 60T
X, DSDOKEWEATHMOIEE L h i
fHEZRLTW5,
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i No filter
§ T .
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° 3l Sa T
@ ~. 7~10x10
2 e a
= =
@ .z & ST-10000,55D B0em "~ "
@ ST-10000, 550 S0cm e
* RI 1072, 33D 85 em = GxG
@ Theratron 60, S50 60 cm
* Theratron 60, S5D 80 cm ,with exension bars
(@ Richardson et al.,cone with brass lining )
M | 1 L [ 1 1 1 1 J
3 5 7 10 20 30 50

Diaphragm-surface distance (cm)
Fig. 2. Surface peak dose ratios for various tele-

cobalt units without any filters plotted against
diaphragrm-surface distance (DSD)
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b, Cu Fiid Cd ©7 4 12 &0t foiE.
i« @ telecobalt BB 1T o\ C, FFHEAPHLO
WE (Cu, Cd) 740 2L LESAEORKREEK
Y. 74 A2 EiHEERE (FSD) LB
FAELTNEL, £oHETIREBEIIIRA L
FHE U7y, Richardson @ 5 — 2n b, M35
m%ﬁVWﬁLTﬁn@%vvybLféém
LB AD BRI FElie, SSDHZE
{£LT%, FSDR—ET, M TORHETHAE
Uis b, FHGRIIFRA EEBI\WT EXRL
o. AELMIES SDEIYLLT, FSD®% 2
T FA—MEE ThhE, EMEEIHBRALLLED
T LT, ZHILF S DAM9cnds 549
mDEFHTH B0 D, FSDICLBEINNI N
LItk BL0THASS.

[ 4 @ telecobalt 3&{E iz >\ T, LEHDOF S D

1.0r
- Telecobalt
al Cu or Cd filter
@ -
w
o
@ sl
'E s
ey B \
o S
] E %15 cm?
8 3l \\N?--._,_ ‘-\\15 cm
g L 10:10
3 . .
4 ST10000, Cd filter e 525
= RI107-2, Cd filter
o Theratron 60, Cu filter
( @ Richardson elal.,Cd filter)
1 R (TS T B T . ' T
3 5 7 10 20 30 50

Filter-surface distance (cm)

Fig. 3. Surface peak dose ratios for various teleco-
balt units with electron filter plotted against
filter-surface distance (FSD). Solid lines are
caleulated from equation (3).

Table 1. Variation of surface peak dose ratios
for telecobalt unit with source-surface distan-
ce at 20ecm Cu filter-surface distance

SSD Field at surface (cm®)
(em | 5x5 10x10 20%20
55 0-178 0.255 0-40]
(1.02) (0.99:) (0.98s)
60 0.172 0.25? 0-40?
(1.0) (1.0) (1.0
75 0.17, 0.255 0.40s
(0.93s) (0.98.) (0.99s)

A AR 2R s A MR 5§28 BoR

o 110000
F 550 60cm, DSD 20 em
/cnr.u-r Fs0 183 em
?
' ST-10000 e
.1 450 S0em, 0SD 10cm - ¥ / ";;':;::?
-1
H Cd filter, FSD 9.3 cm a7 I ‘[ “‘-mn Ahom
E =t ,_.--‘ Cu filter,
& ] T >./ 2t “=FsD 20.cm
r - / /,/‘,.
8 - el
o - ,7/1
32 P
..'_: e =+ Nofilter
& — CucrCd filter
A L L Y I ] L =g I T B S Y
0 W W 50 100 00 30 500 o
Field [em?)

Fig. 4. Comparison of surface peak dose ratios
with and without electron filter for telecobalt
units. Solid lines are with Cu or Cd filter and
broken lines arc without any electron filters.
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CEDTRLI. ZA02 %2052 LI X b
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W E DRYRBFED BT b,

c, FT5AF o7« 74N 204, BEHRD
marker, §¢ D % @ %7z @ shadow tray, FEFR
=2V AR ETIEER D 752579 27 F 05
B, ZOWEOERMELC S WTHEL:. D
PECOWT S FHEL kD 7 2 v VR E 7 1
Aoz Lz,

M5wRd L5ic, FSDEBHFLFE—TH
AU, E0 telecobalt H{E T4 EAMAEILE10%

1.0

oo Telecobalt
Plastic filter

7

“-15x!5 cm?

“mxh'.l

Surface dose/peak dose
T
1+
2
a-'-—.

21 a 110000 -
* R 107-2 e
« HI 10 ‘-\ x5
o Theratron 60 -
.1 L L L 1 11| L 1 L '
3 5 7 10 20 30 50

Filter-surface distance (em)

Fig. 5. Surface peak dose ratios for various tele-
cobalt units with plastic filter plotted against
filter-surface distance. Solid lines are calculated
from equation (5).
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DHEPFANICAD. 74 V2 DIVEEDK2 L 1
e 3% & Theratron GOLLIAFTIXFEA L2300,
Linac XHC 2\ T D FERE %, telecobalt
E LR LT 6 1058 L, KIBSHF Tlitelecobalt
MBIOMV X T, FSDA[RL febif=x*x
NMF—IC XD ELDHED . 4.3MV XHL L
telecobalt Ti%, MAEHEFL F S D AN —75 b1,
5 X 50525 x25em® F T ORI O JREHT LR
BEOHKMHETH S, F S DIKE G EFHEH
I T 5%, FSDAKEL bz &l
DS DD B bich, HAKE S ETIRR
YUIE sk, ZOKREEEFSD () LIk
S, FSD () ORKEIZMIFILE T E
K& 7%, Scrimger™ i3 telecobalt =5\ T &
P4 X 4cm® TFSD (c0) =12emE 4 LT
Wh, HxDFERTIES5 x 5em? TF S D (o)
(325emTH HH3, 15em & 25em & T O HHk
(Z10% R T &b %5 b, Scrimger DR LKk
fev. 10MV X§ T 5 x 5ecm? T #30en T
5.

10 E'R:“Q'

NS
B : \;\‘\\\. -1.-_‘.;;:-::.:‘:.‘_“

@

ha

Surface dose/peak dose
s

07

10 20 - 30 ' 0 * 0
Filler-surface distance (em)

Fig. 6. Surface peak dose ratios for various tele-
therapy units with plastic filter plotted against
filter-surface distance
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i, #7c Bomford® | LiREARNC FERBAGR TELIL
T %h, REMEITRD BRI, F 7RG
DRESCIBEEDEREE R T I. Bt
TCFRAE A TR 2 D4efF T COFRMS T 35
L ORI ORI R B3RS H BT L7
1. RE DS E—7 TETOFELHMN -
7fgdckk (T PR) ¥ idfil/zechiide (T
AR) THbTE, €= 7BUEO BEHEFEL
$o BB TS O~ & B TR T
5. Thbb

TPR(d, A)=K’(d)™ @ (1)
F ok
TAR(d, A)=K(d)Amd) (2)

S, diEE, AXFOMETORHED
K&, K@) X0 m'(d) Fioik KW) X
Um(DIXESIT X b e ¥ 5 EH T K/ (d) =K(d)/
K(d) % X0* m'(d)=m(d)—m(d,) DRIERI.%
5. FEEFEK EmEE@Eaiuy, ) FRT
@) & hREREOHELIHI TR, K7
IZIOMYV X 2t (DROMTT5 o &%
RLI, K2 HHHT 2T, 2 bhTw
DEMFTFTTOK EmEINL K L m! DffidirL
7.

2. oL, KEmE#FES dizownT oS
TUHET % MR L e D, 2T, REREE
DT PRFIILT AR % TITL L.

10, d= 25em
1.0
S T I ——
0 I
L e
02 —— ..—--""-‘
Ky i _—
<@Ll T o
o 0 — e _—
o e
o. gt — o~
L _——""“ —
0.05 //’
) - 10 MV Xrays
/ — TPits Ky
o) [ w  messured
5l A i i :
10 0 30 [ 100 o M0 500 %00

Field (em?)

Fig. 7. Comparison of calculated and measured
values of tissue peak dose ratios (TPR) in
build-up regions for 10 MV xrays. Solid lines
are calculated from equation (1) using the
values in Table 2. Experimental points are
shown as dots.
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Table 2. Values of K’ and m’ or K and m in build-up regions for equation (1) or (2)
Telecobalt 4.3 MV x rays 6 MV x rays 10 MV x rays
Depth | Cu filter S.D. 28cm DS D 36cn DS D 40cm DS D 50cm
(cm) K m K m K m K’ m’
0 0.0638 0.2934 0.0615 0.3029 0.0482 0.2998 0.0216 0.3696
0.05 | 0.2332 (0.1590 0.2301 0.1462 | 0.2061 0.1145 0.0670 0.2536
0.1 0.4540 0.0917 0.3836 0.0995 0.3349 0.0686 0.1617 0.1508
0.2 0.7288 ().0487 0.5841 0.0591 0.4877 0.0520 0.3014 0.0934
0.3 0.9040 0.0247 0.7036 0.0417 | 0.6065 0.0412 0.4120 0.0672
0.4 0.9625 0.0164 0.7943 0.0293 | 0.6882 0.0342 0.5069 0.0494
0.5 0.9625 0.0164 0.8675 0.0213 0.7520 0.0298 0.5885 0.0361
0.6 0.9146 0.0167 0.8013 0.0259 0.6555 0.0297
0.8 0.9563 0.0124 | 0.8879 0.0157 0.7393 0.0240
1.0 0.9787 0.0098 | 0.9424 0.0098 0.8210 0.0162
1.5 | 0.9857 | 0.0083 | 0.9394 | 0.0055
2.0 | 0.9869 0.0004
2.5 : 1.0 0

TPR(d, A)=1— (1 —K’(0)A™ (©)e-4

(3
F 7ok
TAR(4, A)=K (d,)Amo)
X{1— (1—=K/(0)A™()e"d%} 4

WRoHDD K(d)AmE) 3 " — 27O T AR
Tl bEELREE , K/(0)A™ @ ([3E([/ v — 2
MELEZRbL LTV, K(0), m’(0), K(d), m

(dp) HIVAREBC I VPEINDIERTH
B, FIEEESWTD Zhbo Tk #E 3R
. telecobalt = oy T, Cd 7213 Cu 7

A2 DD EEE R BiE, F S Divbiihul#
3O EOWEC L MATES. 4.3, 68
XMV X 2w Tik, FSD (e0) OF
MR EFEHL LT 5.

Harv— 7T 5k p =d/d, TR L,
do=2y LT5L @)F I (OXOFIWEFIL d
=4p EFbED., ADRDIT 4 BAVDH L, &
11 telecobalt T4.33 (dy= 0.5em), 4.3MV X
T4.59 (dy=1cm), 6MV X T4.60 (do=
1.5em) 3 X TNOMV X§iT5.52 (do= 2.5¢cm)
= 7%, Bomford? 3 %Co #:15 31MV Xifi#%

Table 3. Coefficients for equations (3) and (4)

2 K(dy) m(d) K'(0) m'© |
3.665 | 0.9625 0.01641 ’
Cu or Cd filter S.D. 10em 0.06771 0.3382
Telocobalt " 15 0.07009 0.3051
" 20 0.07183 0.2817
" 25 0.07320 0.2635
" 30 0.07435 0.2486
4.3 MV x rays? 4.590 0.9787 0.00983 0.06287 2931
6 MV x rays? 3.066 0.9857 0.00834 0.04887 0.2915
10 MV x rays® 2.128 — _— 0.02156 0.3696

(1) Mullard, SSD 100cm, DSD 36cm
(2) Varian, SSD 100cm, DSD 40cm
(3) Toshiba, SSD 100cm, DSD 50cm
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T, WHoXOPDOEHMAES p & LTW5BH, &
2 O & -F AT,

3. 7525y 28lo shadow tray 7 &% FHu
BBAWIX, FSDAWNELIBDT, H6 IR
TL5ICF S DIC X AFEEHEEEOLELHIE .
Lichi>C, F S DO THRERREEFELTL
EHib 5.

FSD () Oy ¥FTix, KO IZFSD®
~ERH K'(0)=a(FSD)~# CiH{lTZ %D T,
FHH/ ¥ — 7 BRI TR 5.

TPR(0, A) =K’(0)A™ () = (FSD)~5A™ ()

(5)
T, ARIUBIRHHEI XY IREIRDE
HTHB., AN OOFERAT LI, Saylor
BRI 5 AD 7 A N R\ T RIFEORIERD
BENE2 L IRRTN B

4. FEPMEE Ol (a) 1I0MV XEimoun
T, 2ozt (DX X DEH L

Table 4. Coefficients for equation (5)

m©® | «a 8

Telecobalt 0.3658 | 0.2885 | 0.5477

4.3 MV x rays 0.3904 | 0.3166 | 0.6488

10 MV x rays 0.4934 | 0.2480 | 0.8153

Lo 43MV X rays
Plastic filter

RN
N
al .\\\zo:zo

3r * 15x15

v

TPR(0,A)

#

2l \ 10x10

.
» measured 5x5
— calculated

0 30
Filter-surface distance (cm)

Fig. 8. Comparison of calculated and measured
values of surface peak dose ratios (TPR (0),
A)) for 4.3 MV xrays with plastic filter. Solid
lines are calculated from equation (5). Dots
represent experimental points.
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FEHEOTPRYMT7 5 XIORIIIOER TR LI
telecobalt, 4 SMVE LU 6 MV XfEITowT D
()R kB EMEHEOT AR O FHEEY 10
DEFTRLI.. K, miZE2O ffixfui-.
(b) ®XErcid WRLE3OHEHCTEH

1or ~ 10 MV X rays

5 A Plastic filter
TN \\\
5 \\ N;ox:m em?

whil \.
g..a.\\ ’ \szu
z, N

i \ 10x10
\\. \“\
1N
' N

i 5x5
07F * measured ;

| — calculated \
051l . s '

10 20 30 40

Filter-surface distance (cm)

Fig. 9. Comparison of calculated and measured
values of surface peak dose ratios (TPR (0,
A)) for 10 MV xrays with plastic filter. Solid
lines are calculated from equation (5). Dots
represent experimental points.

Cufilter S.D. 28 cm

4.3 MV Xrays, 3.4 x 3.4 cm?

A <T|zlec1:bait ,5x%5cm?,
.

6 MV X rays, 2.5 x 2.5 ¢m?

TAR(d,A)

—- TAR= K(d)A™@
=== TAR=K()JA™® {1-(1-K(0)A™D)e ¢}
*  measured

1 1 1 L 1 1 1 1 L 1, L L I}
6 8 10 12 14
Depth  (mm)

Fig. 10. Comparison of calculated and measured
values of tissue air ratios in build-up regions
for telecobalt, 4.3 MV, and 6 MV xrays.
Dots are measured, Broken lines are calculated
from equations (4) and (5), and solid lines are
calculated from equation (2).
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| /ﬁ,ﬂ'
1 E f
I -30x 30 cm?
5 ~5x5 cm’
P
o i |
= 10 MV X rays
= — TR = K(d) A9
2} 0369, _2.12
~TPR =1-(1-0.02156 4> ) & 1284
* measured
A
o
I_! ' ' 1 L L 1 1 N - L

0 4 8 12 6 - 20 24
Depth (mm)

Fig. 11. Comparison of calculated and measured
values of tissue peak dose ratios for 10 MV x
rays. Dots are measured. Broken lines are
calculated from equation (3) and solid lines are
from equation (1).
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