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A Study on Rebuildup of 6MV X-ray by the Cavity

Moon June Cho, M.D., Eun Kyung Choi, M.D., Woong Ki Chung, M.D.
Wee Saing Kang, Ph.D.and Charn Il Park, M.D.

Department of Therapeutic Radiology, College of Medicine, Seoul National University, Seoul, Korea

The inclusion of air filled cavities in treatment fields creates a potential dosimetric problem
due to the rebuildup phenomenon near the air-tissue interface using a simulated phantom, such
as air gap, air cylinder, and air cavity, the amount of rebuldup along the various field sizes and
air cavity dimensions was measured.

The results are as follows.

1. As the field size becomes larger in comparison with the cavity size, or as the cavity size
gets bigger when the field size is equal to the cavity size, rebuildup decreases.

2. When the distance between the phantom sudace and the air cavity is less than 1.5 cm,
there is prominent rebuildup. And when the distance is more than 1.5 cm, rebuildup is relatively
constant.

3. The change according to the depth of the cavity is affected by the field size and the cavity
size, rebuildup usually increases when the depth of the cavity increases.

4. It is suggested that tissue equivalent material should be applied on the skin to make tissue
thickness over the air cavity more than 1.5 cm and that the field size should include the air cavity
with at least 1 cm margin.
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Fig. 3. Depth dose‘ measured in the presence and absence
of an air gap, irradiated-by a 4x4 cm? field size.
Air gap : 3cm, Phantom thickness : 4.5cm,
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Fig. 4. Comparison of BUR 'according to the field size,
the air gap, and the phantom thickness. Field
size : 4x4cm?  (solid), 10x10cm? (dashed).
Polystyrene phantom thickness : 0.Bm {(A),
tem (w), 1.5cm (O}, 4.5cm (O).
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Fig. 5. Comparison of dmax according to the air gap,
the field size, and polystyrene phantom thickness.
Field size ; 4x4cm? {solid), 10x10cm? (dashed).
Polystyrene phantom thickness ; 0.5em (A),
1.5¢cm (O).
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Fig. 8. Comparison of BUR™ for the various size of air cavity as a function of the field size, the air gap, and the
polystyrene phantom thickness. In fower portion, the field.size is equal to XxX cm? In the upper portion,
the field size is equal to (X + 2) x (X + 2) cm?. Air gap ; 1cm (left}, 5em {right). Polystyrene phantom
thickness ; 0.5cm (A}, 1.5em (O).

371F %Li‘:} "/‘l»"H HE W 7|7} 2cm7t em5A Y Lelzelal WEAA Ao 27171 6X6

cmgl #$-oll = BUR! ax%zl“ 744317 gkghort 5

35-ol€ 0.02 of o] Zart RS, 2
BE F7A7F 0.5 cmal 7-Fol= BUR 343
e 715 2ol 1omellA} 0.08~01 F71F 2
o] 5 cmoll A& 0.05~0.060] %1 v} (Fig. 8).

3. ZEof 28 HMS}

Z-Exbmdo] 5x5cmPolm 2Abe} 277 SYG
Sole zelagal WE S A F530)
7845 BUR! 4 A€ Z4digdd =3 284

gl #E F27 0.5cmel A$9 BUR! AR E1.
Scm~45cmal 7-fof wldted A3 zasigle
45cmQl 7499 BUR! 249 74 1.5cme 7

S0l u] 5] gk,

F%5 walol 5x5com?el i ZAlels} o] B} & A
zejadd AE FA 7 150m, 45cmol A= 2% 7
ol FAIgle] BUR! &4x9 74+ gleith 05

_E.

cm2ol A& FE Aol whE Wkl Agtow] 7x7
cm?, 8X 8 om2ell A& 3% Zol7} A Al vl BUR™!
A 74l Fobxl & FAF LY (Fig. 9).
F59 DEAo] whE BURY SR 3t AY
27 3% B3} Al 2717 2L ASl 5 @
o, Zjadd AE FA7 A FF Pt 1
cmel A-$Ret 5cmel 764 BUR! $AA &
A8 a3, FF w9 25 BE A4S 2
2€g AEL FA, 2= TF ZHold HAgle]
BUR™! &Ax & AA 9 4sidch, §5 shde] 3x
Scm?oj ol FF Aol 1emelx ZAbel a7]7t
% 2 59 F9ols BUR 33A 9 3ate
0.0201 et F& WHEch RAlok 2771 7 Moz
2cmd & 7Sol 35 e Aot FF Heloll F
BaA BUR! X & A9 wshx] &ct, 35 2
ol7} 5emd o FF wae 27y 2EjaEd AE
Aol BAglel BUR A9 2t4+ 0.03 ojuld
3, FF Hoj7b 1omeln xelAed #E A5
cmel 7g°oﬂL BUR™! &A% 4y giglovd £
26 HE F77} 0.5cmel -5+ 0.09~0.19 7

ek



1.0 [-

1.0%

B U R

1.0 T

gx8cm?Field Size .

IX7cme Field  Size

o
) FoX

| ex6cmZField Size

B— P
ﬂ

i

5x5CmeField Size

.

2 3 2 5
Air Gap(cm)

-}

Fig. 9. Comparison of BUR™! according to the field
size for Bx5cm? air cavity. Polystyrene phantom
thickness : 0.5 cm {4}, 1em (v), 1.5cm (0O),

119

a7t #s gt (Fig. 10),

a &

AR A zZAA & Zol ] whabAd o] 2 57)7)
o w2} 54 80cm~100cm Al ¥71%& 53F
3 goo] gelmz 329 IE =i 37
-2 FHdo] EAste] F U Aol 1Y At
gt E4ql g¥ gl dzxo] oste] AR o|ZAAE
Z2 Awaeks SAHDE dF oA A=
£ olaARY £} Folshd Axte] &AW A AE
S dodd 49y ez, A #9 oA E 24&
EH]E4E A7} M‘EM “Co< 33 0.5¢cm, 6
MV X A& 735} 1.5cmEE F-9o] oS JA4
so] A1 3 TS %‘3114”'”)

upeba A9 zAb X 8A] Fofol FEH-ok A
Qe AFolE 3715 ol F43 ol AAA WA 7
AR Fofio AARE 24T 4 Urh . F AR
o F5o| lod FF AF 2o & o AR AA

L

r‘ﬂ,oﬂr

o Sl BB BAel AR, BEHIAE A

2
4.5 cm (D). .
E E4ql 3710l o3 AAFFUY AHeR ojAA
| cm AIRGAP 5cm AIR GAP
(X+2)X(X+2)cm?
1.0 =] o °© © ( R -] 2 R
9} g a a IS |
.8 ¢ b
- 3 ° >
P 10} XxXem® | o o ]
B ot . a A |
A 8t ° [ [ o
o
T s ! s 4
° F-Y
6 -3
S5}
3
s 3 4 5 2 8 a1 5
Air Cavity Size(Xcm)
Fig. 10. Comparison of BUR™! for the various size of air cavity as a function of the field size, the air gap, and the

polystyrene phantom thickness. In lower portion the field size is equal to X x X cm?. [n the upper
portion, the field size is equal to (X + 2) x (X + 2) cm?. Air gap ; 1cm {left}, Becm (right). Polystyrene

pnantom thickness ; 0.5em {A), 1.5ecm (O).



120

7} AAgo] zpobx FEA Y A o] s o|xA
#ke] F7t o olo] Frl-z2A g A A
g atet EAlQl 2o o7 o| AR A= o
A ARG P 2dslA Fo2 dglelel 2 A
A gfF ot F-417F A F oo,

el Iwdoll A FF7A o 23] F7, 359 2
ZALoke] A7), F5WH EAY dxet o
ApepatAlo] oA d stof wha) o] apAR JAdgo] ¥

2 4 o] ofof wE A FEI A A gEo)
P4 Aol7t wigtd oz A gr|rlof] whE oui=]9 A
ol & =AWk Aolof] MtE F4AFE) AT 2
FA o]},

Epp5< %°Co A9 ZAMA]+ 4X 4 cm2e] ‘ZALolu)
ol F5ol TAE Aol F5ol Yt 7ol vlaled
¢k 0078 BUR™ &Ax]9 zt4§ HAsIP, o
F e zAlof 7R 10MV X Aol 93 BUR! &34
A 0159 Z4L£E Badgdr, =g 27)-z27
AHolA AAdFF7t HnAdAz e Al “Cos y
ARt BMV X Ao} & Ao m ¥ Pchd, ol o
Uz 7L gobd 4 & Aol 9ste] AAs = o
AAAL 7t FHE 2, dUA A 55 AAHH o
AR} Aukabeks 37) wEol

A9 Zdold FE7kAe] 24 FA HlAaF
A (dmax) 2o} ztow] FFHE F95E o) FA=e
oFo] dmax Bt} 29 o] B& 49 o] AAAr} ZEU
E fisEnz 24 o4 F5AAY At
dmax 2z} gh& 97} 7] 7ol u]dhe] A eEs)
el Tt dmax FHRT) 7] Aol A7y
Zol7k A9 glglet, & AYPHE 6MV XA
dmaxgl 1.5cm st 54 05cme] Ze|Aela 3t
FolAE dAS A FobF BEs et 1.5cm
ol 49 FAl A= BUR'S F4 o) o]z}t A gl

7] 2 Aol

az)et 244 276l whe A BF}
Aok Azl Al 35 e 2717} 2
5, 5% w9 ar|st Aok 279 e A4
% @dd 2717t AR4E BURT 3439 2
Hoj7e] musgle “%‘“3’ + AYAE 22
A7t A5 o] zAalop Aa717) 4x4om?, F71% F
A 1em, T2Eld AE FA7 05cmoll e 2%
3717t 4x4cm?e] H$olE BUR! £3x7) 0.

o o T
ol
rﬂ

N i‘-’~

12 744381900} 2% 2 cmzﬁl/ﬂ“ 0.09 Z+4819}, F
71& F4 1cm, ialﬂaleﬂ HE F7 0.5cmelAlE
zAok 2719t % wHel @t AL A4S 5X5
cmzollA BUR™! &4 X+ 0.11 ZF4&3dFg o) 2X2em?
oA 020745, o & ZAbo 2717k E7hE4
£ 35 FAzANA A ol AAR S Akt F
5 4RzAdA 44D o AR TF AT ghe.
2 Abgts]E AR 4ol Fa9le g FHE,

27 FRIA FEAA Tk Foho LA
Aol g A el vl go] 274ak 259 ol A
A4 Z7HThY, 2ok 2707 AXE 35 A5
%oz AdEE AAsE o 35 B 271
B} 2alof 277} AW FF —T‘-ﬂ&ﬁ"“/ﬂ 444
AR F712 ok} T AREA Folol He o3
< HolAlrh, E AYoAE —'o—%«] ZHol7t FA%TE
AAFF7t @At A 27]7F F7He)
= e A TGS AAL A B

Aok 27 thEAR Tl HlHA %0
2% Aol 2ok 2717t FoAeel whet AALS
Z7tel A=A olAleh ol 35 791 2404
BYE ol AR Aol 9 Aoz 24D

QA8 FA%o) TAR Fodol AT RAL AEA
SENES P E D ECOENEIREL S8
s7h e gomz, 47 2wy 4] 246 o
3lo] WrAlE Foke WAl A BAlE ARl £]
AE 27127 £E F5l AAH P4 FFHI
o] A9 BAE 4 glo] o] FaALA AA
9 4 ek 2zht & AYART B712A 0] 2o}
Wel TSl A% Exlold FER AeiF 15
omel el Aol 257 FAE 5ol FHsied
224571 B4 7ol FE7e ARE AL 15em
ooz A} FERTE A4 2cmol A} AHE A
At A8 7S F5ol A% AT wALS
HEAD F &g BelFa gl

& 1=

37152

BMV X A& ALgslod Zaloplol] 2713,
259 EAA] ASA AFE2AHL APl e 2
L HEL Agrh

1, ZAlok 27171 35 2sle] vlsied 248, =4



Agg7t7 dxstdem 15cm olatellA e vlad
23k

3. 35 Aol B Wity Atk AVt 24 ¥
w4 FEAe Aol FFE WU i, F
T Aolrt SIS A St e dAsigs

4. G oz FERL BEH AMUE A TF
A Aol 2HFHEAE Faste 3% A=A
o) FA% 15cm o|AoZ A 2Alob: FER T}
2cm oA A F 2 FFo) A7t AAZTA

—

REFERENCES

. Johns HE, Cunningham JR: The physics of radiol-

ogy. 4th et, lilinois, Charies C Thomas 1983:pp 133
-166

. Khan FM: The physics of radiation therapy. Ist ed,

Baltimore, Williams and Wilkins 1984:pp 157-181

. Khan FM: The physics of radiation therapy. Ist ed,

Baltimore, Williams and Wilkins. 1984:pp 239-273

. Wong JW, Henkelman RM, Andrew JW, et al: Effect

of small inhomogeneities on dose in a cobalt-60
beam. Med Phys 8:783-791, 1981

. Lulu BA, Bjarngard BE: Batho’s correction factor

combined with scatter summation. Med Phys 9:
372-377. 1982

10.

.

13.

14,

121

. Kang WS: Calculation method of dose distribution

considered to the contribution of electron and the
discussion on the results. Post-graduate school,
Seoul National University

. Scrimger JW: Effect of air gap on absorbed dose

in tissue, Radiology 102:171-172, 1972

. Lin FJ, Cheng TC, Tu CP, et al: Reevaluation of

dose distribution in the region of small air spaces
in human body by Co-60 beam and 10 MV X-ray.
The 5th Asian-Oceanian Congress of Radiology.
Abstracts 326, 1987

. Epp ER, Boyer AL, Doppke KP: Underdosing of

lesions resulting from lack of electronic equuli-
brium in upper respiratory air cavities irradiation
by 10MV X-ray beams. Int J Radiat Oncol Biol Phys
2:613-619, 1977

Beach TL, Mendiondo MS, Mendiondo OA: A com-
parison of air cavity inhomogeneity effects for
cobalt-60, 6-and 10-MV X-ray beams. Med Phys
14:140-144, 1987

Trump JG, Cloud RW: The production and charac-
teristics of 3,000 kilovolt roentgen rays. Am J
Roentgenol & Rad Therapy. 49:531-535, 1942

. Richardson JE, Kerman HD, Brucer M: Skin dose

from a cobalt 60 teletherapy unit. Radiology 63:25
-36, 1954

Epp ER, Lougheed MN, Mckay JW: lonization build-
up in upper respiratory air passages during teleth-
erapy with cobalt 60 radiation. Br J Radiol 31:361
-367, 1958

Nilsson B, Schnell PO: Build-up effects at air cav-
ities measured with thin thermoluminescent
dosimeters. Acta Radiol Ther Phys Biol 15:427
-432, 1976



