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Development of New Bolus Materials
—Basic Investigation and Clinical Application of Solid Type
Bolus Made of Chewing Gum Base—
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We have developed water-equivalent bolus materials mainly for photon and electron beam treat-
ment, since electron beam has come to be used more frequently and plays a very important role in
modern radiotherapy. Akanuma et al. already suggested the usefulness of chewing gum base (CGB) as a
solid type bolus for proton beam.

In this paper we report two bolus materials made of chewing gum base which have special
characteristics in thermoplasticity, easy handling and radiologically useful properties. These bolus
materials are developed by means of proper adjustment of the components equivalent to water. CGB-4 is
designed to make effective atomic number and relative electron density equal to water. CGB-5 is
manufactured with an aim to approach the relationship between CT number and electron density
relative to waterlike human tissues.

The results in basic examinations on these two bolus materials are shown and the process to con-
struct a bolus is presented in a case of recurrent carcinoma of the breast as an example. Because CGB'’s
belong to solid type bolus, they possess the advantages of repeated use and easy set-up. On the other
hand they cannot contact exactly to irregular skin surface. Optimal utilization of CGB’s bolus including
combination with liquid type bolus should be investigated hereafter.

I. # & T target volume A DB OB EH Y HF- Tk

B o BUAHR 1R #E o 8T % 5 megavoltage b, bolus X orthovoltage RO EEM: %4 » T
photon beam TIXfFIR D#EEE % missing com- W5,

pensation filter?, inverse compensator? CF&i L —0, F, BEEBTFROGHERE, BHEM

BEALTETW5Y, BFRORELHAS T 5

‘B AHWEBAFEFHRISHRESE#HE } DIk scattering filter® & bolus 73 525, i

FEFI604E 2 A25H (37)
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Table 1 Percent Components of CGB-bolus Materials
. . . . . Magnesium .
Polyvinyl  Microcrista- Polyiso- Abietyl  Stearyl Mono- Hydiaged Calcium
Acetate lline Wax butylene Triglyceride  glyceride Metasilicate Carbonate
CGB-4 21.0 59.0 1.0 8.0 5.0 2.0 4.0
CGB-5 21.2 59.6 1.0 8.1 i | 2.0 3.0

ELBEEFPI D =k L ¥ — B — RIS B D L
<, iR TERy, FRBETFHEX I
homogeneity 4512 22ifIc X b ESA DK X <
L B997c iz, bolus A EMICHER S BHE L
TETFHROMRELXRET B LXK THD, *
R RBARECTERNCEE S EHLEND
5,

chewing gum base (LLFBEL T CGB) (13T
WCHRIE BT BTFHEED bolus ¥ & LTOEA
PERTEBLTWED, FxlBEF - v H A
HoWhxE T, CGB ol THT 5 &
wwE b, ARFEOMAEBHITTOEEFAL,
SRR & SR Licb T, Ao
MItEc@ERLTE Y, ROLRETETCES
3% bolus # ZFE LicoTHRET 3,

II. AR UMRHE

1) #Esk

E &1 75 CGB-bolus #f ®BAFE L LI T 0@ b
ﬁofc.

a) EH D CGB IR FEL 15g/cm®iij & TH 5
2, 79 7 AEOEEEM2.554 L, o
BEHEGD, =7/FxvyvaMg), #rrva(Ca)
D3 FxFNMEORIER]L/3~1/AET R, BE
#1.00g/cm* T E T, x5O
WA LEHRETHES Z9% K0 L hicff 5,

b) CGB Ofo¥izt:, MR ES I LT,
T mExes,

4 1x@E o CGB o—FE (LUFrE LT CGB-1)
D HMP)L Ca BWCTIEK, » 2B~ %>
v & (Mg,H; (5i05),) DREZET 2742,
COHETRZ LENETHBE (") OWEOMK
LIRS AL, Mg, SiOltER T
LA L, REEA > A(CaCos)TZ &
BEORHELT-7, 25 LT TELDINCGB4

(38)

Table 2 Percent Elements of Materials for Bolus
by Weight

C 0 H Si Mg Ca
Water — 838 1.2 - = =
Paraffin'®  =g6.2 — =13.8 — = =
CGB-1 64.6 20.8 6.9 4.7 3.0 =
CGB-4 77.5 12.5 7.5 0.6 0.4 1.6
CGB-5 78.3 12.0 7.6 0.6 0.4 1.2

Thbh, 2DbDD CT number 45 TH 5,
¥ iz extended-Y #P %2 2% 12 CT number & po*
P ANEEBEOERBMRIC X VEM T 00 M
CGB-5T Z ® CT number (910 CH 5. CGB-4,
CGB-5n ERIC & % FRHERLLL % Table 1ic, X,
paraffin, CGB-1, CGB-4, CGB-50 EELHRMR
Ho# Table 21”3, RIRGEFARERRH ¥ 128& <,
CGB-4, CGB-5DEH M’ E LB TET LD
T, ORI TRIEELHILTS.

i, < ® bolus #iX2mm, 4mm &6mm DE &
T, K& X25cm X 25cm OFAE G h HL h 55 K
EETHIE T, ThiER, BKRERCHL
7.

2) EmriRE

a) B DORE KT

CGB-1, CGB-4, CGB-50 # T ¥4 & e 5
foiz, JIS H#8 (JIS K 6301 A2 7V v 7 E X
B EWIE L, K& E15cm X 15cm, JE
X10mm ORBRF, &4« 107> 10K, 0,
10, 18, 25, 29, 35, 40&X45COERE OERIY
i 4%, % oy T Shore’s Durometer Type-
A (LBBFRTE) CHEEXREL .

b) cobalt-60 i\ FRH T DRI EE FREL

CGB-1, CGB-4, CGB-5 & g D fo bk, Mix-
Dp, lucite, polystyrene, paraffin, Thermosplint

AABERSE 5% HZE
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Fig. 1 Schematic diagram for measurement of
relative linear attenuation coefficients with nar-
row beam of cobalt-60 gamma rays.

(KR BEREHPIZERT) O &% E T cobalt-60D
VIR EF T, oM REERE (u) & HlE
L7z (Fig. 1. Mg, FEomessixmi2s [
—THEEHI15em BEREL L, EX#5cm o DT
HIE Lz, SHEEL,000kV, range 60, il ERFES, 400
#, gross count region; E:+4E=1.25+0.16
MeV DRIFE&HETH o1z, B v v P RIZTRT
8 X10*Lh LTz oflEY 2 BT, ZDOFHER
WEME & L,

c) BT ROBEIMEN EREE

EFROBIN, #ELIKEIFFIELL TS
polystyrene & CGB-1, CGB-4, CGB-5% EL&F L
T, FEHEMHELRIE L, ESmEs (G2
LMR-Z#) ©10MeV &12MeV @ = F A F —D
BFREHA G, WEREOBFAENSED, IR
—cone DEERD EEHEI0em, cone D FEvR A b HIE
Yo FE ¥ THIMm, cone (I1.0cm JE D lucite
BTI0cm BEEO b DR HH LIz (Fig. 2). E%E
BEZATIA0. 0555cm® DT i Y B HE4E (N uclear
Enterprise #:#12534) # v BicE &, B
=250V OBEX AR L, EFINES CHRE

FMIG04F 2 H25H

B L34 381

—10.0cmg Cone(Lucite)

Chamber CGB
- P =£ﬂ!=_—?_"_=: = ——
tem W Be==————s=e————x ____-lLiile
JF' i ——— || E—
Mix-Dp
_/"_F‘—
10.0¢m —1
— Couch
I FLucite)

Fig. 2 Schematic diagram for measurement of
relative ionization of electron beam for various
kinds of thickness of polystyrene, CGB-1, CGE-4
and CGB-5.

E600R/min. T monitor fETL00% A L, iR
i (Nuclear Enterprise #£#!, 2500/3%) <l
Lz, E#INEEE DEF R D calibration 13+
3%LIA, HIERFOSKIE22TC, SET8mmHg ©
& - 1o, PFE L polystyrene (E5mm 3°2, CGB %
#4mm & #6mm O R A E 2 Eh, F 2 0mm
B b SEFRIR (Rp) O 5mm Bl B 2L THIE L
7o,
III. #% F
a) WEOREKRIEHE
WEE % Shore-A THb L, #EETCOEEY

= 100
o ~
EINN
= AN
RN
§ % A
o \
T "\\ \
W\
i 5 \R
0 20 40 °C
Temperature

Fig. 3 Relationship between hardness (Shore-A)
and temperature for three different types of
chewing gum base. © ! CGB-1, A : CGB-4, m :
CGB-5.
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Table 3 Radiological Properties

Da) 2) Pa) 4)b) £)b) 6.
pem™t u/pw P NAZ/A Z pe"
Water 0.0626 1.00 1.00 3.34 10" 7.51 1.00
Mix-Dp 0.0626 1.00 1.03 —= Sk —
Lucite 0.0722 1.15 1.18 3.25x10% 6.56 1.15
Polystyrene 0.0635 1.01 1.04 3.24 x10%= 5.74 1.01
Paraffin'+® 0.0535  0.85 =(.81 =3.45>10% =5.51 =0.84
Thermosplint 0.0714 1.14 1.15 3.28»10% 6.45 1.13
CGB-1 0.0687 1.10 1.14 3.21 10 7.63 1.09
CGB-4 0.0628 1.00  1.04 3.23% 10+ 7.51 1.0
CGB-5 0.0625 1.00 1.02 3.23X10% 7.25 0.99
1) linear attenuasion cofficient for Co-60-rays
2) ratio of u to pw(uw=0.0626)
3) physical density in g per cm®
4) number of electrons per gram
5) effective atomic number
6) electron density relative to water per cm®
a) measured values b) calculated values
Fig. 3it7 m » } Lz, CGB-4& CGB-5DHEE i ",
BIBELIL TV 525, CGBADHMBEI L A5 100 /r‘ﬁ *\
EZE{LoEEAkE ., CGB-1IZE 2 Hiw b~k
B A RE THREMME <, $930CTHEEN 01
7%, CGB-4, CGB-5TIX40CEChTNnIcHEE c °
BED, &R (37°C) Ti2#100 Shore-A FET ¥
b5, &
b) cobalt-60D I\ HRH T D EIRIIEK S B '
ZWE DX RBIRN (), EWED p %K .
DIFWIGRE ew TR L7l (u/uw), BE (o),
FtE Tk DI 1g Uiz h OBFH (NLZ/A), £
RF&S (D), HNBTHEE (0.*) % Table 3ic '
3. CGB-4, CGB-5DMIAHREL (R0, % h % AN
£.0.0628, 0.0625T Mix-Dp, polystyrene & Hr~< o1 2 3 1 & © o

T, CGB-4i3+ 1%LIA, CGB-5ix— 1 %DIEH
VAR L Fe @2 S iz, BYE D cobalt-60D 41
MRS AL p" E BT LIETH » 7o,

c) BFROETHENEREE

ICRU Report-21'%, AZARBEZME G5 S
EWCL 77 v b —2PWETRVLOD rad i
fRE (Cp) BEHIhTWEVWDOT, HEHOH
HEZ N EREE TR L, 10MeV &12MeV
D 2 D0 =F A F -0 polystyrene @ FEEPEL.5
cm DFREFFOFAMER100% & L T, polystyr-
ene, CGB-1, CGB-4, CGB-50 % EBEEE Y 7 = »

(40)

Depth
Fig. 4 Percent depth relative ionization curve for
polystyrene and CGB’s. Solid line is based on
concoritant measurements in polystyrene. ® :
Polystyrene, © : CGB-1, & : CGB-4, m : CGB-5.

F U Fig. 4iz10MeV o #E R 2R R L7, polys-
tyrene & CGB-4itF— DM B EmME & /x v,
Fp 133t w5.15cm, CGB-5Tix4 LA IZ{H ¥ Rp
5.20cm T & -7z, CGB-57T I polystyrene IZ.
<+ 1%®D Rp, CGB-1ix—14.6%D Rp T & -
7z, 12MeV THEIFEOFBRIB L hi,

HAERSRE 2545% #2485



IV. BRER{ER &

FIEME BRI Y = 74 & LT bolus O EELT
BrIELE - CTHBET 5,

1) % D bolus D %35 AL O [BIERRE KT F 7213
CT %# Y, bolus DEEFM, K&, EI&E
35,

2) A—=H—=mbHHAEh7z2mm, 4mm &6
mm OFEFCRD CGB @Y K & 2 w35
(Fig. 5-a),

3) S50CHIEDRBIZH 5 ZHBTEHAL IS
(Fig. 5-b). Wb DIFEREBLNL LS,

4 —F, BEOEEMEICK, #H, Y57y
F7EREBMAL, CGBAKAE LWL 5L T
b, 1HFo%E MBEELRVX TV
WitEAERS (Fig. 5-c).

5) bolus ®E X% CT (Fig. 5-d), WBEHHEE

mell

a) Thin sheets of CGB (2, 4 and 6mm thick)
are cut in order to fit planned surface site.

b) A sheet of cut CGB is put into warm water
about 50C

FAFN60E 2 H25H (41)

¢) Softened CGB sheets are covered to leave
no space between skin surface and CGB bolus and

then piled to the planned thickness.

d) The thickness of bolus is measured with CT
images. Marks (] | ) show the extent of port
size.

Fig. 5 Process to construct CGB bolus applied to
a patient suffering from recurrent carcinoma of
the breast.

EEOCHELRET S,

6) —BEE{EM L7 bolus XKz A hTk< &
Epete, REERTES,

i, CGB &4 efiicflE Lic bk Tl
L, BIFEDY, ThThEDLRGERHLIT A 2 -2,
Ry O VEOBHTENMIERAS, 0B,
MR I B LIt b,

V. fERER

BAE ¥ TIRISHICHEH L T &7 h,
W TFEGI R IRRT 5,

1 Toi%, F M, KV D A A S malignant
cutaneous histiocytosis, & ¥ &30cmx30cm, &

TR
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Fig. 6 Case 1. male.

Seventy-five-year-old
Malignant cutaneous histiocytosis was dis-
seminated over mainly abdominal wall. A bolus
of size 30cm X 30cm, thickness 14mm was layed
on the lesion. With 8 MeV electron beam, 30 Gy
was delivered through multiple abutted electron
fields.

214mm @ bolus # {E# L, & K © cone #1838
cm X 10cm TH % DT, 8MeV OEFH O multi-
ple abutted field T40Gy & (Fig. 6),

2) 65%%, &i, EFREME (t2 n, m,, stage 11D),
FYERE LT LEORH A BT & cobalt-
60D HF A CEE L7, BB IR L EHE LED
BELTHERL TS0 (Fig. 7-a), BTHRE
#FizE L, CGB-bolus Ciif: LTEHIZ LT, 12
MeV BEF#T30Gy B4t L7z (Fig. 7-b).

i, bolus Z {8 L CHESTHE, LT EMRE

IS 50T, YRR EEMRIGEMEL b
DTHEEIPLETHS,
Vi, # £

1) EAFAY 72 bolus # &1

Moyer 5, #HE 6713 bolus FOEEE LT,
I, EHEECER, BB THH, BELKE
A M (1.03g/cm*Ri) TH B Z L ERRFL
Twb, F@VRELERT I, ERMEMG
CERRT, HHOREEIE\ - &2 &ML
5,

2) WA DT-cIk

BABRERLBEL FbhTREEOB V- WE
DA s B bolus WE KL TE 7.
BEOEMTcIEHRTNIE, FEcEhi
TIAFy s HEAR LIRHETHD, T

(42)

¥ L.\ Bolus #pE 0 BSg B3 5 Hr5t

‘*

y

a) Left parasternal and supraclavicular field
where the region was concaved by operation was
planned to flatten by CGB bolus for electron
beam therapy.

..q..-.-m.-..-

b) Parasternal field was irradiated with 12
MeV electron beam. CGB-bolus was attached to
the chest wall to compensate the thickness of the
soft tissue within the field.

Fig. 7 Case 2. Sixty-six-year-old female, Post-
operative breast carcinoma (stage III). Firstly
peripheral field was planned to irradiate by the
combination of electron (30Gy) and cobalt-60
gamma-ray (20Gy).

bolus XF T B IEEFTH 5 iy S4:-T
TRVDT, BAZETEE DY, BEHICHEBY
EALTE, KBETE{HWEOREMED X\ CGB
BB 755 bolus M DEEFREE 1T - 2.
KADITo 1 TRIUTOERYTHS,
a) MROEE, Biw: x5 v EoMAEY T
W, Z & phiK & &R e CGB4, Z &

P4 LIE A CT number & po ¥ AAERBIFRIZ

Jiv CGB-5%BAFE L7,
b) CGB-bolus # 1o %35 22884, FiR

BARERSEE 458 H25
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T bolus &, HELRVWIILCERY » 7 R
OREELEZEMICERECL 2EEY LA SE
S7Es

3) CGB-bolus @4

a) CGB-4, CGB-5ix#aH o CGB iztbx, &R
BT, BENERL, boMEE BHOEIMEV0O
THIIHEAER TS,

b) cobalt-600 y $ROFNMEEEERE, BEFH
OHXNEMRE X7 7 v + —2HWHETH B Mix-Dp
¥ 7212 polystyrene & CGB-4i% 1313 [ — @ & 23
B6h, CGB-5TI u 13— 1%, Rpix+ 1 % DIk
ISR LI fEAE bR,

¢) TRTRERBHEETCRDLhIAREM T
TETWAHDT, FEEKWMOLN, HECESL
TEALTHEEELRE,

& F TObL oI b OEEKREFER» B

d) bolus DIER AEREEE I EY LE 2D
h, B2 CT, BEEAEEE cClIE Lilg T
5,

e) BH TR oI, EREE, & 0 E LFEHR
WAL ~® marking 7e EF O TR BUNETH 5B,
FHCLCEFSRTH, HFREOMMDIE
Ficil, TLFEEIRBohinvw0T, Z0%
&1 liquid type bolus” & O BtRAVBMNETH 5,

f) CGB-bolus I RKAH & —HBEFLTE
h, BlResEloEboxbH VB35, CT T
BERENYHRT X, ¥ 72 CT number » CGB-4T#
45, CGB-5T#10T & 5 DT, artifact 23HIZ < <
pixel by pixel I X 2R EHLEZH T WE 5,

4) fiso bolus # & t#E LT CGB-bolus D&
E:3

Moyer 57, Sharma B¥IL7 7 AF » 7 D
Bk b D% bolus & L TR ICEEE X8 T
WBD, ZhbTREEENEL,

AT T 5 A F » 2 X InBEECREE TR I
BHEIRDHZELTEDD, p"750.98~1.06D 0]
CAZLDIRWFLRRVCHEIATWWY, ¥
% D75 AF v 7 CXCT number & p." 2 E
BB L 2 E RS ht\ 5™,

—73, K ¥E® ligluid type @ bolus (30T,
BEEZRVY, DEoBRIELRKEL, R

MEFI60<E 2 A25H

- 134

(43)
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EHERATERWREDND D,

5) CGB-bolus D )i

a) bolus# & LT, 1) BFH CTlirapid fall
off DFESAI R AL, Lind target volume %
H—cBET B, Bicl2MeV RO B F
MOFHEBROZRIM I H D0 B HERT
5. R, WAE LTRIIEOIEBE, i,
BROGRE, WEk X OHRE LERSY, By
v SRR~ boost B2V, cone I X B O
AR OBRD build-up #, EMERECRET 5%
B0 build-up #ICHEE2H 5, i) X, ¥ BT
EBRA OB OMES T OHE O DD bolus,
EEEMER O build-up # & L THEANTTEETH
%, i) BFRCLERTRELE 2D,

b) BELIE O BINH & LT CGB-bolus ¥t inT
@R EBEMYE TH 5 D T photon,
electron beam QWM & L CORESEH B, &
FRCIFERHE, nEoRHTONEADRRE
shielding 1= X 2B FEE2ORPH £ LT, Fic
X, yRopHoSEA L InEAGERT
EhbLORET OISO BRI & LToOH
AnEzbhs,

6) SHOHE S

= BB FE L7z CGB-bolus $ix, #HKiB "D 45
T X solid type DILERHIE LWL OWCET
%. solid type @ bolus (X {FEDET & i Eh &,
¥ 7o B ERTE O B FC X B HTM T M IS T
¥, BEIREOhRWLWRENDD, ThbExR
R 5i1cid, FEEELE, 7 ko liquid type bolus
B, BB\ X solid type © % @ & DGR
12k 5 bolus #{EBLT 2 NEND B, ToBi 7oA
EhedTRT5 &k, SBIMIHECENE
ENgL, BEROELO 7\ E AR liquid
type @ bolus DS b EE 5,

CGB-bolus DEREFFHE L, T oEHERY
¥IHETHTFETDH S,

VII, # BE

D A0 CGB oM EER, TXTHZ LI
X b, BTN T, T @i bolus 48 % B
FELk,

CGB-4EBET&HS L M ETEELX KO X
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hiortldeicbothy, CGB5IZCT num-
ber &N FHE OBIfRE ARk £ ik
et DTH 5,

2) EBERET T, CGB-4, CGB-5IZ&RE T
CGB-1X b dBEEIE -, F 7z cobalt-60F v =i
DRI ERE, BT ROFMATEEE S,
Mix-Dp # 7= i% polystyrene IZ3E 5 IC 8L L 7o &
REBi,

3) BF#HAD bolus DYERLFIE, He b 6 FEF
TRIRLI,

4) $E3E @ bolus # iz <X T, CGB-bolus @ %
#, B oxEEYINLIE.

5) bolus & LCOREFIO I, photon & X
W electron beam O ¥ELIFE O WILH & LT D
BERLI,

ZOHLOEE LA AERERS YL HEIE R T2
(R R) & 58430 A AERFEHS B ¥ L84S (BRE) ©F
#L1,

CGB-bolus WE DBAFEIME F = — 1 v # ¥R EH:,
BB EEMEETE, BHEE-HEBoWhrETsE
B LT, EEBRo—xmEEREER St oPRESRTT -
e, WHOBMCEML £, TR, EREMCYR
DEERENE, BE LT YA i, i
IEBHAE, GREISEHCREL T,
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