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= H: Total Scalpe| A X|= Al EHMZHsurface dose)= B7HAIZ(7] ol =& 2 A (bolus)E A SICE olof 2 XX}
= FI(scalp) MM E H&= =LA ZA Bolx-ll, paraffin wax, solid thermoplastcg22 & 22t M2t Helmet bolusE | &5t
0of #EAMS vl I 20X} Stok

CHAM G HHH: Rando HES 0|85t FIl DY EF(maskE THE &= MA| JLI01I Bolx-Il (Action Products, USA), paraffin
wax (Densply, USA), solid thermoplastic 2! (Me: Tec USAI2 05 cm FHZE SLstA M-E5t Helmet bolusE 2H2H M= st
El 2+ Helmet bolusoll CHet E21& S48 Hotstr| flal Mitst E%%%i(oomputed tomography) (GE, Ultra Light Speed16)

2 AMd F AR 2 H & A| A (radiation therapy planning system) (Philips, Pinnacle)2 0| &35t01 z[& 2| x| 2 A & (radiation
therapy plan)2 M0, 2t == 2 A (bolus)oll CHet &= i sHdensity variation)2he 2415Hct M2k 2 3% (dose distribution)
= 7Hevaluation) & I8l M2k M| A E I (Dose-Volume Histogram) (DVH)2 0| 23l %.'QENHP“(CImloaI Target Volume)
(CTV)oll Bt st Dose-homogeneity index (DHI, Dgo/D1o), Conformity index (Cl, Ves/TV)E, M4 & =

M
b

A| o
Voo, Vo 242 75101 H|W SICE S & MZEAIZEE 55t MEnYoMel §2848 Hotstdl, dgadaA
(Thermoluminescent Dosimeter) & AL&sto] A X[ZE Al 2 Fx| 9 :
2 }: Bolx-Il, paraffin wax, solid thermoplastic 220l tf 3 X = =% (density measurement) 22} 0.952+0.13 glom’, 0.842+0.17
glem®. 0.908+0.24 glem®2 Bolx-112] 2 = 3Hdensity variation)7+ 7F&F ZFefct Bolx-ll, paraffin wax, solid thermoplastic & 2
M25 Zt Helmet bolus DHI= 0.89, 0.85, 0.77, Cli= 0.86, 0.78, 0.74Z Bolx-II7} 7}& 2% stdeni, Hat==lof| 210 =(brain
tissue)2l Voo 11.50%, 10.80%, 10.07%, Vo2 7.62%, 7.40%, 7.31%2 LIEHGCE HMZE Al & 42 A|Zt2 308, 1208, 0=
0|92y, Bolx-IlIE A &8t Helmet bolus M| &fnp™o| 7Ha Zhetstict &2 28 (Thermoluminescent Dosimeter) 538 Z 1}
Ml Helmet bolus 25 *7% O|Lfe] MEAIE HEct
A E: Total Scalp2| SAMMX|IZ Al Bolx-IlE AFE8 Helmet boluse| M-&-2 CTV (Clinical Target Volume)oll tH 8t Homogeneity
ot ConformityE =01 & #0F of2} M=tAIZE 2 XM ZtdhHo| Zicksto] Al Mg Al f25tz|2l Y2Ect

ujo| FHMEE 2ol SkrC

HAZO: M T, ZF B

M B B 2AE ARSI, FHE A0S o] &8 X8
WEo| &AMsoFAE, e 2ok A4 Bl Al zAokz
2] AA|el #HA vebe 9ok (lymphoma), oH4 24 olal] Ax| F3o] Aeko] F5alA FEct?

Z%(melanoma), &3+%%(angiosarcoma) S WA X 8% Hh ol o] A& s|m A o]gst FAlEe| v 34 =
)] Wzt B lskar, EapElet e, A4 ¥ (brain) = Ack. 7H el ¢l X5 W 2. 2.4 lateral photon-elec-
A3} gheto} Qlo} X 87} A gtk o] & FHsly] S 2 tron X| £ (Akazawa)S FZollA] Al Azt AAAS A
71 57E] 47157 (linear accelerator)& ©]-&-3k vlofgt vk} gsle] X gt Ao 7|E A4S o] &8 X8
A X gne] A7l=lo] ghrh Total Scalpe] WAAIX &&= Hop B Hz2e] Aeks Fola, HA| Ful4dekd dist
AgAom Fuo] Auke Z7HZ FHoR FolviA A homogeneitys %o FUrE’ FHTol= IMRT (Intesity

S ALl gkt AR 2] homogeneity S =o|7] 93l Modulated Radiaiton Thearpy)?} TOMOTHERAPY 5 Al
Agupgol 27l glovl, ol 1% Az 2t Fo)
o] =i 20124 19 309 Arsted 20124 3€ 89 A=l Aeko]] t3lk homogeneitys S A|7|AwF x| & 7ko] .l

AJAAL 587, A E‘ﬂj A AR ST
- by Aga, FH AAzA =& Mg X7 3= A E
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Total scalp®] WA 28 A] A4 ¥ 249 WAdZS
a3} shar, THAEE 7717 Sl AAgE 24 B
Aol 4] Ago] Fasle, F X5 A7 5 Ak
oAl A fA AA Fe A w3t Fesih” wE
A Ag A 27 BAAR AdEe EAEe ESE
bolus, paraffin wax, solid thermoplastic =2, & (water), o}=
(acrylic) o] 2 Ag=|a ARk 73] 75 W97t
sl oh, meol BT A4 24 WAAE 44}
71 fA gk T2 AAE de 24 HARIEA] paraffin
wax, thermoplastic =2 o] A3] olFol|A] AL Fo] o
v, 4E3HE bolust bolus®} A} 72| #e] F7]5(air
gap)?] FAE Do g AgHA gz gt

olof] B dFollAE T AAE P 27 HAAAEA 4
#3}=] Bolx-1I (Action Products, USA), paraffin wax (Densply
USA), solid thermoplastic &2 (Med-Tec, USA)S Z+7+ A&
3} Helmet bolusE Al&ste] 2 F-848 vl Hrlel B

A g,

43} ©k239d(GE, Ultra Light Speed16)2 A3 s}t vb

W3S A3l EAEAck(Fig. 1).
2. Helmet bolus2| A&

Rando “}&(The Phantom Laboratory, Salem, NY)S o]|-&
ko] FME2 T3 (scalp) AAE D& 3788+ (thermoplastic
mask) & ZH7+ AAsRieh A WA E Bolx-IIE AH-8-3F Helmet
bolus®] A|ZtellA] Bolx-1Ie} FHFe| F7|55 243317
Al 2ol WA paraffin waxE 2|3k oFA] =& 8k
% 0.5 cm F719] Bolx-IIE o] WxA71 3 314 A]A A2
sl3t). S+ WA E paraffin waxE AHE-8F Helmet bolus®] A
Z¢ 3l paraffin waxS 314 -8-(thermoplastic mask) 9]¢l
Wz Hsk oFA] =X gk & paraffin waxE &0l 5o 0.5
em AR g W4 glgo] AAE AA AA sgick vt
Auto Z solid thermoplastic &2-2 A28t Helmet bolus+
3129 Fof] Zo] WFE solid thermoplastic 523 14 &
flell 0.5 cm®] FU3F FAE 3 WA tlge] HAE A4
7 Az slickFig. 2).

Fig. 2. Tissue equivalent material was applied the helmet applicator respectively. Bolx-II (A), paraffin wax (B), thermoplastic materials
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3. Helmet bolus2| X2 =l

1) U Xz A

Z42F A1ZHEl A 71A] Helmet bolusE Rando ZHE-(The Phan-
tom Laboratory, Salem, NY)ol| A& #9131, Mev-Geens ©]
3l A 314 Bz7|FE AR 3 A4} 539 (GE,
Ultra Light Speed16)2 A|3] 39t} wle=tod<Lalo] A(slice)
2.5 mmSl, T+ AE AA7F T3 EE Hgt £ 3=
4 55 8o o342 1A% 51414 5] (Philips, Pinnacle)
o7 AFEoHrhFig. 3). WAAX S AZ A28 (Philips,
Pinnacle)& AH&38lo] Elof|A] X5 gk 2kx}e} FdslA ¢l
AT AAA D} A4 = 24 9] contourS ZHZF 18] 3, photon-
electron®| 314 (Akazawa) & 2 FZ 2] X8 AR Ao
v, & 2230 AX 55 Gy AWtk

al
=
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Hatst
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: Total Scalpe| &AM X & Al Helmet Bolus M ZhgtHof =&k o

2) =M 3 @t

Al 7WA X5 Algell w3t AatE EE A
A s|zA el gt A=k Al s|2EadS o] g3l A%
oz BAsioleh JAEAAE HollA AEEE 7))
71 Yl EAEA] 90%, 10%7} e A Azl gk
Dose Homogeneity index (DHI, Doo/D1o) 2} X Hb412k29] 95%7}
Hk= 848 AlRkstoe] Conformity index (CIL Cos/TV)E -3}
o vlszslsiek, A4 HzAe) 25 Al 20% 9 30%
o4& Wb =2 9] &4 9] whE & (Percentage of volume:
Voo, Vi) e Tate] EAAeh B4 H=2e] Z¢ AwA
2] 20% 9 30% old& W H=zAH o gXe wiig
(Percentage of volume: Vi, Vi) Fslo] EAsl9ith(Fig.
4).

LU=

nlH.g

Fig. 4. Dose distribution of sagittal image. Bolx-II (A), paraffin wax (B), thermoplastic materials (C).
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AA X85 A 7ol ZrAdEs dRlslr] flsl d3EA
2:A|(TLD 100chip, Harshow, Gerrnany)v—a‘ AL sl =4
Ao zF Fylo] 7 A 2 cmollA] 9= A (Right Anterior,
RA) ZHH(Right Posterior, RP) S & 5}25 Z (Left Anterior,
LA) ZHH(Left Posterior, LP) 3 cm A3} A<](vertex)ol]
4] A(Vertex Anterior, VA) 3H}(Vertex Posterior, VP) 6 cm
A3, 7t Helmet bolusell 7+ 6355 ZA43to] AKX 8412
A]2<Ell(Philips, Pinnacle)ol|4] ¢ AL 7k3} v]astgich

5. MZEta2 AlZF H|W

Z+ Hemet bolusE AZsl= ®] Aegls £2A 7+ w2y
t}. Rando ;55 o] &slo] HEo 73] AAE S 14L&

“(thermoplastic mask)E Al sl A7F A9 &9y, 7
7vo] zA BAAE 314 8- (thermoplastic mask)el] -85}
o] ARrst=dl Aele AlZke SA 9

Z2 I

1. =2 E4Ae] 2 W3l Z4u|

HEALA %) 8 A) %) A] 2B (Philips, Pinnacle)S A-83to] 7} =
2 Bl WE=A AT} Bolx-1e] S 0.952+0.13 glem’,
paraffin wax2] 73-%- 0.842+0.17 g/em’,
BA o] 79 09084024 glem’ . E Bolx-T]
712 ZHA| 24 = 9 cH(Table 1).

solid thermoplastic

EERCE !

2. Helmet bolus2| MZFstH

PBIAAA T A s zA ol gt A= A s|l~Ea
HDOVH)E At os A% A JAZHAH(CTV)
9] 90%, 10%7} W= X A& Aekol| thgl Dose Homogeneity in-
dex (DHI, Doy/Dio)= Bolx-II 0.89, paraffin wax 0.85, solid
thermoplasticEd 0.77% Jepkom, xJubAake] 95971 13-
= 848 AlAslo] Conformity Index (CI, Cos/TV)E T3}
733} Bolx-1I 0.86, paraffin wax O. 78, solid thermoplastic =2
0.74Z Bolx-11¢] 7-$7} 714 <=3tk Table 2). A ¥z

Table 1. Variation of density for tissue equivalent material

Solid
Bolx-II Paraffin wax thermoplastic

matrial

Density (g/em’)  0.952+0.13  0.842+0.17  0.908+0.24
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4] 25 AR 20% 8 30% o) & B Kz §
2] 9] wiE.8-2 Bolx-II, paraffin wax, solid thermoplastic &2
FAE Vog 11.50%, 10.80%, 10.07%, Vi 7.62%, 7.40%,

7.31%2 e cH(Table 3).

X

3. &M X|Z(radiation therapy) A| EH™
dose) &2l

CEEERESE

MZkK(surface

ERATES 2l 919 T
A(TLD 100chip, Harshow, Germany) S AF&slo] 7+ Helmet
bolus°ﬂ 65'——0* 2524 g}l\-y,} H]—/K]-/H z] Eﬁ]:&l /R]/REﬂ(Phi]ips
Pinnacle)ol|A] ¢1-2 74]/‘,} 2k} vlzsk Az 2% +£7% o]

o 2AH9E Brh(Fig. 5).
4. HEtotgollM el 28d o

Helmet bolus A2+ #}A ol|A] Bolx-119] AF&-2 Bolx-11¢}
A o) Ene] F7%e) YL A2t s17] ) 18
T(thermoplastic mask)$]ol] WA paraffin waxs SFA B
& % 3] 2200l ol 1A AA 05 cme] FAG FAZ
AZro] 7hsstR AL, F AFAIZR 3002 7H A A7t
o] &9 xlow, AzFA o] Zhekelsich

Paraffin waxS 223l Helmet bolus®] 73-$- paraffin wax

£ 2ol 5o Aok sb7] wiigoll Aol Hatelar,

Table 2. Dose homogeneity index and conformity index for
CTV

Solid
Bolx-II Paraffin wax thermoplastic
material
DHI (Doo/Dio) 0.89 0.85 0.77
CI (Vos/TV) 0.86 0.78 0.74

DHI: dose homogeneity index, CI: conformity index, Dy, Dio:
minimal dose covering 90%, 10% of target volume, Vos: volume
of target receiving minimum of 95% of prescription dose, TV:
target volume.

Table 3. Dosimetric result for brain

Solid
Bolx-II Paraffin wax  thermoplastic
matrial
Vo 11.50% 10.80% 10.07%
V3o 7.62% 7.40% 7.31%

Va0 and Vso: % volume of brain receiving minimum of 20% and
30% prescription dose, respectively.



of

2 9 520

—e— Bolx-Il
10.007 --=- Paraffin wax
8.00 4 —- Solid thermoplastic material

6.00
4.00
2.00
0.00
-2.00
-4.00
-6.00
-8.00

-10.00 T T T T T 1
R.A R.P LA L.P V.A V.P

%

Fig. 5. Distribution of difference between TLD* measurement
and calculation abbreviation. R.A: right anterior, R.P: right
posterior, L.A: left anterior, L.P: left posterior, V.A: vertex
anterior, V.P: vertex posterior. *Thermoluminescent dosimeter.

ARAZFE 120802 744 98l Azbe] Z95I9lch
vpA|eto 2 solid thermoplastic &322 7% EAA4 =2

o.20] Spol o] 5ol Aoz Aok o171 o]

Z A & =2 14 8 (thermoplastic mask)7} ¥lE] ==

A1l 1 5 Skl S A A D) FAL A
M gol BrFs Gonl, AR AL 0%o] 2959l
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Total scalp®] YA x| & WS S7H1717] 1%
qoz 24 WS AL Wden 24 i
Wb e FH 2elol 1A o] ApsehAR, 53]
% 97k S| eh, Hopo] A whizel] =
AA| S 283+ Helmet bolus AJZF A] ME9] LA, &
toge] 584 1 42947 Sol weislofof s,

Wz ZF 22 HARA|9] W =ZA 733} Bolx-1I, paraffin wax,
solid thermoplastic BATAZ 0.952+0.12 g/cm’, 0.842+
0.17 glem’, 0.908+0.24 g/em’©. 2 ] WA Bolx-112]
Tl Wzt 7 Al 24 slol vk 24 Bl
vlel] D=7} FLUS Hol F9¢ir}. Solid thermoplastic £2
o) 7% e A b ol ARG 7 &
A Aolol F71Z0] 94 R, T 05 eme.z 52
5—]_1] Eﬁ]—& 01-/(]‘8]-1:}

7} Helmet bolusol] Tt A1eksbal BAn|mAs) g =
2 BAAol) )3l Bolx-1¢] o] JAEHAZCTV)o] o]
3} Homogeneity?} conformityS =Y < 99t} Bolx-IIolA]
Dose Homogeneity Index (DHI, Dgo/Djp)+= 0.89F paraffin
wax 0.85, solid thermoplastic =2 0.77¢1] H]&l] 5 3}gie

T

N fo rfr Jj

2 ol
)
24_‘

Total Scalp2l AN x| 2 Al Helmet Bolus | &} off

bl

bek o 7

N

™, Conformity index (CI, Cos/TV) X2l 0.86°.% paraffm
wax 0.78, solid thermoplastic =74 0.740l] v]al] 714 3t
ASHE Weleh ol 2 24 waAle] e 1S} hel
met bolus AJZ A] T8t FA2 AL uied=S o 5 9]
o} A ] =zZ o] 9lo] Bolx-II, paraffin wax, solid thermo-
plastic =4 FTAE Vyd 11.50%, 10.80%, 10.07%, Vi
7.62%, 1.40%, 1.31%= B4 ¥|zZ o] & Hgkxto]E HolZ
sitet”

7+ =7 BAHA|(bolus)ol] &3 T A2kg A= slaa 4
34 2A|(TLD 100chip, Harshow, Germany) & o]-8-3) 0w,
7% oluje] Alskers shelelgle). ol Ahaisst A
A5 A AL} v3t Zhe 2 747Ee] Helmet bolus &
F ouE wk AgE Byt

Helmet bolus A2} 3} ol|A] Bolx-112] %]-&-2 A|2to] 7igl
shar, 73] AAell FU3E FAL A Eo] 7hsEtsict. shARE
Bolx-11¢} 3kA} Fx|EHolA] 37229 3Ale] thdo g 2
Axlg o), 1ALl WA paraffin waxS SHA| =3
£ BolcllS ol Alzslel Teid W HAs A7
At} Paraffin waxS Z-8-3F Helmet bolust A2} & sl
(The Phantom Laboratory, Salem, NY)2| 5 7330l & A
IR D= 7k ZebAa, ol A A5 717 B9t 43
g FelE FABRE 2] olHgla, 05 cm®] FAZ A
% solid thermoplastic 53 A& & A=A o] AekA 3t
o] 7 Aol A gslr] EAE Alolut AsHlv) W3, paraf-
fin wax®} solid thermoplastic F2A2] A4S EAL =2 2
Lo it BAS o] &3l tlEole AR Aok 317 wf
ol 73 AAlel] 5L& FAL A Lol Brbs sh, wA
AR 28877F doll o3l WiFH 4 A= el AN
3, AFFA o] Frkslo] 2al Agto] ¥

ZAEA 0 & Total scalpe] WA X8 A TwAlgks =7}
A17]17] $138F B3 o 2 4 Bolx-IIE A28 Helmet bolus®] 2
zA i@:«ﬂg 14‘%*} Helmet bolus9+ H] 3L }01]
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Abstract

Comparison of Three Different Helmet Bolus Device
for Total Scalp Irradiation

Yong Min Song, Jong Sik Kim, Chae Seon Hong, Sang Gyu Ju, Ju Young Park, Su Yeon Park

Department of Radiation Oncology, Samsung Medical Center, Seoul, Korea

Purpose: This study evaluated the usefulness of Helmet bolus device using Bolx-ll, paraffin wax, solid thermoplastic
material in total scalp irradiation.

Materials and Methods: Using Rando phantom, we applied Bolx-Il (Action Products, USA), paraffin wax (Densply,
USA), solid thermoplastic material (Med-Tec, USA) on the whole scalp to make helmet bolus device. Computed
tomography (GE, Ultra Light Speed16) images were acquired at 5 mm thickness. Then, we set up the optimum
treatment plan and analyzed the variation in density of each bolus (Philips, Pinnacle). To evaluate the dose
distribution, Dose-homogeneity index (DHI, Dgo/D10) and Conformity index (Cl, Ves/TV) of Clinical Target Volume
(CTV) using Dose-Volume Histogram (DVH) and Va0, Va0 of normal brain tissues. we assessed the efficiency of
production process by measuring total time taken to produce. Thermoluminescent dosimeters (TLD) were used to
verify the accuracy.

Results: Density variation value of Bolx-ll, paraffin wax, solid thermoplastic material turned out to be 0.952+0.13
g/om®, 0.842+0.17 g/cm®, 0.908+0.24 g/cm®, respectively. The DHI and Cl of each helmet bolus device which
used Bolx-Il, paraffin wax, solid thermoplastic material were 0.89, 0.85, 0.77 and 0.86, 0.78, 0.74, respectively.
The result of Bolx-Il was the best. Voo and Vao of brain tissues were 11.50%, 10.80%. 10.07% and 7.62%, 7.40%,
7.31%., respectively. It took 30, 120, 90 minutes to produce. The measured TLD results were within £7% of the
planned values.

Conclusion: The application of helmet bolus which used Bolx-Il during total scalp irradiation not only improves
homogeneity and conformity of Clinical Target Volume but also takes short time and the production method is
simple. Thus, the helmet bolus which used Bolx-Il is considered to be useful for the clinical trials.

Key words: total scalp, bolus
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