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SHAIR0{: long extension (LE), rounded extension (RE), 2AIX} x| 2, supporting bar, ofl o174
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PR ABE & A He T PAAE o B AUAT & AFES aToHe B8R Sl AR
clotronsllAl 9] 0ol e SEZ JMEAA AR W HE e Az wALARel vl A5 st
2 o83 F2A e sfalshe A avols) g wwsjgle. et Ao AU HEE o T
R WA B e Bolol ek eAD A o §%, FAY B Lol 2k 5, Ak AT,
el 4ol SR AR WA AEAES F 79k 5 A A el AH Fu A2S Wk gov)
AR} e ARel A Sokel ARl 71 Aol ulal Azl i 3] S olo] £
Fopoll L), oAl Az AEE w4 s o Alolg U AEgel S AnE wisha et
1ol 9|2 Brage peak)eh BH o] 1L B PAAL s, Awek, AFARL, A B2 HNE AT of 2
F338| £H5E 54 AU 9t olEe EAoZ 93 T extensionol] FHA X EE 9] Fch(Fig. 1). Extension
W] F]Zol|A] WhlEl 4= 9= whAAl A4S H 43 PPS (Patient positioning system)ol] H-Zlslo] Algsle= 4%
A Fofoll 8 A RS 2Ale] X8 AXE Sdist o] FH9X|9}F HlS3E JES sl AX|E PPSE FHtoll e ex-
Al 4 9k tension?} e17slo] 1A = QI E=EF hole, locking disks, pins
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B zA} A] extensions Ax FhAfol|Al kA=)
Hlo] SZoj71A] = &dl|, %A= SOBP (Spread out bragg
peak), Range 5 7]&2] WA X589} o} EE1F SA4S
7HA 3L 947] wiitell extension®] EAlE Wl AdkE ol 3t
A A& A AelEo] B 4= gk

7]&oll 4851 long extension®] 735~ W% ZHgkol]
UE ZAF o]Fo]Z supporting bar7} EAtcH(Fig. 3).
2 Qlel) X5l e Algte] whA¥sH, g}t AAIE ANE A
9130] Holol wfeh extension] Y Japol Sl A
Eo) Hage] 47IekY

gk FARERe] Hlof|A] supporting barE AU7HA] k=S

2 M

=

Fig. 1. PPS attached to the long extension.

X 8A1ES Aok star, HER|S} extension?] FEo] WHAY
o2 ke dlfof sl ikt JHER] Ao Al A
A 7= ollo] 7 (Air gap, WTt A= Aole] A& F7HA
7 S 7HA 3 etk

oflo] 70| Z7}sl ulhe-od(Lateral Penumbra) <o) Z7}
s} o]ol] we} maximum dosez}2] =712} minimum doseZk
9] 742 ©l3]] homogeneity index Zke| =7}&lo] PCTVUW e
He] Aol "o} el X 5ol 2L 4% out-
putel] 4 |7 % g}

T3k snout sizeol] wke} o]-& 7153k JHEE] ZtEr) PelA|
Al Ze}. Snoutd HEAell whe} @100, @180, @250 8 T4
o] 9o snout| AA] ¥H73-2 135 cm, 179 cm, 279 cmo]
Ak AT A S8 E wheT] fIst Rl He

Hole in
extensiontab |

Fig. 2. Disk and button on PPS side.

Fig. 3. Scout image and CT image
of long extension.
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Long extension®} A4 A2k rounded extensionE G274
EAL v sl tH(Fig. 4). %A %) 27](Proteus-235, IBA,
Belgium) S ©]-£8}o] Snout size (2100, 2180, @250)H =
ALkl 2] o] & 753t JHER] AR E golrgrth

Humanoid phantom<E3. CT (Light speed, GE, USA) 9]
28 191, X EAIZA A8 (Eclipse, Varian, USA)S A}
S8} snout sizet FALEFl| A 9] oflo] 9] o] E vz
Bk,

A= M =st M X x| 28 Rounded Extensione f&4 ot

2. Rounded Extension2| £7!

Rounded extensionS A|ZfsiA| = 714 £ 57| A
ol A o] & 7hsdt HER] 9] At Q3] X8

Al B3] 919)7] wiirelct webA rounded extension
ZHER] ZHE o] AlZhE 43 & = v W E A
c}.

AL carbono]™ & #A-L- 50 %100 cm’, 71 5.5 cm,
352 210 kg, sagging 0.3% o]3}/100 kgZ A|2Fsl9 o,
HASA extension™-S FEA YL T WO WAL
369 cm, Zol& 9.5 cmoE AZbsleict. 12|al long exten-
sionof| 2] 2} 2FA] A& A] supporting barE |3l AS F
slof A Ag Hekslr] 9zl 2 Zwoll AN sup-
porting barZ $Jlch T ] PPSol] AXel= oI Hj=
long extension®} FYUsHA| sfo] A2 A Bgro] glE5 3
Ach(Fig. 5).

Fig. 4. Long extension and manu-
factured rounded extension.

Fig. 5. PPS attached to the rounded
extension.
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3. Snout size o| J=3H 4]

HeER|ZtE 24

M

Long extension?} rounded extensionel] humanoid phantom
= E3 FYA X BI)E o]83to] snout sized o]-& 7}k
MER] 22 Solrgie

Humanoid phantom-2 extension®] Z¢}ol] il phantom®]
Ehof| #fdsle 3te] Tl F (Bl dlolAE A
A|A ZFeko] £o] 718 Yx|gcta 714+t Snout po-
sition- 35 cm®E Ak o] | B B A X8 A
FAkeES] beamo] So0]7H= $ka) 578 A S & snout po-
sitiongk& ZARE A3 FX]oll ZA3E Fhe]tk(Table 1).

MEZE 18055 7o 3sho] 3|HAIZ AL supporting
barE 5sto] beamo] YAFE= 2S5 FI8l7] S8 light field
2 3elslgd om extension®} snout?] FEo] A7)# &= 7+
=2 W91% Qolugie

4. Snout size (2100, 2180, @250) of|0{ZH XtO|

=]
2y

Long extension¥} rounded extensionol] humanoid phantom
3 CT RS 3lglom %8 A2 (Eclipse, Varian,
USA)= Al$] Kokt

olo]789] safety ranger 2 cmoE A% At long ex-
tension®] F77} 5.5 cmo| B R A vlskol|A] T2 0l
ool 2 eme fFAlFHE A2 E7bssich 2 X5 A%
A] extension AA|E- contours}e] olloj7] 2 cmE FAFEF
sl A5 AR A A3 oflo] i FANT A 3k
Zolu g extensiont} W AET Aole] AlE ofn|gtt
(Fig. 6).

18058 A1FoR AEL A S84 ool
o] F7FskaL snout sizeol] ulg} ofloj7iz} o] & shs Ztwvt
g g o] g 7hs3t ZHEE] 79 kel Al 9] o]
NS dolgkt}. ulelA] long extension?] 73-$- snout @100
9] 137, 233%(+43%)/snout 21809 141, 219%(+39%)/
snout @2502] 154, 206 =(£26%)0l|4] ollo]7iS Lol gro
™, rounded extensionol|A]+ 110, 250 (£70%)0l|4]9] oflo]

Table 1. Snout position in the posterior oblique direction

7HER] Z}Eol|A] oflej7] 2 cm¥
Z} extension?] snout $1XE vlislict 2] I X9
zpo] Zk& 7 extension®] oflo] 7Y xbo] & A ofs}girt.
2z o

7t extension®] 23 54g vl £ AR, F
long extension 52.5X110 cm’, rounded extension 50X
100 cm®Z =A] %o 7} YA ¢kgkAnt supporting barS $)oll
WA g3 7122 7o]7} long extension> 40 cm, rounded
extension> 50 cmE 10 cmo] Z7}3lth

7+ long extensions 5.5 cm, rounded extension-2 0.5
emE ZHazsto] ool g £9 4 9& ¥RF ok} SOBP#}
range 9] o] Fgke TL T Uk

Rounded extensione ##3}% extension®o] S+ Eoko
2 nkEolx Qlo] gApe Foll HWAE S, JHEE] 3H A
snout¥} extensiono] F=sh= AL WAsH oflo] i Fo|

[e]
-2

Fig. 6. Air gap in posterior oblique direction.

Table 2. Comparison of the structure for long extension and
rounded extension

Long Rounded
Patient =~ Beam direction-Gantry angle  Snout position extension extension
A RPO - 225° 34.6 cm Shape Flat Round
B RPO - 230° 20.3 cm Thickness 5.5 cm 0.5 cm
C RPO - 205° 29.7 ecm Total area 52.5X110 ecm® 50100 cm’
D RPO - 210° 274 cm The presence of supporting bar o X
E LPO - 170° 30.7 cm The horizontal length of a valid 40 cm 50 cm
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+ ] =%o] = rk(Table 2).

18055 7|52 & snout sizel o] 7}53k 7HEL] 4=E
B8t A7} long extensionS +43, +39, +26 2 JELO
™, snout size7} AR ol whe} extension}e] FE=E 913l 314
Fsd 2Esh AopAE AS HA¥ 4 U9irh Rounded
extension> snout size®} Aol BF +70EE VeSO
™, rounded extension®] T-ZF EAld| &l =& IA F
4 T Yee UL 5 AlrHTable 3, Fig. 7).

Snout size®d |l of|o]7] x}o]E 2olH it} Long exten-
sion rounded extensionol] H]3H 11.5 cm, 11.91 cm, 10.48
cm®] oflej7o] F7fste] HF 11.30 cm®] Xfo|7} U= Z&

ok 4= 9lodrH(Table 4, Fig. 8, 9).

7] P A gl EAA Aol FaEigler} ol
£ g 7% wee A% A% WA B, ol
Wl @), 7+ 5o HIolE kA N ES Adele A9t
Lol gt

2 5o Belel A AES

A
=, Algygk

Table 3. Comparison of available gantry angle for long exten-
sion and rounded extension (snout <100, @180, &250)

Long Rounded The difference

extension extension  in gantry angle
Gantry angle Ave. £36° Ave. £70° Ave. £34°
Snout 100 +43° +70° +27°
Snout 180 +39° +70° +31°
Snout @250 +26° +70° +44°

PN S

PN <]
At

o oM 228

Rounded Extension2|
long extension®] 73-- FARLERe] W& AHE3slA HH X5
A% A chopsk AER] Zhwe] Ago] A, AR
W] 544 SOBP$} rangezko| o]FslAl Hrk 3t oflo] 7Y
o] 714 M odefo] Z7eRe WAL A e,

olo]] B ol z}A| 7HuHe rounded extensionS long ex-
tension®} v]:zZ EAs] Hkth Long extension®] 73-$- sup-
porting bar= Q& L] Foll Fko] npg ko2 X9
A Q= 735 AA - Al & Foll XA FA AR
rounded extensiont £9F2] 9|9} IA|glo] QAR Cl 2LA|
A& o] 7lsshH, supporting bar7l $lofA fradt 7tEE 2
o]7} 10 cm Z7bslie). EESE 7]Z9] long extension®] 7}
Z HHolowl HER] 79| AdkE £34% XA X8

o
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Fig. 8. Graph of the air gap for long extension and rounded
extension.

Fig. 7. Comparison of available gantry angle for long extension and rounded extension.
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Table 4. Comparison of snout position changes according to the air gap for long extension and rounded extension (snout @100, <180,
3250)

Snout position

The difference in air gap

Long extension Rounded extension
Snout 100 35.99 cm 24.49 cm 11.50 cm
Snout 180 35.61 cm 23.70 cm 11.91 cm Decreased Ave. 11.30 cm
Snout 250 32.19 cm 21.71 cm 10.48 cm

Fig. 9. Comparison of the air gap for long extension and rounded extension.
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Abstract

The Usability Test of Manufactured Rounded
Extension in Proton Therapy

Ji Yeon Park, Yo Jong Jang, Dong Yun Kang, Du Seok Yeom, Gye Suk Choi

Department of Proton Therapy Center, National Cancer Center, Goyang, Korea

Purpose: Long Extension (LE) is used in proton therapy for lung and abdomen. However, it has limitations in
surface area, produces collision in posterior oblique beam which creates limitations in various gantry angles in
planning therapy and increases air gap (distance between patient and compensator). Therefore, this study inves-
tigates the usability of manufactured Rounded Extension (RE) in comparison to LE to use the most suitable
extension in proton therapy.

Materials and Methods: To compare structural features of LE and RE. This study investigated usable gantry angle
for snout sizes 100, 180 and 250 and CT scanned Humanoid phantom. And it compared the air gap in posterior
oblique direction.

Results: The structural features of two extensions are as follow. Because of the existence of supporting bar, the
width of LE was 40 cm and RE was 50 cm. Result of the investigation of usable gantry angle for snout sizes 100,
180 and 250 are as follow. LE is £36 (average) at 180 degree and RE is =70 (average). And also, the air gap of
RE is decreased by 11.3 cm in average at the same gantry angle.

Conclusion: Manufactured RE for proton therapy has several benefits than LE. Its therapy surface area is wider and
range of usable gantry angle is also wider. Also, the air gap at the posterior oblique beam has decreased. There—
fore the usability of RE in proton therapy of lung and abdomen will be increased compared to LE. However, the air
gap of proton therapy at the lateral direction may be increased, so there may be need for make up to decrease air
gap at the lateral direction in the future.

Key words: long extension (LE), rounded extension (RE), proton therapy, supporting bar, air gap
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