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=] AH]= A971457](Clinac iX, VARIAN,
USA)olH ZAUA = 6 MV XS AH-a19TE BAbA
F =48 Mg QA EgME(Anderson rando phan—
tom, USA)= AHE-8FITE 572 918l 2] AdAl(pho-
toluminescence glass dosimeter, PLD, GD-351M,
GD-352M, AGC techno co, LTD)2} FGD-1000(AGC
techno co., LTD)#%7], vac—lok(Klarity, China)< A}
|13l
vac—lok9d FAE =43}7] Y& CT scanner
(LightSpeed RT, GE healthcare, USA)E ©]-&3}%t,
EYAE lung F-9] A& Al, wing boardMedtec,
USA)E 2 ARgslH B Ao A4 lung Ak}
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wing boardE CT scanner couch table $] H40] 94|
AlFLE vac—lokS wing board®] pillowe} 257 5}

o] F3 Heloll A4 dtt. MEY] lung 9= AE &
slice & 179 slice®] 9% lung 915 A9sleic) 9%
lung £ < posterior obliqueZ A== ®eko] 1H

O

S 2HE 95 cm Zlolof| 9= lung center hole center
point= A3IAL, centerZHE 3 cm HA9] &, 9,
s}, 4 holeS A, B, C, D Point® A|Aslo] 2 A¥S 2
B3I CHFig. 1). 9.5 cm Zolo] J= center point:= 7}
% GubARl Q2 lung?] F4lo]7] wiiEel Aeakyict,
ME2 vac—lok ¢l True AP7} === AEA|A supine
position/head first® &1, 17 slice 2] AA% point
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FAE At AAFEE 284 W9 side rail Out
Aol A vac—lok= A &2 42 10 mm, 20 mm, 30
mm| vac—lok & 39 & 7S 5H9 S 53
Bto] FghS AFEE19 A, side rail In AEjolA = 2o
o2 S XYstirk(Fig. 2). 5782 6 MV BAH,
ZATOF 10X 10 cm?, center pointE 7|S2C2 SAD 100
cm, YA Side raile] 71 Wol| SEE«= HEER] 2
I 225°2 9] 300 MU/min AFET} 100 MU 2AM]

& A

1. Side—Rail-Out £ Zut

ol EEME ] 179 sliceol| 419 no vac—lok®] 7%
Hat 0,687 Gy= &A= t) 10 mm vac—lok A& A] 3
o+ 0.681 Gy, 20 mm vac—lok2> B+t 0.674 Gy, 30 mm
vac—lok & B4t 0,666 Gy= A= AcHTable 1),

Fig. 1. Placement of the PLDs in the phantom’s lung

Table 1. Phantom absorbed dose measurement for thick—
ness of vacuum immobilization device in Side—Rail-Out

measurement | No Vac—lok | 10mm | 20mm | 30 mm
site (Gy) (Gy) (Gy) (Gy)
Center 0.670 0.663 0.656 0.652
A 0.745 0.741 0.733 0.727
B 0.661 0.655 0.647 0.64
C 0.741 0.733 0.724 0.714
D 0.621 0.614 0.610 0.60
average 0.687 0.681 0.674 0.666
1
09 -
08
o7 J - ——e x
g\ 06 :‘ ~a-Center
3 05 --A
8 04 - B
- - - —=C
30 mm=E A& o] W, vac—lok 7| LAE ) o2 7 P
02
gk =017 918l CT scan & @ FA= S5 FA1E =l 01
slal AjFAske] WHE A &St BE vac—lokd] T ° No Vacdok 10 mm 20 mm 30 mm

Vac-lok thickness (mm)

= 42 mm A2 RS
=2 Atet e, Fig. 3. Dose distribution for thickness of vacuum immobili—
WEE] 17 slice®] center, A, B, C, D Pointe]l 2] A1 zation devices in Side-Rail-Out
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Table 2. Phantom absorbed dose measurement for thick—
ness of vacuum immobilization device in Side—Rail-In

Table 3. Reduction ratio for thickness of vacuum immobili—
zation device in Side—Rail-Out

measurement | No Vac—lok | 10mm | 20 mm | 30 mm NV Vac—lok Thickness
: o Vac—lo
site (Gy) Gy) (Gy) (Gy) (Gy) 10mm | 20 mm | 30 mm
Center 0.760 0750 | 0740 | 0.730 (Gy) (Gy) (Gy)
A 0.850 0.840 0.839 0.830 measured dose 0.687 0.681 0.674 0.666
B 0.689 0.683 0.676 0.673 reduced dose -0.006 | —0.014 | —0.02
C 0.845 0.836 0.824 0.820 reduction ratio(%) 0.9 % 2.0% 3.0%
D 0.670 0.665 0.655 0.648
average 0.763 0.755 | 0.747 | 0.740 Table 4. Reduction ratio for thickness of vacuum immobili-
zation device in Side—Rail-In
| Vac—lok Thickness
o No Vac—lok - 20 30
- - Gy) mm mm mm
os t—o——32 . Gy) | Gy | @y
0.7
06 y o measured dose 0.763 0.755 0.747 0.740
& —&—Center
g s “--A reduced dose -0.008 | —0.016 | —0.023
S 04 —B
03 —“+-C reduction ratio(%) 1.0% | 21% | 30%
0.2 ——-D
0.1
® Novactok  10mm | 20mm 30 - 9F =0.9 %7} TFAF913L, 20 mm vac—lok AR AJ oF

Vac-lok thickness (mm)

Fig. 4. Dose distribution for thickness of vacuum immobili—
zation devices in Side—Rail-In

Side—Rail-Outo]42] 29 24 §17]0] 02 Aepez
= A Pointol 4] %7 Z4E ek Fig, 3.

2. Side—Rail-In &4 Zn}

ol el o] 179 sliceol A2 no vac-lok?] 7
Bt 0763 Gy2 4%} 10 mm vac—lok A& A]
 0.755 Gy, 20 mm vac—lok> 4t 0,747 Gy, 30 mm
vac—lok=2 3t 0,740 Gy= ZAE]QtH(Table 2),

Side—Rail-Inof|A 9] 73-¢- 57 $Ix]of wh2 At
A Pointol|lA] 4] S =] 3IcHFig. 4).

o
e
3

3. Side—Rail-Outt|M vac—lok F/AHl0f| [tE Jsk

A XY WHO] no vac—lok®] -t B+t 0.687 Gy=
ZA%9th 10 mm vac—lok AHE A] 0,006 Gy7} HAE]
a2, 20 mm vac—lok A& A] 0,014 Gy, 30 mm vac—
lok AHE- A] 0.02 Gy7}F ZAEIT) &, vac—lokS AHE-
SHA] ¢S u) B}t AlE6l9ES Wl 10 mm vac—lok®] 7

30

-2.0 %, 30 mm vac—lok AF& A] 2F =30 %7} A%}

TH(Table 3).

4, Side—Rail-In0i| A vac—lok FH|o]| [}= Jsk
AR Ml S| no vac—lok®] 79 Bt 0.763 Gy=
=Rt 10 mm vac—lok AR A] 0,008 Gy7} AAH
Q3L, 20 mm vac—lok A& A] 0.016 Gy, 30 mm vac—
lok AH& A] 0023 Gy7} 45Tt &, vac—lok& AHE-
oA 95 wiET ARESHE Wl 10 mm vac—loko] 7
L OF -1 %7} AAESRAL, 20 mm vac—lok AR A] ©F
—2.1 %, 30 mm vac—lok A& A] F -3 %7} AEAcH
(Table 4),

B[\

2

5. side railz} vac—lokoj| 2 Ak

7rok=E Aeko] 2 Side—Rail-In9) no vac—lokof|A]
Z}7}9] pointE 7152 2, Side—Rail-Out®] no vac—lok
oA center Pointol A= 0.09 Gy7} Z4E%1a7, 10 mm,
20 mm, 30 mm vac—lok A& A] 0.097 Gy, 0.104 Gy,
0.108 Gy= ZAAEE A Pointol A+ no vac—lokoj|A]
0.105 Gy, 10 mm, 20 mm, 30 mm 22} 0,109 Gy, 0.117
Gy, 0.123 Gy #A4=th B Pointol A% no vac—loko]|
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Table 5. Dose comparison about side rail and thickness variation of vac—lok in the state of Side—Rail-Out based on the no

vac—lok dose in the state of Side—Rail-In

N Side—Rail-In Side—Rail-Out Vac—lok Thickness

site No Vac=lok No 10 mm 20 mm 30 mm

(Gy) Vac-lok (Gy) (Gy) (Gy)

Center 0.760 0.670 0.663 0.656 0.652
reduced dose -0.09 -0.097 -0.104 -0.108
reduction ratio(%) 11.8% 12.7 % 13.7 % 14.2 %
A 0.850 0.745 0.741 0.733 0.727
reduced dose —-0.105 —-0.109 -0.117 -0.123
reduction ratio(%) 12.4 % 12.8 % 13.8% 14.5 %
B 0.689 0.661 0.655 0.647 0.640
reduced dose -0.028 —-0.034 —-0.042 —0.049
reduction ratio(%) 41% 49 % 6.1% 71%
C 0.845 0.741 0.732 0.723 0.714
reduced dose —0.104 —-0.113 —-0.122 —-0.131
reduction ratio(%) 123 % 13.4% 14.4% 15.5%

D 0.670 0.621 0.614 0.610 0.6

reduced dose —0.049 -0.056 -0.06 -0.07
reduction ratio(%) 7.3 % 8.4 % 9.0 % 10.4 %

A 0,028 Gy, 10 mm, 20 mm, 30 mm ZZ} 0.034 Gy,
0.042 Gy, 0.049 Gy A%t} C Pointo 4= no vac—
lokollA 0.104 Gy, 10 mm, 20 mm, 30 mm 22} 0,113
Gy, 0.122 Gy, 0.131 Gy 74503, D Pointo|Al= no
vac—lok¥ @] 0.049 Gy, 10 mm, 20 mm, 30 mm Z}Z+
0.056 Gy, 0.06 Gy, 0.07 Gy Z45Jr}. side rail ¥H] <
30 & A Pointol| A 7P &2 AAE BT, vac—lok?]
7A|e] Wgtof| ulel Ft 0.9 %] TAE Kk

g oA A EA 71 side rail v} F50] W
gantry angle 225%, beam®] 54191 center PointojA]
side rail TEO. & oF —11.6 %2] 28-S Bt} Side Rail
7} gE-9] vac—lok2 AFEE W] 10 mm, 20 mm, 30 mm
Z¥Z¥ vac—Icke AHEsHA] ¢8-S W Hr} oF —09 %, —-1.8
% —2.4 %] 7149 AAES BTk A Pointo]A:=
side rail WFO. 2 9F —123 %9] A2 H1l 10 mm,
20 mm, 30 mm®9] vac—lok& F714 S & ALL3S u), A}
884 o8 wiell Hlsl oF —0.5 %, —1.6 %, —2.1 %°] 5
7FARQl A& Bt B Pointol A= side railfho 2

OF —41 %9 AL H9°m 10 mm, 20 mm, 30 mm

Vac—lock& #7402 ALga uf, oF —0.9 %, —2.0 %,
=3.2 %2 F7H1 AaE-S W) C Pointoll A= side
rail FEO. & °oF —12.3 %9 AAEE ¥, 10 mm, 20
mm, 30 mm vac—lok®] Aol w2} 2F —0.9 %, —2.0 %,
=3.0 %9 F7HAQ1 faxgo] Ukttt D Pointol A=
side rail THO.& oF =73 %9 AEL HY, 10 mm,
20 mm, 30 mm vac—lok?] FAol wa} oF -1 %, —-1.6
%, =3.1 %<] F7HE A& HITH(Table 5),

aE L 0y

3 HAJA ZG WA X Z(threedimensional confor—
mal radiation therapy: 3D—CRT)2} A7) AAFAA]
H(intensity modulated ration therapy: IMRT)2] A&+
3L A AL F9] AFe] ofEstaL, o] & IRt 2t
147]7-(immobilization device)+= WA beam HaF
o] HE st AAAS Hhstetolof gttt tixt

A9l PAIA 25 Sielo] T 19 3AE ALt

e
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Jom 1 Fof|A] vac—lokS FH EX SHER HIA}AR
5o & WA AFRE L QTt? vac-lok S 22 3R}
27179} B2 AXap] 18] AR714719) couchis
HE7F Wal AR FEapdo] Fof offix]9] grefo] A
carbon AL AJL5)31 QL}0 carbon AR2] AL v
A beam®] 7HAS H4 g 7HEEA glom o=

G AT 7= olo] A 4= JIrk!” &A1) oblique A&
= &% ol8HaL 9lom, o] A-¢- WA beam-> couch
9] side railS £33t T Ao A ZAFE 4= QIrkd)
T-ollA= Side Rail w0l Al=F 71-01=o]
—16.2 %71A] ZreFerial Hushgirk™ Side Rail®] 7

In-OutZ ©]8-5}%] posterior oblique ¥aFofA] 01/\}Q
L beam@] 7FoFS 9] 4= QIR|uk, Eoko] 2o AeFe
ALs7] oAl thitto] 4-9-9] x4l beam-e Aol
PARE]7] Aol &} 174715 T2 ke couch
o} 34 14 71 1E Agsto] X 2E AT B9 7hoke]

il
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=
=
=)
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e
=R
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e

o] theFet IO & UehA Hrh gt @7]—?01] o
o Ae 7ok 7t oA ki, ghatol] thigk Hegt A
27} E 4 gtk Olch at al ] AAPM Task Group 176
Reporto A= couch®} 34} 114 7|429] 4] E213} -
zo| w2 7ok datas s A Harskl QI ojet &
& AlFO) AR WishE 22]9] s BEEAQ1 SHoflA &
W3S o)A 4= ATk of|§ E9] Sanchez—Mieto®}
Nahum®] A-olAl= A=A 34 -840 thgt 5 %~20
%2] Alaf HS}= A L(TCP)O] 18 %74 & &

D}_l_ E_J_O]——’ O]D} 18)

2 AoAE AgS S5 S8l fEAgAE A
Sot9=dl, w8 AFAE e AgAol His) Al |
A7} 10 uGy~500 Gy= HWat, Fg4go] ot fal(fad-
ing) @/4o] A9l §lu, &2} 7ke] Aol Hojual, &

gk vlolE o] AxAlo] glom W TLD} PLDE gt A
A Ao A TLDE +2 %] A|WE PLDE BE 2o A]
TLDHT} S £1 % o9 71 VERItE?” o]= PLD
7} TLDEL} AR O &2 9-45ltt= A} TLDo| H]a) o
o AL 7RI Qo] B Ao Se|MEAE AFLE}
Ak Tt 1A WY ol f2] AFAE AU =A

A}
H o—
AA AR} AR AN A 54 At 2 5
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S XYt ARE AA A olAd= %}X}Oﬂ gl vac—
lok2 AZsE uf), vac—loke] FAE Ao 2 Akt
AAE 4= Qlh= AIgHES 7HAaL Qi) 3FAEE posterior
oblique A} A] vac—lok& A& 22X AY7]= 7HoFS
Zrakek o glth= AR Hgto] Qict

E AT oAM= B 3R 1A 7|4 F vac—lokS A1)
5o couch side rail} 2SS W] Y= HATh
carbon Ajgo] M7} Wi A FatAdo] Fof off i A]
of 7opo] Ark= Ao =, P2 AP ) ThE
BB wok AR o 2 o FAE side raile] g8k 7kt
o STk SPAE S-S A 557] oA side rail®] FEF

o] Q1= posterior oblique % & ko] thafjA] gHA ¢ ¢
A5lal RS 93t vac—lokS AZke ), #otshal A2
S ARE 98 19 S7E AR A AR 2 2
A1} vac—lok =7°] tisf] T S5 712t 2EAtofA)
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=

il

nted

[0

1. Huh §J, Park CI, Advances in radiation oncologyin
new millennium in Korea, ] Korean Soc Ther Radiol
Oncol. 2000;1 8(3): 167-176

2. Hanks GE, Schultheiss TE, Hunt MA, Epstein B. Fac—
tors influencing incidence of acute grade 2 morbid—
ity in conforaml and standard radiation treatment of
prostate cancer. Int J Radat Oncol Biol Phys. 1995;
31(1): 2529

3. Suh YL, Yi BY, Shin SA, Kim JH, Ahn SD, Lee SW,
Choi EK. A feasibility study on the abdomen immo—
bilization with air injected balloon blanket, Korean J
Med Phys. 2002; 13(3): 176-180

4. Pollack A, Zegars GK, Starkschall G, Childress CH,
Kopplin S, Boyer AL, Rosen II. Conventional vs

conformal radiotherapy for prostate cancer: pre—



2441 9] 61 Lung RPO A=A A], Carbon Couch Side Rail#} Vac—loko] 1] X]&= 93k

liminary results of dosimetry and acute toxicity, Int
J Radat Oncol Biol Phys. 1996; 34(3): 555—564

5. Huh SN, Cho W, Park YK, Ha SW., Development of
devices for improving the reproducibility of patient
positioning on a breast board. ] Korean Soc Ther
Radiol Oncol. 2005;23(2):123-130

6. Fukunaga—Johnson N, Sandler HM, McLaughlin PW,
Strawderman MS, Grijalva KH, Kish KE, Lichter AS,
Results of 3D conformal radiotherapy in the treat—
ment of localized prostate cancer.,, Int J Radit Oncol
Biol Phys, 1997; 38(2): 311-317

7. CIVCO, Radiation Oncology 2010 Source book,2010:
61-73

8. Koi—Wei Lee, M.S,, Jian—Kuen Wu, et al.: skin dose
impact from vacuum immobilization device and
carbon fiber in intensity modulated radiation thera—
py for prostate cancer, Medical Dosimetry 2008: 34:
228-232

9. Olch A, J. et al,; Dosimetric effects caused by couch
tops and immobilization devices report of AAPM
Task Group 176. Med. Phys. 2014; 41: 061501

10, Seppa ‘la” J K, Kulmala J A, Increased beam atten—
uation and surface dose by different couch inserts
of treatment tables used in megavoltage radiothera—
py. J Appl Clin Med Phys 2011; 12 (4): 3554

11, S. J. Meara and K, A, Langmack, “An investigation
into the use of carbon fibre for megavoltage radio—
therapy applications,” Phys, Med. Biol, 1998; 43(5),
1359-1366

12. S. McCormack, J. Diffey, and A, Morgan, “The ef-
fect of gantry angle on megavoltage photon beam
attenuation by a carbon fiber couch insert,” Med,
Phys, 2005; 32: 483—487

13. W. K, Myint, M, Niedbala, D, Wilkins, and L, H,
Gerig, “Investigatingtreatment dose error due to
beam attenuation by a carbon fiber tabletop,” J.
Appl. Clin, Med, Phys, 2006; 7(3): 21-27

14, S, C, Vieira, R, S, Kaatee, M, L, Dirkx, and B, J. Hei—
jmen, “Two dimensional measurement of photon
beam attenuation by the treatmentcouch and im—
mobilization devices using an electronic portal im—
aging device,” Med, Phys. 2003; (30) 2981-2987

15. Olch AJ and Lavey RS, Reproducibility and treat—
ment planning advantages of a carbon fiber relocat—
able head fixation system, Radiother Oncol, 2002;
65(3): 165-68

16, Mihaylov I, et al, Modeling of carbon fiber attenu—
ation properties with a commercial treatment plan—
ning system. Med Phys. 2008; 35: 4982—-5

17. Cheung T, Butson M]J, Yu Peter KN, Evaluation of
build—up dose from 6 MV X-rays under pelvic and
abdominalpatient immobilisation devices, Radiation
Measurement 2002; 35(3): 235—8

18. Snachez—Nietro B, Nahum AE, The Delta— TCP
Concept: A clinically useful measure of tumour
control probability Int ] Radiat Oncol Biol Phys 1999;
44: 369—-380

19, 7%t AAAE Pb iiEE: o83k 955 T4, The
Journal of Digital Policy & Management 2013; 11(6):
269-273

20, AT, 7}, A4 DAP(Dose Area Product)Z ©|

83 TLD9} PLDE] Al 57 Hal, o= 2 el 20} 8)wi
2] 2012; 12: 244-250

33



TSI A 28132 2018 ; 30(1, 2) @ 27~34

Effect of Carbon Couch Side Rail and
Vac-lok In case of Lung RPO irradiation

34

Department of Radiation Oncology, Chonbuk National University Hospital,
Department of Radiation Oncology, Institute for Medical Sciences, Chonbuk National University Medical SchoolV,
Institute of Clinical Medicine, Chonbuk National University-Biomedical Research Institute,
Chonbuk National University Hospital®, Jeonju, Korea

Kim Seok Min, Gwak Geun Tak, Lee Seung Hun, Kim Jung Soo":?,
Kwon Hyoung Cheol"?, Kim Yang Su, Lee Sun Young"-?

Purpose : To evaluate the effect of carbon couch side rail and vacuum immobilization device in case of lung
RPO irradiation.

Materials and Methods : The 10, 20, 30 mm thickness of vac-lok's right side were obtained. To measure of
doses, glass dosimeters were used and measured reference point is left lung center at the phantom. A, B, C, and
D points are left, right, down, and up directions based on the center point. In the state of Side-Rail-Out, place the
without vac-lok, with the thickness of 10, 20, and 30 mm vac-lok. After the glass dosimeters was inserted in cen-
ter, A, B, C, and D points, 100 MU of 6 MV X-ray were irradiated to the referenced center point in the condition of
10 x 10 cm? field size, SAD 100 cm, gantry angle 225, 300 MU/min dose rate. Five measurements were made for
each point. In the state of Side-Rail-In, five measurement were made for each point under the same conditions.
The average is measured on each of the five Side-Rail-Out and Side-Rail-In measurements.

Results : In the presence of side rail, the dose reduction ratio was -11.8 %, -12.3 %, -4.1 %, -12.3 %, -7.3 % for
each A, B, C, and D points. In the state of Side-Rail-Out, the dose reduction ratio for the using 10 mm thickness
of vac-lok was -0.9 % than without vac-lok. The dose reduction ratio for the using 20 mm thickness of vac-lok
was -2.0 %, for the using 30 mm thickness of the vac-lok was -3.0 % than without vac-lok. In the state of Side-
Rail-In, the dose reduction ratio for the using 10 mm thickness of vac-lok was -1.0 % than without vac-lok. The
dose reduction ratio for the using 20 mm vac-lok was -2.1 %, for the using 30 mm vac-lok was -3.0 % than
without vac-lok. Based on the value of no vac-lok dose in the Side-Rail-In state, The dose reduction ratios for the
using 10 mm, 20 mm and 30 mm thickness of vac-loks In the Side-Rail-Out that the center point were -12.7 %,
-13.7 %, -14.2 % and -12.8 %, -13.8 %, -14.5 % respectively at point A. The dose reduction ratios for the same con-
ditions to the B point were -4.9 %, -6.1 %, -7.1 % and -13.4 %, -14.4 %, -15.5 % respectively at point C. The dose
reduction ratios for the same conditions to the D point were -8.4 %, -9.0 %, -10.4 % respectively.

Conclusion : The attenuation was caused by presence of side rails and thickness of vac-lok. Pay attention to
these attenuation factors, making it a more effective radiation therapy.
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