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A Phantom study of Displacement of Three Dimensional Volume Rendering for
Clinical Application in Radiation Treatment Planning
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. Abstract ..

This study is to design and produce a detailed model for volume variety of three dimensional
reconstruction images and to evaluate the changes of volume, area and the length of the model in the
process of the reconstruction of RTP system. CT simulation was operated at the thickness of 1.25, 2.5,
5 10mm and average, standard deviation of scan direction(X), thickness(Y), table movement
direction(Z), area(A), and volume(V) of the three dimensional volume rendering, were measured
according to the shape and thickness of the phantoms. As a result, at the thickness of 1.25, 2.5mm,
the phantom’s shape decreased maximum 0.13cm(p<0.05) to the direction of X, Y, Z and length, area,
volume decreased 0.lcm, 0.8cm?, 3.99cm® which led to an approximate image of the phantoms.
However, at the thickness of 5, 10mm, the phantom of the original form decreased maximum
0.58cm{p<0.05) and volume, area, length decreased maximum 0.45cm, 82lcm? 11.03cm®. Volume
varieties according to the thickness and shape of the phantoms have occurred diversely, when CT
simulation was operated, and it is considered that a clinically appropriate volume rendering can be
obtained only when the thickness is below 3mm.

| keyword : | Radiation Treatment Planning(RTP) | CT-Simulator | Digitally Reconstructed Radiography(DRR) |
Three Dimensional Volume Randering |
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Ho PAIX R AL TYRA Y T2 A &
74 Fulgi7)= Sl $98 AA 7 critical organ)
2 ARzAd g £2A8-E Hasle] $skd 33
9 YAZPPAIR E(three dimensional conformal
radiotherapy. 3D-CRT) 2 A7|¥ZHAMEAAE
(intensity modulated radiotherapy. IMRT), AH3-=4t
AMA %) F (image guided radiation therapy. IGRT)S-<)
A X g7)eo] AR glom o) Y5t Fodo
a7s A%, 94X € FEH 249 e A=A
et 33 ARE AFete ANIXEZEAE
(CT-simulation)& A %) 8 7] 8 (radiation treatment
planning. RTP)S $dsted 244 488 g3z
UTH1-3l HFEHDZEF(0l3} CDAAA L& AHA
HE Q199 g Holx FAlate] X 8A%9 3 A%
g AFASY 2N EXF(simulation) FA) G4
FUsA AdsE AL TFA D digitally
reconstructed  radiograph. DRR)[4][5]& HH43
(target volume) B ZAZ7] 59 9FAE RAFo
A4 AEF 2AMEY HAY ERS Fu 9oy
[6](7], o]eigt I Bal AT G/ dE o] &3 AR
A A% AR G4 bl it 73
g4 mdg Tt FFA ol &(tumor control
probility. TCP)e] S7ksla, 51 o9 A& go| F7}
H1 &5 Rasta Ieis-10]

2y PAMAX B A8 Al 2o A AAEE TR E
A FAGAAL  BMFH(ray tracing), B
(interpolation), 413 & ¥-(line integration), 3] 4= A2
(gray scale mapping)2] 49AE AX ATFAH G4t
o2 gde A AHA(voxel size), HAEF
(spacing effect), E.7Hd% (interpolation) ¢ A3 H|
olEl(volume data) el o8] FEFS A H:
[4-5](11], 2 el CT ZA HAAA &g a7
(beam hardening  effect), AFeHARX(scattered
radiation), Y35 AFAH Wy, FELHEY
(partial volume effect), YA (quantum noise), A}
e 9 5o JFgo g I YL E 2t 24

gxgx 24 28=e e o213l

WAL EAE A|2golA AFHE UxEsiA+
el AAA HHE ete] B A AFEHA
o} o)y Yoz FHEH LAULANA 718tk
2l 57t FEE o] gl ¥ YA EAF A&
g el AdHE 3xd EFAdE  oAHthree
dimensional volume rendering)l] th3+ A3 <] w5}
e A7E QAATHI4-19] Wb HAIAX 2418 A)
285 el HE3] A3t 7)) AeHrt
2 T opel WAL A G A el 2
o} A st tis Yo7t dasjojof & Aojr) o]
2% ol f-2 AYE 23 (Phantom)S Al =et3 WAMA
¥ aFNA Adalz YE ¥F Az g
CT-simulations A 83te] WAL S AE A28
A 33 EEUEE 9 93T A 239 A
HstE HrlsEa) stgden o= vsehy dxAe
Hrrste FARS £4E& do dAAd B-A F
23 ofu g 7hd Aojt
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2 H¥o] 7158 REE vEal 359 Egdnd o
M FEE 239 AAE AdHs] A% AS5HA
2oz FAE ok ASHA BYL A¥rs7
(linear accelerator, LINAC)IIA AAE 4= =
ZAPE 40%40cm¥ 53541 F (isocenter point) &.E €]
Wem  ZAoldA  HY MdE ezl
40x40x50cm$] ASHA 23 o2 AAetgr) By
AL #olA FE Alzglo] 3 Ao mad ¢ ¢l
=8 FALAE BN 28] YE-e 5749 ofz
d 9E A" ARF F5HM 2R 10em 3
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o)) 5x5cm HHL 2 Az 2% 093mm £& W1
JadEo] 4 UM CT G404 & 748 ¢
e 0.89mm WA BlFEIA Z(Radifocus guide
wire M(0.035"), Terumo, Japan)& XA} R4 2 414
sl Aol w2 248 e A& AQY
JEZ 1t AFPth FEE B Zo|, |
¥ A EHoz A= on do] BYPLS WA
mmd, Zo] 0mme] o2 At o[item 1], H
7 282 9 A5 mmd, 7 lmme| A3 [item
217 A3 50x30mm, F7 lmm2 ZA2HE[item 3]0
2 A2

2 REe 30x30x30mme ASWAlitem 4]
30x30%50mm¢] A SHA|litem 571, 92 AE2] 29mm
d, ¥°]& 0mm2] Y715 litem 68] %22 A2ty
tHFig. 1b] W] ¥&E9 AARN HEstes
7344 350£20HU(Hounsfield Unit) A7t =&
ZzgA 9} AelAgs v&S 12002 FAE Hjo] 24
%% A (Optiray3%0, Tyco, Canada)& FYstgon &
£8 13 54 193l Ay ulg BE&E 1Y
o] AN 225 43 T 5 URF 34k
AzE B8 YA F SRR A Y ETE At
+ FA(Chun Sung corp. Korea)oll 9Jg8te] F L&}
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2 a3 MAAES 250 AHEHAD BE A
ol whel CT-Simulation® Al 33t WA X 54 &
ANzdo A ArAdE 33 G ZHol, BA, Fu]d
3 SAG 2455 23S vinsty Frietgch A
ol AHEH R AR B2 EFR = FHE A5
(Lightspeed MT-IL3311, GE, USA)7} &&d CT
scanner(LightSpeed, GE, USA)¢} #lo]A A E A|xE
(AS-KR, LAP, Germany)2.2 A5 o] T}

ANsaEFgdP2= FUFA(lce thickness)e
0.625mm ™ 10mm, Hlo|& o|FAE HUFAZ e
7l 31X (Pitch)= 0.625mm 10mm7} 7He ¢ A5s
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® item(5). SO30E0mm
& item(2): 30mme ® item(6): 50X29mme
® item(3): 50x30mm & itemn(7): 30x30%50mm
® item{4): 30x30x30mm & item(8): 299=50mm

u item(1): 1PxS0mm

12 1. This shows the production process of the
phantom which is to measure the three
dimensional volume rendering cubic changes.
(a) The external appearance of the phantom is
a cube of 40x40X50cm and a center line was
marked for the laser alignment and 0.5cm
acryl plates can be inserted inside at intervals
of 10cm. (b) This shows adjunct phantoms
(item1-8) and fixed frames according to the
experiment methods. The RTP was operated
at intervals of 1.25mm, 2.5mm, 5mm, and
10mm according to the CT slice thickness.
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liteml}& FAAde] wdsln, 9 239 [item?],
litemf], [item8)% Atz 2ol [item3], [itemd],
fitemd), [item7]& F-48 1A Heste 2182
2 jgsiini2d 1bl

AAAN a2 EAGAA  dojd Fobd @
DICOM 7]4te] PACSE S35t A3t aig4 2
& (OncentraMasterPlan, Nucletron, Nederland) 2.2
7AM 33 FAe ATk AMEE R datg)
A8 A2aEe 2w Ay D YEH L
FEA 3T image registration, IR) 33+9 A174 &4
g AEF & 9Jom(volume rendering. VR), %]
e, AR e AP € AHES ZA3A o
ARG E T MR EZFEA Y (beam
modeling, BM)# &3t AHFEE A F(calculation
mode, CM) 2 A% 7Hplan evaluation. PE) o] &
T 7bEd Fulolch
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3.X Y, Z, HA, 2Olol =Y

3R ATA S AR EAE FFEY VR
mode(volume rendering)ell ] %422 7])5(cut plane
function)& |83l #’dH(coronal plane), AAHE
(sagittal plane), B¢ (axial plane) &2 HWIA|A 7}
B\ 27 ZHmeasurement caliper) & o] £-8ted A3}
AcHd 21 S AsdeEd X9 Y=
2 3d BEE XF, 2g9 FAE Y, Holk oF
A E 2502 A3l 2z EAstn Aol 293k
X539 755 &b 2y A¥S AEHHEL X Y,
7% & Fste] Ry FuE AEach FAo o
MAbe FAMAZ ST AR, oetEelAl WAt

5 ARHAMAAL ZF 190¢] 3814 &3] Ha gt
EEH3L, A4YR Hois Pl BEAE g3
Ha P2 7|Esch w3 B4z FH3
AE HagEt g3S A 5] 98ty 2P
AN AT B4 EE L £ 1024X1024, 9=
Z(window width)& 400, 9=% S (window center)
£ 30, FhELS 500%E st BAEYL SPSS
A X E ¢ o](SPSS version 12,0, Chicago, I, US.A)E
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28 2. This shows diverse functions for the three
dimensional volume rendering to be measured
at VR mode of RTP system. (a) shows the
image viewer which makes the images'
rotation and enlargement, scale mapping
possible at VR mode, (b~d) shows the cut
plans function of coronal plane(b), axial
plane(c) sagittal plane(d) of three dimensional
volume rendering.

0.8mm™1.3mm(p<0.001) °JtHe] FFHALE BH
ANAH BN EAALE 2 oA
olfe] RFHAE Uehirh ol X ek tigt 33}
4 AT e ARl F48 =Y ulg 293
< dvigcth 22 item 29 2, ZAFA7} 10mm
¢ o 31:0.3mm(p=0017)8} F/3e] 7zt Heln|
Azt Adigke] ZA7E 49mmE S =0 AHFA
7t BV E BEEERE V) ARY FAC 9
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litem 8]olA S48k

HHFAZL 1.25mmé} 25mmoll A= 23| Fejol
wtebA] A 22 0.6mm 1.1mm(p<0.05)°l o] d4
25 Bgon #4247 0.3mm 04mme] 3% A}
£ 24k ARFA7E smme 10mmAXE 23 ¥
Blol wmebd ARAE 2E(itemd 57l AE  15mm
(p>006) olHellA G4 FLE HolAY PR

B 1. Three dimensional volume rendering on X, Y, Z
direction measurement value
(a) X direction measurement value unit}em

’;‘\‘f;aé‘ii?fg'" e

2 2.92+0.03 2.89+0.04 2.87%0. 06 2, 69+O 03
3 4.91+0.03 4.90+0.03 4.88+0.04 4.89+0.03
4 2.91+0.,02 2.90+0.04 2.88+0.05 2.88x0.03
5

6

7

4,91+0.02 4.90+0.02 4.87%+0.04 4.88+0.05
4.90+0.04 4.88+0.03 4.84£0.06 4.88+0.05
2.89+0.03 2.89+0.03 2.87+0.06 2.89+0.04
8 2.82+0.04 2.83+0.03 2.77+0.04 2.72+0.05

o value  ¢0.001 £0.001 0.001 £0.001

(b) Y direction measurement value uniticm

ittem f\io,hw y 5 10.0m

201003 2.89+003 2.87+004 2.90+004

4

5 2.90+0.03 2.91+£0.02 291+0.05 2.88%0.05

6 2.83+0.04 2.80%0.04 2.72+0.08 2.64+0.09

7 291+0.04 291%0.04 285+0.07 2.92+0.03

8 2.84+0.03 2.83*x0.04 276+0.05 2.76+0.03
o value _ 0.006 0.014 0.014 0.014

(c) Z direction measurement value unit}em

1 4.92i0_03 4 90+0 03 4. 83+0 03 4. 55+0 17
2 2.95+0.02 2.89+0.03 2.71+0.15 242+0.20
3 2.94+0.03 2.90%0.03 2.65+0.12 2.46+0.24
4 2.90+0.03 2.87+0.02 268+0.10 2.66+0.12
5 2.90+0.03 2.88+0.03 2.70+0.12 2.65%0.11
6 2.83+£0.03 2.80%+0.02 257+0.20 2.41+0.26
7 4.90+0.02 4.89%+0.03 470%0.11 4.55%+0.13
8 491006 4.89+0.03 4.59+0.11 4.55%0.15
o' value  €0.00% £0.001 0.001 0.001

(item 6, 8)o1ME Hdl 26mm(p<0.05)2] Z4E B
3 E4AZ 24 B3 Ad 09mm, F43F Ho)
2] EZo] FHu 32mmE Y& WM T AHEA
utel d¥o|n A0 Yo F/IEFE 33 AT
3 4% A Wsrt AsA velstHE 1b)[2d
3bl.

l°l =2 01%””%}(2) 2 33

oA Ao Wz -‘éﬁﬁr Az 2EH
g3t Az WEEo] HAFA
ghA) heFshAl Vet AEFA7F 1.25mme 2.5mm
AlA 2yl Hejo] welA 0.5mm™1.3mm(p<0.001)°]
WellA] dde] ZAE EAn BEAAL FFHAE F
] 06mmZ Z Hakol] oigh 331 ATA 9o Ad
Ao| R&E nyyl nj¢ ZHEL & 5 Utk 18
v AAFA Smmel A e 1.7mm™4.1mm(p<0.001)¢]
Aol Zag Bol EAAZE FFHAE Ad 2.0mm,
A2z Hge Ws 2 A 65mmzE SAHA
Hitem 6). EF HAFA 10mmelAe  34mm™
58mm(p<0.001)9] 979 FAE ol FAA7 &
FHE Jd 26mm, A4 Adige W L
At 42mm(item 6)% eyt

H 2. Three dimensional volume rendering on length,
area and volume measurement value
unit)lcm

T 4.92+0.03 4.90%003 483003 455+0.17
p* value  (0.001 (0.001 (0.001 (0.001

2 8,59+£0.08 8.35%0.10 7.78+0.45 6.52+0.62

3 14.43+0.20 14,20+0.10 12.95+0.64 12.03+1.18
p* value 0.01 0.01 0.024 0.029

4 24.58+0.53 24,07+£0.20 22,18+0.98 22.24+1.04

5 41.33+£0.64 41,01£0.58 38.17+1.55 37.16+1.41

6 39.19+0.98 38.36+0.57 33.84+2.89 31.02+3.95

7 41.22+0.97 41.13+£1.02 38.45+1.02 38.44+1.29
39.21+0.80 39.26%0.84 35.13+1.25 34.24+1.48
o value  0.001 0.008 0.017 0.025

[o0)

,Shows the changes of X, Y, Z direction according to the shape of
phantom (item1~8) and the CT slice thickness of 1.25mm, 2.5mm,
5mm, 10mm at the form of average standard variation,

* p values are based on ANOVA(Analysis of Variance) test

,Shows the volume changes of length, area, volume according to the CT
slice thickness of 1.25mm, 2.5mm, 5mm, 10mm at the form of average
standard variation,

* p values are based on ANOVA(Analysis of Variance) test
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ol AUTAYG 2~ dHye] FrlErE
g go] F7tE 3 B (interpolation)ol 93§ 3]
A Z(gray scale)e] d¥o] F7tsle] EMA & ¢

A7t ARE € 5 AAHE 129 .

4. 3XIH EEUHE M| HXH3}

Aolofl gt 32 A4 F4e] ¥3ke lmme
x50mm¢l #ollA AAEAZE 1.25mm, 25mm, Smm,
10mm ¢ o Z}7} 0.8+0.3mm, 1.020.3mm, 1.7£0.3mm,
45+1.7mm(p<0.001)¢] Zol9) #4E HYth £¥ X
&7 752 3 93 st AARFA7} 1.25mm,
25mmelAM Ao 08cr’, 5Smmeld Ad) 205cm’,
10mmel A 297en’(p<0.06)9) WA ZAaE RYrh
XZEF YE, 73S F3 oo g 339 A7A o
Ao} Wsh= 1.25mm, 25mmolA H ol 39%em’(p<0.06),

{a) variation of 30 volume rendering to X-direction
o demity g2 atemdd)  eslh  dtem%)  sen(B) ity temis)
' Mhap Redioengs vepf dagd sl g

ot am

T—smx A 1 Beuen

(2) Cylinder phantom(item2) of slice thickness 10mm shows
the greatest standard and minimum and maximum value
between observers,

) variation of 3D volume rendering to Z-direction

Homedt  atem(Sy  MemdS)  semd™  gewuiy

h;i ¥

Hesnile eIy Semi 3
ey

(c) As the volume space of the gray scale mapping and
interpolation at the slice thickness of 5, 10mm increases,
standard and minimum and maximum vaiue between
observers increases as well, Thus, the slice thickness
should be below 2.5mm when RTP is operated.

Smmet 10mmelME 953 Eﬁﬂ(itemﬁ)dlf\i ﬂtﬂ
82lcm’, 11.08cm*(p<0.06) 11.03cm* 83} A g
Aok EAEAE FUFAY By 0 27 o 4
ol AuF oz Z B¥e ATA HAHAA G4 BA
7} B3t B Z whake] 2414 JiEs o
4 QIQItHE 229 3.

= S A% R 94X B W ok} 24}
A7ie) SEEER FESA B4 b LA G
HHEE o188 PIANRA nFFe] 1127 A
AL At dsAas

PAHA A YA 2P
% 2gIAe JERe s 3 ¥ 5 o

b variation of 30 volume rendering to Y-direction

dotacly iteny)  mmidl memed)  sem®;  dtemd®r  abemdTr gend)
9 VITTTVTYTTY -;eIaQ:;H

Wit} s

1¢

(b} When the slice thickness and scan cross section
increases, and the shape is a circle (item6), standard
and minimum and maximum value between observers

increases.

(d) varution of 30 volume fendering t the eopth, erea, volurms

s 2 b e woifs mad

il senily ey Dy et R s
3y v, YT T

(d) When the slice thickness is 5, 10mm, the standard and
minimum and maximum value increase isto the Z direction
and this is due to the volume changes of the phantom.

13 3. This shows the volume changes of three dimensional volume rendering to the X, Y, Z, and
volume according to the slice thickness and shape. A dot was marked which indicates the
standard value of measurement value subtracted from the actual size of the phantom and
the dotted line at the upper and bottom of the chart shows the minimum and maximum value.
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[41[5]. =3 tiF2e] AddolA] dALDsA T 93
©] A 883 (treatment volume) 2 F%9] Felo) ofa
ZApTEolY 2AMH A E AEAAE Wrtst] 4
o] COAESHATHAGEE AERE FAY
(simulation fluoroscopy image)¥} Bl &AL HAAE
B o A (electronic portal image device. EPID)S
o] &3le] wlwata Uui22-25] ey AAdgAs
718 2 A S A NN ARREHAR = F
dugFol o ATFHL FAolH AT Wl
o) 98 gk uA Hu 12 A3 B F1 A3
Hojx gt upebr] GAPAFd REAAME Ak
BAE ANarloAY 334A A Exol| i S
T o7t Agsojqol & Aol £ AFE tdd
Z79 W2 2¥(phantom)S AF st EFEshd 4
o2 AN E2EALE Asta DICOM 79
Gds X EAY A 2"dA YL sA TP
4& A7) A GAIQL 33 A G AA W
gl g A= Yrhe Sttt o] A AAF
7 1.26mme} 25mmeilA 33 T4 FHvolume
rendering)®) W3 X, Y, Z& WFgoIE Ho
1.3mm(p<0.05)9] 24 A Y, Bz &3
A% Ao} 06mm oW FAEYeH, o], HH,
23lo] thdted Imm, 0.8cm’, 3%em’(p<0.05) & &)
of AA 23] i 33 ATAAE G439 AHL L
¢ e Aoz Agdch 28y AAFA Smm,
I0mmZ Z7HFE  Holg oA Hd
45mm, 58mm (p<0.001)8] F4 #AE B3, 74
Azt 2R Wal G4 o 20mm, 26mmE S EHIL
o Zo], @, £l tha}e] [item 6]914 Hoi 45mm
(p=0.021), 821cm’(p=0.042), 11.03cm’(p=0.037)¢] 7+
g 2o YAPAES 2golA AMEsly] #A A &
gEct 29E BHHRE Hg oA AEFA
10mmel A [item 6]o14 ZAs=dl ol& AAFAZ}
Z7125E 289 ge7t 430 7z, 20 9y
o] Z7ke) W ATA @H Y FrMEFE NAEH
(spacing effect)oll we B4 AT HAANA gray
scale mapping®] AA| Az GFo| TP HEL
2 Alsdth AgEse] dAgsiArAgEe 453

tjo

Mo B

715 9% 2¥ AT McGeel14-19] 52 AHTA
£ 2mmZ 27 § A% ray tracing £4:9] 22
3 AP 22 A 22+04mm, EFAIEY) 2%
£ Hd 22mm, A 23 A5 A 18°5 B
&3 ok B A7 McGee 59 Q72HE vlatst
g W Ao 22mme] LAPEHNA & I 25mm
HHFANA L3mme] A7t 7] 230 33+ 4l
A7A Ao A HASA A Imm oM 23]
4z 9 gu9] 71AE 27t BAYS 02 AlaH
o £ 47 4748 EUE X EA7E93e] 24
o tigk ANEA 2 vt b Aloln & o] A
& AR EAY S FHE ¢ g Rtk

v.8 E

$Ele &3] 52248 (simulation)& A F8HHA
OAL A TGS N B2F FAGAT 2RO
Z 4Rt e gd 3yl gs Aotk & A7
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