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w03 TunsdavigUasuzisaduunaunisanssad daewmaiia Three Dimension Conformal
Radiotherapy (3DCRT), Intensity Modulated Radiotherapy (IMRT), Volumetric Arc
radiotherapy (VMAT) Tuindesnrs¥eddve ELEKTA Infinity™ Lazdiie Accuray TomoH
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fiANadsA1NUAAIALAREL WUILNL X WUIWAY Y WAZLUILAY Z Wiy -0.23+2.67 13l.,
-0.09+2.02 1l Way 3.09+2.84 1y, MU nquldszuy Laser+DSL fALadsA21m
ARIALAROU WLIUAL X WUILNY Y LAZWLINAY Z WU -1.01+1.54 1. -0.3822.05 11!, Uz
10.26+1.68 1y, AudISU eTnzidaeada Independent t-tests Wisuiflsuanaieniy
ARIALARBUTENING 2 SPUU NUTIANRABLLILAL X wazkwiwny Y LifAnuwsndisegnadl
edAny (P=0.305 wag P=0.689 MUAINU) LUILAY Z WUINHAMULANATUBETTedAY
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A%a way 1.58+1.23 A%e mudy Fadeumnanstuegnelitudfey (P<0.001) dudusean
AanaLadeulaesIu (Total Vector Error: TVE) v04gUnsaifildszuu Laser warildszuy
Laser+DSL §iAvinfu 3.12 uag 1.11 u. auddu uaglddnwsanuaainndeuadeves
oULRRIUTUIM T UNMLI8NI5I9MAY (Planning Target Volume margin: PTV margin) 7
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Application of a Digital Spirit Water Level to Measure and Determine
The Slope of The Chest Surface in Radiotherapy Positioning of Breast

Cancer Patients.

By Khanthong Chaimongkhol!, Ratchadaporn Prasertsom!, Chanwit Maka', Anatta
Khruaewongsa!, Rungsinoppadol Thotong?
!Depertment of Radiation Oncology Therapy, National Cancer Institute, Thailand
“Department of Research and Technology Assessment, National Cancer Institute,

Thailand

Abstract This research is to study the efficiency and accuracy of the application of using
the laser system with the digital spirit water level (DSL) compared to using a laser
system, which is a standard method. The study examined and assessed the errors,
which could be caused by many factors, such as the use of fixation devices, the
expertise of the radiotechnologist, and the patient. In the positioning of breast cancer
patients before radiation therapy, using the Three Dimension Conformal Radiotherapy
(3DCRT) techniques, Intensity Modulated Radiotherapy (IMRT) techniques, Volumetric
Arc radiotherapy (VMAT) techniques. In ELEKTA Infinity™ and Accuray TomoH radiation
machines of totaling 34 cases by selecting according to the inclusion and exclusion
criteria, which assessed the error in 3 dimensions: left-right (X-axis), head-foot (Y-axis),
and front-back (Z-axis) from X-rays in kV-kV-imaging mode and Cone Beam Computed
Tomography (CBCT) mode. Compared with computed tomography simulation image.
The results were the group of breast cancer patients who received pre-irradiation
positioning using only the laser system had mean error in the X-axis, Y-axis, and Z-axis
of -0.23+2.67 mm, -0.09+2.02 mm, and 3.09+2.84 mm, respectively. The groups using
the laser and DSL systems had mean error in the X-axis, Y-axis, and Z-axis of -1.01+1.54
mm, -0.38+2.05 mm, and -0.26+1.68 mm, respectively. When analyzed by the
independent t-tests to compare the mean error between the 2 systems, it was found
that the mean in the X-axis and Y-axis was not significantly different (P=0.305 and
P=0.689 respectively), while the mean in the Z-axis was significantly different (P=0.003).
The study of the average time for patient positioning found that the positioning using
the Laser system average of 40+21.87 minutes, while using the Laser system and DSL

average of 7.94+6.13 minutes, which was statistically significantly different (P<0.001).
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In addition, the average number of repeated imaging sessions between the laser
system and the laser system and DSL were compared and found to be 8.00+4.37 times
and 1.58+1.23 times, respectively, which were statistically significantly different
(P<0.001). The Total Vector Error (TVE) of the device using the laser system and the
device using the Laser and DSL system were 3.12 and 1.11 mm, respectively. The
average error of the planning target volume margin (PTV margin) in the X-axis, Y-axis,
and Z-axis of the device using the laser system and the device using the Laser and DSL
system were 11.34, 12.49, 17.48 and 8.85, 8.92, 7.56 mm, respectively. In summary,
the comparison of the use of two systems, the standard laser system and the laser
system combined with DSL, found that the positioning error values in breast cancer
patients were not significantly different in the X-axis and Y-axis, except in the Z-axis.
Therefore, the use of the laser system and DSL helped increase the accuracy of patient
positioning, especially in the Z-axis, reduce the overall mean error (TVE), reduce the
PTV margin error, and reduce the time for patient positioning, as well as reduce the
number of re-imaging. There are resulting in patients not receiving unnecessary
additional radiation doses according to the principles of safety and radiation hazard
prevention. (Thai Cancer J 2024;44:157-172)

Keywords: Discrepancies in positioning radiation patients, Laser system, Water level

measuring device that reads digital numbers.
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52108U25798 (Research Methodology)
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8o TOSHIBA ’iqlu AquilianLB il 16 dlas sswaila Three Dimension Conformal Radiotherapy
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013N 3) IesesdiansmsinvLenasdneNfmes (CT-Simulator) 4) LA3esisaaynn B9 ELEKTA
Infinity™ uazdlvuaszuunmin3n (IGRT) uag 5) Lﬂ%amEJ%’@?%LUULﬂﬁmmgu?Jﬁa Accuray TomoH
AflvuaszuunwiAs (GRT)
nsiuTIuTtoya

1. favingUrelvegluvitueunneuazenilomilefsvedugunsalsesiau (wing board) 84
fezsesusugaaINAiiedasiewingiae Taunsalseati tgunsal DSL Meuuiglaemuun
817 kazLWITINAIGUIBRSIAAUEINANT (Isocenter) YaansviudnLsERouRames (CT Simulator)
andudineniienlfiitelidung 98 (Reference)

U ¥

2. daviUaeneuatesad 2 35 laun 359 1 davidiessuy Laser sauduidunivunvauiun

1 ;4

WunaeFaduudgUIg (skin marks) A95UN 1 uae 359 2 901A8s2UU Laser TaufuLdUAUA

'
a1 1

vouiniiufinte¥aduuigihe dnidihsoglutiswesgunsaifassdutifieuanlduassuiinlann
vipadnanansinm fagui 2

3. mMansraapUATHgNAessiud luns I iheusaduais 2 seuu fessuunm
30 (GRT) lagiUSsuiisudua nssdarnlusunsulnsunused@sneinvuatuia (Digitally
Reconstructed Radiograph: DRR) lagldlusunsunisgausiunin (image registration) Tlanand
Fouviumofiunminununs3nwly (ORR) fagui 3

0. ufindoyauasnsdavindaetia 2 ssuvadunuutufindeyadaueaiaiadoulunisdn
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(A) (B)

5UN 3 uanen1seuigunsnsIadeuAnaIesEuUAIminga (IGRT) 3U (A)-DRRs (Reference),

U (B)-amilIeuLiigusendng DRR funn CBCT lnglalusunsunisdousiunm

nsATIEdaya
1) NMSANWITAILIUNIANAINNAAIAAFEULAESIY (Total Vector Error: TVE) 489n159A%1

AUIEINTY 2 SEUU AD T8UU Laser UWagsyuu Laser+DSL A1AMuAa1andoulagsasAuInlavn

Total Vector Error: TVE =/(Lateral)? + (Long)? + (Vertical)?

2) MANARIALARDUTBY Systematic error (z) BslAannisAuIMmALTAUULINTE Y

' A A A ] =t v i a

vosrAuaamnfsuaislunsTaviUlguiazs1e wagn Random error (0) Femlaainaadie
o U ‘:I' ¥ o o ! . ] o 4
Adva03v09ALUeuuNNINTgIU kit lUALIMMIAIYaUAYeY PTV margin dwsugunsal 2
szuuitdlunisdavindUrsuzisadun Ined1uaneal PTV margin anudeunuziinzes Van Herk M1
faaun1sil Ae PTV margin (mm) = 2.5 +0.70

3) MINTEALMVeIteavndoUmYala Shapiro-Wilk Test ToyadinuaieneUssynsmans
YoeftreNsS UL UNIesed dnavemeaifinssaun Taun i fevay A1vgn-gedn
ALadY alif Chi-square test waz @fid Fisher exact test lHUTguLBURN YL UBLATDINIABINGY
@A Independent t-test Lagads Wilcoxon rank-sum test TlUS8ULIBUANNLANANNUDIALAAY
ANUARIALAEBUAINNITIATIEUIBNAS WU Atadenial kard uInATIveINsInTiEUiesening

N3l UL Laser wagsyuu Lase+DSL nwuassauidfgnieana (P<0.05)
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msAnwlugtaefians¥duinaniuniomn 30 e Tasldgunsaifianisineiuizsesusy
anama Swfvgunsalsowvu wazgunsaiseadifmiloutu fUiearldsunisaneddfomaia
3DCRT, IMRT wag VMAT lagldseuu Laser lupsaneSsdiiednvingtaediuiu 17 1o wavldszuy
Laser+DSL Haedavidtuau 17 916 deyalaerameinguitesisisaeinds wuindiongsywing 36-55 T
unfian Seuay 58.8 01gLadn 53.76x11.86 T Uhniinszning 51-60 Alanfuuazimingening
61-70 Alansuildwvindu e fovas 29.4 ua dmiiniade 58.47+11.19 Alansu iunsrdnginu
ponviain (MRM) $eway 94.1 fthedulngfldsunsiiiaividasaufunisaisied (CCRT) fevay
94.1 waziduffivegluszerlan stage Il $ovaz 50.0 FmeazBoaluasisil 1

dowFeudoyasnuaeihluresithetassndgy Suunniungs seu Laser lukesanessd
Frednvinanefedguisdiuin 17 919 waznguildszuu Laser+DSL $1u2u 17 79 WileniAdy
uANEIsEIIengEveseny i szevlsn SUBUUNISHFAIUY ke FULUUNITINW Fadangy
meadi# Chi-square test %130 Fisher exact test wudlluanenaiumsadia (P>0.05) Yeyaigausunm
1¢un 01y wazthmidn wdinveaeumsnsrateiavesteya wuifeyarasnduiinisnszaisia
wuuUnd dledsuiiisuainuuandisegiaie wagtviniaisvesrisasingy Insldada

Independent t-test lUnuAMULANANAUNNEDR (P>0.05) AIT18adunlua15199 1

M19199 1 dnwaseraluveaUlsiiatesadusnainug (n=34)

Auus FAUFDINGY e ! a2 P-value
(Laser) (Laser+DSL)

UM (%) U (%) U (%)
a1y () 1.000
20-35 3(8.8) 2(11.8) 1(5.9)
36-55 20 (58.8) 9 (52.9) 10 (58.8)
56 Tulu 11 (32.9) 6 (35.3) 6 (35.3)
E]”IQLQg‘c’JiSD 53.76+11.86 54.18+12.28 53.35+11.79 0.843
dhwin (Rlan3u) 1.000
40-50 9 (26.5) 5(29.4) 4(23.5)
51-60 10 (29.4) 5(29.4) 5(29.4)
61-70 10 (29.4) 5(29.4) 5(29.4)
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Auus FAUFDINGY e ! a2 P-value
’ (Laser) (Laser+DSL)

37U (%) U (%) U (%)
71 uly 5(14.7) 2(11.8) 3 (17.7)
ﬁmﬂfnméﬂiSD 58.47+11.19 57.96+10.14 58.98+12.44 0.627
szezlan 0.053
I 14 (41.2) 10 (58.8) 4 (23.5)
Il 17 (50.0) 5(29.4) 12 (70.6)
1] 2(5.9) 1(5.9) 1(5.9)
\Y, 1(2.9) 1(5.9) 0(0.0)
SULUUNSHIARLATUY 1.000
KFanYiaLn (MRM) 32 (94.1) 16 (94.1) 16 (94.1)
HRALUUATIULEN (BCS) 2(5.9) 1(5.9) 1(5.9)
sunuunsinen 1.000
A15ANYSIEFDY19LAY? 2 (5.9) 1(5.9) 1(5.9)
(RT alone)
ASlmALsINAUNITRNY 32 (94.1) 16 (94.1) 16 (94.1)

S9@ (CCRT)

mnemn SD=d1udsauuuninsgi, duds o1y umtln szeelsn sUnvumsiidawdiug waggluuunisinvisuiisuanuuand1eseninanguiieaia

Chi-square test %138 Fisher exact test, W3guilsuanuunnatetgiade tminndeseninnguiidavindessuy Laser uagnguiildseuy Laser+DSL lngldada

Independent t-test

5197 2 ﬂ'ﬂLaﬁUmmmwmmmLﬂﬁaumﬂmﬁmvhﬂﬂwmL%QLéf’mmmﬂmsf{‘]’mvhﬁq 2 5UU

.4 o 95%Cl of
o . ALRA8ESD UMY
HUININITIANN 4 aa different P-value
(mm) ALRAY 2 25
mean

AINLUALNU X
J¥UU Laser -0.23+2.67

0.78 -0.76-2.32 0.305
32UU Laser+DSL -1.01+£1.54
AINLUALNU Y
J¥UU Laser -0.09+2.02

0.29 -1.14-1.70 0.689
J2UU Laser+DSL -0.38+2.05
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MCl  sanslsrussa U9 44 20U 3 Augneu-Sunau 2567
L4 L 95%Cl of
o ANDRYESD dusing
HUINIINIFAANN Vo4 am different P-value
(mm) ALRA[Y 2 25
mean

ANULLUALLAY Z
J¥UU Laser 32.09+2.84
32UU Laser+DSL -0.26+1.68

MBLng S2UU Laser = nsdavinlagldszuu Laser, seuu Laser+DSL = nsdavinlagldszuy Laser samgunsalinsedvivdnsuadiavwuuidna, SD=du

3.35 1.73-4.99 0.003*

a a_a ~ a ' ' a ' v aa xS W W o W aa
LUBILUUNIATEIU, mm= UABLUAT = WU, , LU‘JEJUW!EJUFYJ’]QJLLWﬂWNF‘Y]Lﬂﬁﬂi?ﬁﬁ’ﬂﬂﬂ’q&m’]ﬂﬂﬂﬁ Independent t-test, UT¥AUUYAINYNINEDA P<0.05

HIBIATIENMINITNTEAEMITOYANI 2 AU NUTIANRFLAIUAAIAAREUNT 3 LU dN13
N3AEMLUUUNG ARdevesnuAaIandeuveIn siaiifUuisussausuunoun1sanesed wud
Y-V AU X, WUIATWE-LT WU Y LAZLUINTI-18 Wi Z tagldseuu Laser fediaadewvinny
-0.23+2.67, -0.09+2.02 k@ 3.09+2.84 Uy, MUAIAU @IUNITLIILUU Laser+DSL dA1adgwinnu
-1.01+1.54, -0.38+2.05 wag -0.26+1.68 Ui MUAIAU NISAIUIUAILRALLAARNLASBINUIBTILERS
a d' 1 v d‘ vV aa a = 1 d'
AAN19U09ANAAIALARBUIINALY Lilaldadf Independent t-test LUSyULTIBUALRREAD 1M
AANALARBUTLIING 2 FTUU WUTN @3UAN9AMRAYTULULITIE-931 WAL X, WUIATYL-Y11 AU Y TA1

o w

WAy 0.78 wag 0.29 ui. ama1au dsldiinnuuanaisegeiidedfey (P=0.305 uaz P=0.689

[y

ANUAIAU) AIULLIVL-NRT BAU Z WUINLEIUANNAMRAUVINAY 3.35 Ui, F9LAIULANAIAUDEN9T

Tednfey (P=0.003) Fauandlumsnsdi 2

o

A1519% 3 WanaAn Total Vector Error (TVE) iwd’mqﬂﬂiiﬁm“é’fiwu Laser way S¥UU Laser+DSL

4 WUAENE-UIT BUIATES-IN WUINTIN-9AY
AUABIALARDY TVE*
Al X (mm)  wau Y (mm)  wnu Z (mm)

35UU Laser -0.23 -0.09 3.10 312
3%UU Laser+DSL -1.01 -0.38 -0.26 1.11

MBI *TVE =/(0)? + )7 + (2)7 , 38UV Laser = nsdavilagldszuy Laser, svuu Laser+DSL = n3dnvilagldszuy Laser sangunsaiinssduiludngue

AAAVUUUANE, mm= NaBLURNT = U,

Toyalum319¥ 3 uansr1AuAaIAnaeulauTId Total Vector Error (TVE) vesgunsaliild
S¥UU Laser+DSL #ANVNAY 3.12 wae 1.11 14y, Muddu nansinsievdeya n1sldseuu Laser+

DSL 918anANUAaIAAADULA8SINAILR
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nel miﬂissgnsﬂ%@ﬂﬂizﬁmszﬁuﬁwﬁmémﬁﬁﬁuammuﬁ% fa Tunes lveng uazpaly
Systematic Error Random Error
4.00 20.00
H H 10.00 H
] ﬂﬂ || ﬂﬂ ﬂﬂ =
(1131.) (1131.) (1131.) (1131.) (1131.) (1131.)
[ Systematic error ( £ ) (Laser) [ Random error (Laser)
[ Systematic error () (Laser+DSL) [@ Random error  (Laser+DSL)
(A (B)
PTV margin
20.00

“ fnln la

[ Laser [ Laser+DSL

(@)
gﬂ 7 4 uanan1siUTeuisu Systematic error (A), Random error (B), kag@A1 PTV margin (C)

”[,umﬁm/hQﬂwﬂ'aumU%’qaiwdﬁﬂmzw Laser kas¥UU Laser+DSL

A135199 4 ﬂ’]iﬁ’]‘u’)mﬂ’ﬁwﬂa’]ﬂLﬂﬁ@‘HLﬂULLU‘Uiﬂ‘UULL@%LL‘U‘U?le 4 2 53UV

WUIENE-UIT BUAASEE-IAN BUINTIN-UAY

mwﬂmmﬂ’éau
kAW X (mm)  wnu Y (mm)  ww Z (mm)
Laser: Systematic error (Z) 2.67 2.02 2.84
Laser+DSL: Systematic error (Z) 1.54 2.05 1.68
Laser: Random error (O) 6.66 10.63 14.82
Laser+DSL: Random error (O) 7.13 5.43 4.80

NUBUG F¥UU Laser = msdavinlagldsyuu Laser, 3¥UU Laser+DSL = nsdavilngldsyuu Laser ‘nuaﬂﬂsmmumuuwummummmmwmwa Systematic

error_ﬁmmmmﬂaaummwu, Random error-mﬁmmmLﬂaammuejm, mm= JaalAT =1,

Toyalun13199 4 uandAn Systematic error () Y8999 2 s¥UU TWUUIEIE-991 LU X, WA
ATme-ln WAY Y wazkint-nas unu Z lagaunsalilldseuy Laser dA1Anuaa1nafauliessuy

WINAU 2,67, 2.02 WAy 2.84 1. AUAINU dUNITISEUU Laser+DSL AA1AINUAANALARDULTISEUY
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Ao,

NsanslsauziS U9 44 20U 3 Augneu-Sunau 2567

Wiy 1.54, 2.05 wag 1.68 u. MUARY kazlkandA Random eror (0) Tukwagne-u9n wnu X, s
ASWL-LY1 WU Y, BWUINUN-UT AU Z maaqﬂmaﬁﬁﬁssw Laser WU 6.66, 10.63 kay 14.82 w4
MU wargUnsalildsyu Laser+DSL SAnAuAaaLARBULUEN Winiu 7.13, 5.43 uay 4.80 .
AudITUAIATIETYATEUY Laser+DSL finnuaanlAdeuuuuszuutiosndmnLusniuLun
Aswy- wazmnuAaAlAAoULUUANToINT WAL oL TukuIg1e-217TEUU Laser+DSL A

11NN

A1999 5 NIAILIANAIINAAIALAZDY PTV margin

4 WUAEIY-Y WUIATYL-4 WUINTE-AES
ANUARALATDU
wAY X (mm) WY Y (mm) WY Z (mm)
3¥UYU Laser 11.34 12.49 17.48
93UU Laser+DSL 8.85 8.92 7.56

MR 52U Laser = M3¥avinlagldszuu Laser,5euu Laser+DSL = n1sdavilagldsyuu Laser Saugunsalinsgduinving uadiavuuudina, mm=

Tadumms=uu.

latAn systematic error wag random error 11 ML DAIUIUMIVEULYATDINITINUHY
$nw1 PTV margin W3 3 wnu Imaqﬂnmﬂﬁwszw Laser hUILAY X, WUILAU Y, hUIBAUW Z TN
Winfu 11.34, 12.49 wag 17.48 1. sudIdy damgunanifildszuy Laser + DSL 94 3 wnu winifu
8.85, 8.92 WA 7.56 Wy, MudRU namFlazideya wuitnsaunsaiildszuu Laser + DSL il
YOUIIATDINITINURLSN PTV margin tfosningunsaifildseun Laser s 3 unu wandlumsnedi 5

wazgUnsmi 4

(%

a = a ! ‘:4' ° & A Y ¢ o
A1519N 6 NMSLUTHUNIUANRATLIAN LL@%"\]']U’JU@iQGU@ﬂﬂ’]iﬁ]@m’]@ﬂ'ﬂUfﬂ'ﬂﬂqﬂﬂimﬂﬂ 2 32UU

. L4 dunn9 95%C\ of Wilcoxon
Aaus ANRAYESD 5 e P-value?
12ae 295 different mean  value (2)

1381 (U9)

3%UU Laser 40.00+21.86

32.06 20.51-43.61 4.844 <0.001*
52UU Laser+DSL 7.94+6.13
Sruuadsdavi (af)
J%UU Laser 8.00+4.37

6.42 4.10-8.72 4.844 <0.001*
32UV Laser+DSL 1.58+1.23

o
B

MNewme 52U Laser = m3davinlagldszuu Laser, 52Uy Laser+DSL = ns3nvilagldszuu Laser saugunsalinssduiivdngmediasuuudda, SD=dwu

WeauunnsgIy, mm= Sadwns= uw., *adf Wilcoxon rank-sum test; *Tsziutibddgneadn P<0.05

W9AT1EININTTNTEANLMTRYALIAT wardutuaTIveInsinviigUienldaunsalseuy
Laser WarI¥UU Laser+DSL wud1 Yeyaiiniswanuasldunid n1sdnvingUlsvesgunsaiiildssuy

Laser #9131 11U 8 ASY ddugunsalildszuy Laser+DSL H91u3u Wiy 1.58 A1 189910
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Ao,

o

m3UszendldaunsalinseAuinTing 1WAR AL UUATA Tunes lveusna uazany

Wisuifleumuuananssuuaduaesearing 2 ssuudieadi Wilcoxon rank-sum test wud faa
uanAsiuaesiiaddny (P<0.001) uazAladsvasavesgUnIaiildszuy Laser iy 40 il
drugunsaifldszuy Laser+DSL iy 7.94 uiit ilevandunuamsadfIouiisusening 2
seuU nuhdemuwanansiuegedited ey (P<0.001) Fawandluansnsd 6

30

|
L% =

(v [ 1 U al Yo < ¥ I~ d' o 1 1 a a
m3dnvingUheneunsaneSadluUlsuzsasiuuiluruiunmsndfadazdmasneussavsam
v I & o U oA | o w a ) I
wazAUgnedlun1sanesed Wesniduinsuiuditliaunsaminauraiandoulivualula
Waten systematic error tag random error 1MATUIUNIVDULYAVDINITINUHUSAE PTV margin
nungunsalfldseuu Laser+DSL §A1 PTV margin Wasnitgunsalildssuy Laser 19 3 unu
Qlel . o Id ¥ o = = ! dl' (% | ! o/
wenandawaulun PTV margin 31JUARIANINAIAINAIALARDUAINAITIATINSIUAIY LAEAIT
Tdszuu Laser+DSL rvanmnuaatspdaulnesinasle
mi'&ﬁ’mhsliﬂaEJ"LumimsJ%’aﬁU'%nméﬁuﬂﬁmﬁamﬁm@ﬂﬂ%’amaamuﬂiums%’ﬂmﬁfuvﬂuﬁaﬂ
gn lngannnladendnae inweANtIugesinsidnisunnglunisiavnatesadlundaziu Jade
594 A N13vduiivedtae n1smela A15LN5961 LLazﬂaé’aﬁﬁwﬁmﬁﬂaéNﬁa;ﬁﬂaaﬁtﬂumL%ﬁl,éh
szfinsimsnuuiuiduuziseenluibidiuns 2 Srdliaugadu edymssdumuaiadei
nosmsaUanlivindulunisinsmunisiunaessd wazdguivesduuaundsluddnesn Tunis
YD ULFALATIALAITINIMNTIBNYI TR WLIN1TevaRs LN liniioudy denalinisdavienndu
MsfnekuInvesdyY Muguas wasane’ Wisuisumsdnidiisuzisadiuunsuaiy
§98MIU2UU Laser LWB0g19ABIAUTEUU Laser+AlignRT Wui153UU Laser+AlignRT Ludgne-177
(Lateral), Wuw3Rswe-1in (Longitudinal) AnadevasaiuaaiaindoulunsiaviiUlglidanuunnee
Auog 19l dud1AYN19adf (P=0.08 wag P=0.06 AIUAIAU) WALUINUI-UAS (Vertical) ALady
dll F 2N ¥ @ 1 [y 1 a o o aa ‘3! a
Y93A11UAAARRB YR UIB UL NkANA1siueg il e dAynieadia (P=0.01) Fadlaany
v o a o g.jl tdy < o 6 o 1 2 < v
AdefunuIdeaseillagidunisiigunsel 2 seuu wnldlunsdavigUisusisasuy Ingssuuwsn
Wuszuu Laser Failuszuuninsgiu drussuuiaesldszuu Laser+DSL Wui152UU Laser+DSL
WWIEIE-13T UWNY X, WUIATEE- WU Y Anadsvesauaataaioulunisdnviiguaelifiaiiy
WaNFANAURE 1B AYNINEER (P=0.305 Way P=0.689 MINAIAU) WALUINEI- AT WY Z ANLaAE
veAuaalnaaaulunsIanigUisuandisiuedalidedAgynieads (P=0.003) Jeriade

Guaam'mmmmﬁauﬁLﬁms?jmiwzmmﬂé’w:iﬂwﬁﬁwLﬁﬂmiéﬂamﬁ’gmﬁ (CT simulator) Tuwsn

=

flonnainseilieanndesnendesenivuaiiioviaunsalianssusnaufitzaiesidnauindnsd

v

AaNTILRDS YIILlAN1NTad1984 (Reference Image) In1senaniu witinSsd@n1sunndazaSuleyn

=

Tunpuiioanni1sinisiiveaiUlsudinay lufusuaiesadiuusnitesuiounats linfsiumilou

a

Juridnasdasuniames vinlvnisaneninlsearTuluresanesedlidauiunafnunindsdo1984

[

wardnannguilsUrendadnuuiunifuuzsesniadi wiuuiundilidneanlunsueuusazass
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L msanslsauziss U9 44 20U 3 Augneu-Sunau 2567

[%
U a o

AzhTIRIvTIenid Ui ve iUl imlouhuazdwmalinisansnmuszariuluies

v A (74 U a o v a vV a 1% 1 o dgjﬂj U £ L3 ¥
ausedlidowriuneftuninisdansdlaguiu uenainiidanuiinisldqunsaissuu Laser+DSL g
FILANTIUIUATIVOINITANLANDILAZaNIAUNTINIEUe vi TiaunsauiugUieselndlasn
¥ o [ = gj dyd Lg% % 9(; a 1 1 £ aa v [ d’lj d‘ o [ 1
Tai1inveIn1sAnwIAsIlAegUnsalTnsEAULIvlinguAIAE UL ULATE Tala luiuidndnly
ATBUARUIUTWUNTIIAUR Talausule mTANYIIeANANAINTISIdTEUUAI 3 TR (3D Surface
imaging system) a1¥3gdnfurisUInauLarsEni@IesElleIndsIAg

GELY
v a Y < ¥ a [ | L7 I v a Y 6 A
nsanededisuzisuau InsdnvngUleneuanesdnieaunsel 2 seUUAe SEUU Laser

WALSEYUU Laser+DSL WUIMUITIE-UIT AU X, hUIATEL-11T kAU Y, ALRREYDIAINUARINLAZDY
lumsdaviduieneunisaresedldianuunndsiuegeilideddymieadil (P=0.305 wag P=0.689
AUETU) WALWINT-MAS U Z AadevesrnuaaaedeulunsiavigtheneunsateSedilaiy
wANANAUOEINNANAYN19EDR (P=0.003) A9UUN1TIUIZUU Laser+DSL Fsgraiinassiugly
nsdnvidasluwuiin Z ananueaianisulagsiu (TVE), anliatlun1sdnvigdis, andiuiu
ATIVBINITANLAINGT, kazLilaAIWIUMIAIYBULYA PTV margin fiA1eendive 3 unu lnedeyady
< Y & o 1 o P 14 Y a v a
Juwwmndlisadunndinlusnlalunisnununissnvielinseunguasuwanisiidsunnssdves
j 2 < I £ = ) 1 [ A o t% { =
Aounziseedegnaes Han1sAnwluaseilaislunuiniedilvnsivdaigvesainuaain
indeuinTuannsInvigieneunisaesiduazifentdaunsallamungauiiomvunveulunves

M3NUEUNTS K lAgNAes dewaliuseansnmueanssnwmgawull

AnANssuUsEAIA

[ %
[ ]

nuidensalidnsaied Audfnunide veveunm Sdunndnniinu e1ansdandnd Weuvus

]
a A

fnfednsunndiTenviey LarYoreuUANAMENTINNNTITELAY 3 usTTL a0t UL SaueuA 7

firsuiurgeukazeudAliddunsdineide uwasveveunuini@ndnisunmd dnisdnisunmnd

wagtdmthfiynvindunguausedsnu aandunsSaisnd Alianutismdeuavatvayulunig
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