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Abstract

More than 1.2 million radiation therapy treatments are delivered yearly and about
67 radiation therapy departments provide medical services for these patients in
Taiwan. The technologies of radiotherapy progress rapidly. Many advanced therapy
facilities and treatment techniques were introduced into Taiwan in recent years. In
the near future, the first proton therapy system will be installed and treat patients
with high energy proton beams. For treatment quality and patient safety, a more
prudent procedure for quality assurance and dose verification is needed for clinics
with advanced treatment systems or techniques.

Hypofractionation has been used more generally in recent years and stereotactic
body radiotherapy (SBRT) is likely to become a method of choice for the treatments
of lung and liver. SBRT includes the techniques of stereotactic radiosurgery (SRS)
and 3-D image-guided radiotherapy. For small volume lesions, SBRT delivers a
fraction dose 3-15 times higher than a conventional treatment. With a smaller
fraction number, more effective damages to the target can be achieved owing to the
much higher fraction dose and the high precise localization. For SRS or SBRT, field
sizes of 0.4-5 cm are used typically. However, dose verification for small field sizes
is difficult. Farmer chamber usually used for output calibration in a conventional
treatment system is not suitable for small field size calibration due to the large cavity

volume. Additionally, for megavoltage photon beams, dose measurement with ion



chamber for field sizes less than 3 cm has a further complication of the lack of
charged particle equilibrium (CPE). The purpose of this study is to develop a
method to measure the dose accurately for field sizes between 0.4-5 cm.

Gamma knife, Cyber knife and X-knife are included in this study. Dose
measurement tools calibrated by the national radiation standard laboratory were used
to measure the planning doses and compare with the commercial tools used in the
clinical department. Based on this study, procedures of dose measurements for small
field sizes will be developed. The dose accuracy of SRS and SBRT and the
knowledge of dose measurements in the situation of lack of CPE can be improved

through this study.
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(=) ek ®RE 45 7 (Leksell Gamma Knife Perfexion) ~ & %& 7
(CyberKnife® Accuray, Sunnyvale, CA.) % k3 7 ( X-knife
technique by virtue of Elekta Synergy ®) -

(= ) A& &3 : Farmer ~ Semiflex 2 PinPoint #3tix (£ - ) 4
WA G A 1L mm’ & 25 pm X g £ 35 5 External

beam therapy (EBT2) GAFCHROMIC® #% % (@- )
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Cavity inside
dimensions Wall
Detector Cavity vglume Length diameter Material Thickness
(cm?) (mm) (mm) (mm)
PTW 30013 0.6 23 6.1 PMMA+Graphite 0.425
Farmer
PTW .31010 0.125 6.5 5.5 PMMA+Graphite 0.7
Semiflex
PTW 31014 .
. 3 .O 0.015 5 2 PMMA-+Graphite 0.66
PinPoint
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Polyester Overlaminate - 50 microns

Adhesive Layer - 25 microns

Topcoat - 5 microns

Active Layer - 30 microns

Polyester Substrate - 175 microns

Bl- - GAFCHROMIC® EBT2 #|& A 5% &

-
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\’f

- % 2 & E F (Dose/min); k3 7 44 F BT 60 mm > ik I

%
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REAHE 1S3 24 ] pF > L 1% TR HFH B (Epson
Expression 10000XL flat bed scanner (Epson Seiko
Corporation, Epson Seiko Corporation, Nagano, Japan) )
150 dpi #nf247 & (0.017 cm per pixel ) » 48 bit # e > 42 8%
oo 2-2f P U T ¥ 048 FILMQA™ (lInternational specialty
products, advanced materials group, Wayne, NJ ) = B < #ic 48
ImageJ ( National Institute of Health, Bethesda, MD,
http://rsb.info.nih.gov/ij/ ) % 5 # & & 47 588 B~ > 1232 e
16 =~ i kAR R o E 2 R RS T 2 ERY S
R E B o
EBT 2 # 5 ehig * % & & % % (calibration film) 2 & ip)
ot (measurement film) o 5 @ & 9 5 9raE = e+ o
MY oaER R RPR S OB L S F TR PR
g (lotNo.) ¢4 % °
(1) RE%E RS < 25x20 cm®> 4 %7 & 3x3 & 5x5
cm?o R RTEE H =P Mt BAE RSB AR T
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FATE N R @Y MV SR LB RETE S o B Y
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130, 150, 170, 190, 220, 250, 300, 350, 400, 500 and
600 cGy - 4+ # Z#.w 7f 211 Farmer P53iziesk § P9
Bt = % fhdeid B ooutput & (Dose/MU) o F 2P

kg izt B0 OP > e pFo seék & EBT 2

|k

film BB sten MU @ 0 MRESRieD W5 o £ ol

(2) ZRIBF A2 RBPCFUREERZFTE F

(3) fait o & Ebiel %5 & £ Py
PR P-ts o TR 2N ik B3 8 19 1 netOD & -

w5 netOD ¥2 absorbed dose 7R % B o

D =1000(65535/PV ), OD: optical density
PV eq: pixel value (i & 47 3¥)

netOD = OD - ODbackground

(=) Apstpe s 5]
2R R P TR T ORISR BATA 4B 7 L 4, 8
2 16mm; £ %7 5 5,7.5,10, 125, 15, 20, 25, 30, 35, 40, 50
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PTW 31014 PTW 31010 PTW 31014 PTW 31010

Detector PinPoint Semiflex PinPoint Semiflex
SN: 00719 SN: 03817 SN: 00718 SN: 04226

NCO 60

(é’ \/Nc:) 2.434x 10° 2.933x 10° 2.371x10°  2.987x 10°

(Z ) 4 %ﬁiﬂ:‘iéﬁl ¥ &% %= 5 PTW 31014 PinPoint 2 PTW
31010 Semiflex 53 A 6 MV it £ 5 & T » TG-51 #| & & 5%
31 iF4& 2. % o &2 % PinPoint 2 Semiflex #5&g7F 2 Farmer
oA vr B R ¥ eh % o kPR Pra A7 7 Pk 0 PinPoint 2
Semiflex 5 ve k= jo | & sk F1+ > I P ik 75 TG-51 & &
F o1 iTA BRI RS SR EZ B R o R A
TR R o - R e B DA E R TF SR A
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3 = ~PTW 31010 Semiflex (a) 2 PTW 31014 PinPoint (b) 747> . 6
MV i # 5t 4 7 2 TGB1 A £ fesk i 4 -
(a)

TG-51 Worksheet A: Photon Beams

1. Site data
Institution:
Phiysicist:
Drate:
Accel ar **Co M Elekta
Model &zenal number: Synergy
Mominal photon energyfieam identifier: 5] MY
2. Inztrumentation
a. Chamber model: PTW31010
Serial number: 4226
cavity inner radius (1., Table lll}: 0.275 cm
Waterproof: yesill no |
If no, iz waterproofing = 1 mm PMMA or thin latex?: —
i. Electrometer model: ‘Wellhofer Dose 1
Serial number: 7049
i.Pue:, electron. corr factor (Sec VILEB): 1.0013 CIC or Sisdg
¢. Calibration Fact-::-rﬁ":i'“ {Sec V) 2 98TE+D8 GyiC {artwirdg)
Cate of report (not to exceed 2 yeara): 2011908
3. Measurement Conditions (I0x0cm®, point of measursment at 10 cm depth (water equivalent))
a. Distance (S50 or SAD): 100 cm SSOI or SAD
b. Field size: 10=10 cm
on surface] 550 sstup): [ |
at detector{SAD setup): H
. Mumiber of monitor units: 100 MU

4. Bearm Cluality (Sec VI, B -not needed for ®ra)
If energy = 10 M. uze no lead foil.
Measure %ed4d{10) [% depth-dose at 10 cm depth for curve shifted upstream by 0.6 1.,,]
Field size 10 x 10em® on surface, S50=100 cm: yes”  nolll
a. %edd{10), = %dd{10) 67.50
If enargy = 10 MY
Digtance of 1 mm lead foil from phantom surface 50x5cm [ 30&Tcm [
Measure Yedd{ 10}z, [% depth-dose at 10 cm depth for curve shifted upstreanm by 0.6 re,,]
Field =ize 10x0cm” on surface. S50 =100 cm; ves[ lno[ |
Sedd{ 10}, (includes e contaminaticn):
50 em: %edd(10), = [0.8505 + 0.00150%dd(10)z:] %dd{10)p, [%edd(10)p,=73%] Eq.(13)
30 em: %edd{10), = [0.811684-0.00264%dd(10)p,] %edd{10)z, [%dd{10)p,=71%] Eg.(14)
If %dd{ 10}, = 71% (30cm) or 73%(30cm): Sedd(10), = %edd( 10}k,
b. Sedd{ 10}, {for open beam):
Has lead foil been removed? yes no_ |
Interim alternative for energy = 10 MY & with = 45 cm clearance: uzsing no lead foil
Measure %edd{10) [% depth-dose at 10 cm depth for curve shifted upstream by 0.6 T,

ca lh']

Sedd(10):
Sdd(10), = 1.267 (%dd(10)) - 20.0 [for 75%< %dd(10) = 89%)]
¢ %dd(I0), = T

5. Determination of Ky (Sec. [X.B)
Chamber mode! used o get k-

18



a. Yedd(10), (from £, above):

67.50
b Ky [Table lorFig 4 0.9856 0.9896
6. Temperature/Pressure Comrection (Sec. VILC)
a. Temperature: 24 C
b. Pressure: 763 mmHg [=kPa - 760/101.33]
73 1 VTR0
¢Pon 1.003 Eq.|j1m=|ﬂ ﬂ|
L2952 )l Ba
7. Polarity Correction (SecVILA)
M*, -2.338E-09 Cordg
M, 2.301E-09 Cordg
a. M . (for polanty of calibration): -2.338E-09 Corpdg
b.Pay: 0.992 Eg.(9)= H“," Mo
4. P, measurements (Sec.VIL.D.2)
Operating voltage = Vg 300 W
Lower voltage v/, - 150 W
MY -2.338E-09 Cerrdg
ML, -2 337E-09 Ceorrdg
®Cp treated as general recombination _"] v,y | | TERN A
= | — — || —
a. Pign (Vs ) (Eq.14)) ><| L7, ) L ME |.-I: __|J
Fulsediswspt beams i’l v MR (e
B. Pin (Vi ) (EQ.{12)) 1.000 [' Ve / |._-1f.t.. | |._I_'.-_.| |
If = 1.05, ancther ion chamber should be used.
9. Comected lon. ch. rdg. M (S=sc VIl) at 10 cm depth, water eguivalent
M =Py Prp Pajer Pogy M o = [B{a orb) - Bc - 2bi - Th - Ta]
Fully corrected M{Eg.(8)): 23NE-D8 Corrdg
10. Dose to water at 10 om depth: D7 = M & N7 < [2.55-2¢] Eaq.(3)
a. Doze to water at 10 cm depths 0.689 Gy
b, Dose { MU{or min *'Co) at 10 cm depth 0.669 cEyMU (erserm) [10af3c]
11. Dose to water ML or min E:'l:'_:c:n} at dp, (if relevant locally)
a. Clinical %edd{10) for S50 setup / 100.: 67.50
or Clhinical TMRID, 1010} for SAD setup:
b. Dose / MU {or min *°Co) at de., 1.021 coy/MUlermar)  [1004118)]
\ariation(%) l 2.08% |

19



(b)

TG-51 Worksheet A: Photon Beams

1. Site data
Institution:
Phiy=icist:
Crate:
Accel or *Co Mir: Elekta
Model &zerial number: Synergy
Mominal photon energyfieam identifier: 5] MY
2. Instrumentation
a. Chamber model: PTW3101£
Serial number: 00718
cavity inner radius (T.,,, Takle 11} 0.1 cm
Waterproof: vesill no ]
If no, iz waterproofing = 1 mm PMBA or thin latex?: —
b. Electrometer model: Wellhofer Dose 1
Serial number: 7045
i.Paac, electron. corr factor (Sec VILB): 1.0013 CIC or Siedg
c. Calibration Fact-::-rﬁ":i"‘ (Sec V) 2 3TME+D9 GyiC {artwrdag}
Date of report {not to exceed 2 years): 201198
3. Measurement Conditions (I0xi0cm®, point of measurement at 10 cm depth (water equivalent))
a. Distance (S50 or SAD): 100 cm SSO or S40
b. Field zize: 10=10 cm
on surface{550 s=tup): [ |
at detector{SAD sstup): H
c. Mumber of monitor units: 400 MU

4. Beam Cluality (Sec VI, B -not needed for ®ra)
If energy < 10 MY, use no lead foil.
Measure %edd(10) [% depth-dose at 10 em depth for curve shifted upsiream by 0.6 T.,,]
Field size 10 x 10em? on surface, SSD=100 cm: ves  nolll
a. %edd{10), = %dd{10} 67.50
If energy = 10 MV
Digtance of 1 mm lzad foil from phantom surface S0+5cm [ 30x1em [
Measure Sedd(10)z, [% depth-dose at 10 cm depth for curve shifted upstream by 0.6 r,,]
Field size 10x0cm” on surface. S50 =100 em: ves [ |no[ |
Sedd{ 10}, (Includes e contamination):
S0 em: Sedd( 10}, = [0.8205 + 0.00130%dd{ 10)z] %dd{10)p, [%edd{10)p,=73%] Eq.{13)
20 em: Yedd{10), = [0.8116£-0.00264%dd(10)p,) %edd{10)z, [%dd{10)e,=71%] Eg.(14)
If %dd{10}py = 71% (30cm) or T3%(50cm):  %bdd(10), = %dd(10)e,
b Sedd{10), {for cpen beam):
Hasz lead foil been removed? ves no_ |
Interim alternative for ensrgy = 10 MY & with = 45 cm clearance: uging no lead foil
Measure %dd(10) [% depth-dose at 10 cm depth for curve shifted upstream by 0.6, ]
Sedd({10):
Sedd{10), = 1.267 (%dd(10)) - 20.0  [for 75%= %dd{10) = 35%]

¢. %dd(I0), = ———

5. Determination of ks (Sec. [X.B)
Chamber mode! used o get k-
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a. %edd{10), {from 4, above): 67.50

b kg [Table lor Fig 4 ] 0.5882
6. Temperature/Preszure Comection (Sec. VILC)
a. Temperature: 23 C
b. Pressure: 763 mmHg [=kPa - T60/M01.33]
(732 4+ 6a Y 7600
P 0.999 Eq.{10)=| ﬂ!{ﬂ|
L 2952 i Ba )

.

7. Polarity Comrection (SecVILA)

MY -1.175E-09 Corrdg
ML, 1.16£E-09 Cordg
a. M o, (for polarity of calibration): 1.175E-09 Ceorrds
b.Poy: 0.9495

8. Pgn measurements (Sec.VI1.0.2)

Operating voltage = Vg 300 W
Lower voltagel/, : 150 W
MY -1.175E-09 Cordg
ML, -1.17TSE-05 Corrdg
"o treated as general recombination _f'] (¥ G ME (Fy 1
= | — | e | — |
a. P, (V) (Eq14)) ><._:_ 7, ! | IME ] LF, |
Fulsediswept beams -:-l vy MR (P
b. Pin (Vi ) (EQ.(12)) 0.997 L ‘T|/I e ]
If = 1.05, ancther ion chamber should be used.
9. Comected jon. ch. rdg. M (Sec V1) at 10 cm depth, water eguivalent
M = Py Pre Papee P Mz = [B(a orb) - Gc - 2Zhi - 7h - Ta]
Fully corrected M{Eq.(8)) 1.168E-05 Corrdg
10. Dose to water at 10 cm depth: DF = M & N7 = [8-35-2¢] Egq.{3)
a. Dose to water at 10 cm depths 2736 Gy
b, Doze [ MU{or min *Ca) at 10 cm depth 0.684 cGy/MU {semay) [10af3c]
11. Dose to water MU or min EJCD} at dinay (if relevant locally)
a. Clinical %edd{10) for S50 setup / 100.: 67.50
or Chinical TMR(IOD, [0=:10) for SAD setup:
b. Dose ! MU {or min *'Co) at doa 1.013 cEyMUlermmes) 10041 1a])]
‘ariation{%) l 1.35% |

#.m ~ PinPoint 2 Semiflex »s&g =27 Farmer 537 f4v i B&| £ &

-~ F¥
el iTant 2% o

Dose to water o
Chamber model Variation
at dmax ( CGy)
PTW 30013 Farmer 1015 | 0 -
PTW 31010 Semiflex 102.1 +0.6%
PTW 31014 PinPoint 101.3 -0.2%
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(=) 487 s HE % 47 5 PTW 31014 PinPoint 2 PTW

=

31010 Semiflex 53 = 4 4 5 7 Co-60 &+ & T »TG-51 #| & &
1Tk 2N % o £~ % PinPoint 2 Semiflex #5342 F it
R g% o g AP hlg ko 4o B 7 gy IR E %
% i TG-51 3k T hx v & 4% » Semiflex P53z f Ry 5
et B < 0.7% ; PinPoint #58ires b sk Bt § <
15%° = ¥ hi B B 20%2 p o #EHHFRBRE ST &
'Fiiﬁ“ﬁiﬁ“"ﬂ* 8 FF ek Koo Flpt o ARTF AR

BE o TG ofet Ae § 7 p AR ek
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%7 ~ PTW 31010 Semiflex (a)# PTW 31014 PinPoint (b) #53t5% &
4§ 7 CO-60 5 & 2 TG-51 & fes 1 74 o
(@)

Photon (FTW 21010}

T3-51 Photon calculation Table
fMachine: Gamma Knife

lon chamber: PTW 31010 Electrometer: UNIDOSE
SM: 03517 Sh: 20625

Fadius (mm: 2.75

MN-Cof0-DW (GwC): 2.933E+008 Pelec: 0.9091
Calibration Diate: 2207 20 Calibration Date: 100.07.20
Calibration Viltage: <400

Energy Co-60

KG 1.0000

Mraw+: 13.8600

Mraw-: -14.0700

Mraw: -14.0700

Ppol: 0.9925

Pion measurement

WVH: -400.0000
VL: -200.0000
MrawH: -14.0700
Mrawl: 140700
Picn: 1.0000

TIP correction

Temperature [C): 215000
Pressure (mmHg): 10240000
Ptp: 0.9889
|hhw (Positicn:100,100.100; 16mm colimatar)
Record Time{min): 1.4300
Count 1: -14.0700
Count 2: -14.0700
Count 3: -14.0700
Average Count: -14.0700
M {nC): -13.7978
Calibration Result

Dose at center [cGy): 4.05
Dose rate (eGyimin): 2.83
Plan dose rate|Gyimin): 2.81
|Errc-r [%a): 0.71
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(b)

Fhoton (FTW 21014)

TE-51 Photon calculation Takle

Machine: Gamma knife

lon chamber: PTW 31014

Electrometer: UNIDOSE

1 P ] Sh: 20825
Fadius (mm): 1.0

M-CioB0-D,W [Gyw'C): 2AME+D09  Pelax 0.2881
Calibration Date: 100.08.08 Calibration Date: 100.07.20
Calibration Veltage: -300

Energy Co-60

ke 1.0000|

Mraw+: 23640

Mraw-: -3.3530

Mraw: -3.3530

Ppol: 0.9857

Pion measurement

WH: -300.0000

WL: -150.0000

MrawH: -3.3530

Mrawl: -3.3870

Pion: 1.0006

TIP correction

Temperature [C]: 21.8000

Pressure {mmHg): 10240000

Ptp: 098849

|h|aw [Positicn: 100, 100,100; 16mm colimator)

Record Time{min]: 2.8500
Cournt 1: -3.3530
Coumnt 2: -3.3530
Coumnt 3: -3.3530
Average Count: -3.35830
M {nC): -3.3400
Calibration Result

Dose at center [cGy): 8.13
Dose rate [cGyimin): 2.85
Plan dose rate{Gy/min|: 2.81
|Errc-r [%a): 1.51
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#5 ~4eB 7 gy dUEIE 5 PinPoint £ Semiflex #5343y i 7§ TG-51
REZTERRT RS o
Dose rate o
Chamber model _ Variation
(Gy/min)
TPS 281 | -
PTW 31010 Semiflex 2.83 0.7%
PTW 31014 PinPoint 2.85 1.5%

~ AR ¥R I F]S &R
(- ) EBT2 ¥ # & o &2 2% =
Bl= %1 X-67 ~ 287 2 4 b 7 B E K&K HE 6
EBT2 % F et & Zod Bl- ® 712 3F 238\ & > 42
;¢ (fitting curve) = 4238 7 #* 3L 5 4% py netOD & £7 v |
B2 4 o pLeb 5 d fitting curve en2) % ik i® (R®) ¥ B f2

EBT2 3 % & &

e

RIE TN 24 - — AR Sk B R

23+ (TLD) efi et s -
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(@)

(b)

Dose (cGy)

700 -

600 y=2152.9348 X’ + 918.8766 X + 794.8250 x
500 | R’ =0.9999

Dose (cGy)

400 -

300

200 -
——NOD-m
100

- - - - fitting curve
0 T T T T T T T T 1
0.0 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.5
NOD
700
sop Y = 218L1779 x° +980.6000 X* + 799.0199 X
R” = 0.9999
500
400
300
200 —&—netOD o
100 - - - - fitting curve
O T T 1
0.0 0.1 0.2 0.3 0.4 05

netOD
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900
800y =1267.97267 x° + 1435.63224 x° + 827.31424 X - 7.85425
700 R? =0.99940
—~ 600
>
8 500
B 400 -
o
o 300
¢ Gamma HD
200 curve (111114)
100 —— fitting curve
0 ‘ ‘ ‘ ‘ ‘ ‘
0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400 0.450 0.500

netOD

Blo X-%7 @)-F%7 (b) %45 7 (C)EBT2 " ¥ it o 4o

(=) WHHRE TS
Bl= "Bz 2 £ 2@* 2 F&EFZ EBT2 % F £ X-k

7SR OZ S 7 AiE T endp ¥R TF #]+ (Relative Output
Factor, ROF) R} (2B - d Bl= &1 > % @& * Farmer 3 r &
B ROF» B® 5 cm M T F Y 1.1% hisi » § @I
A3em pFo Mg BB 3.0% BIFAR] > TR IRNL R
SoAKL o UM B LAY 15% 5 H|ETIRE R AT
2% > Farmer ~ Semiflex 2 PinPoint Z53gsF 4 W] 7 if * 3t fe
P52t 4520% 15 cm en#H £ € p - 2D <7 EBT2 % & & £
Bl¥ 2% F % ROl &5 ROF- 133 € #|#¥; ROl 5 1.0

mm %2 2.0 mm £ B|:7ROF 3 - &g %@ ROl &+ * 4.0
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(a)

ROF

mm #-5 I8 P & P BE K 2 iAo B > EBT2 9% & & ROF

8 i)
S TRB TR T R

System, TPS) ¥

ROI 67 % b3 0 /] *+ 2 /2 2 mm e 47 5 chid % &F

% % (Treatment Planning

73 10mm %2 5mm 5 ROF & - /4 H >

TR AT ] - K AR TPS 0 ROF & » 14 FE i
IJ:E_L‘ E"i’]j_gﬁéi/k:"_o

1.2

1.0

0.8

0.6

0.4

0.2

0.0

—— ROF-TPS —a— ROF-Pinpoint

—a— ROF-Semiflex —>—ROF-Farmer
—— ROF-10 mm —e— ROF-4 mm
——ROF-2 mm ——ROF-1 mm —

0.0

1.0

2.0

30 40 50 60 70 80 90 100
FS (cm)
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(b)

ROF

1.2

1.0

0.8

0.6

0.4

0.2

0.0

—— ROF-TPS —a— ROF-Pinpoint
i —— ROF-Semiflex ~ —<— ROF-Farmer
—— ROF-10 mm —— ROF-4 mm
/ —— ROF-2 mm ——ROF-1 mm
0.0 1.0 2.0 3.0 4.0
FS (cm)

= Xk ApEHREFS o (D)5 A% R

Ble kgt 3 FAEZ2 EBT2% 2 £R 7 %7 ROF & o
22 g = #¢ 02 > Semiflex 2 PinPoint 253 vy 4 %] % if * 3t B 1%
32202 15cm & EE Rl 27 ROF 2 s =7y &
F P& AR g % > XA R Y { oA ROI ¢ ROF
M Th o e ZRIRTR R A A2 R 2 8 o
SR ] REIFEE 0 2 P ROIEATE RANLE o TRh F o 4
RP AR5 e R 2 AT 0 FIETIE 8 k- e g ROI i %

73 H ROF & -
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ROF

11

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

AEF R R BT o TRETR Y O iR kBT R

7 ROF & #_1345 Diode #| € 3+

[

X

X 4 Ellen E.

TR E

Wilcox % 4 e 48 4 #rit > Diode # € 3+ %15 # B &2k £

BN R

bl PRI RRIPE B E AR T RRG An 0 ol Lk

BoSFd B AL (E% ch % > F)pt > Diode # B R

7503 10 mm PF & IR

B o TRk H T R AF T D

> 2 - B AR TPS e ROF & > M pg o A & enEpg it o
/Ez_rﬁ‘— -~ =
///V
/// —— ROF-Diode —a— ROF-Pinpoint
—a— ROF-thimble —x— ROF-ROI-10
——ROF-ROI-4 ——ROF-ROI-2
/// —— ROF-ROI-1 paper
0.0 5.0 10.0 15.0 20.0 25.0 35.0 40.0 45.0 50.0
FS (cm)
Ble ~ %7 PR FS o

%= KA RAR 2 EBT2 9
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Semiflex %2 PinPoint &g e # i * > £ B 16 mm 12 T chpg
TF o RT3 EBT2 %% 5 8 8] % % ¥ Josef Novotny % 4 &g
L3 APTNEE B AT R Y EBT2 % 7
A AR R o WL F O R T U T LR

B o

it

%"; e Av% 7 #Bé’]’pﬁgq '_;F]—:j- °

cone size | ROF-TPS |ROF-Semiflex]ROF-Pinpoint| ROF-EBT2

16 mm 1.000 1.000 1.000 1.000

8 mm 0.900 0.759 0.756 0.895

4 mm 0.814 0.317 0.382 0.815
e

AP AHE AR R E AR PR E R
OB R s R BRI ET A3 0 7 e 3 R R R E g
RIS % RE N e 4T o

G SRR RS R o B3 ehiiop B A L v Farmer %
BoE A 7 gt TR T 41030542 & AAPM TG-21 & TG-51 3k % 2

S TR ST RS ERE EERYSEE T

31



Farmer 53tz & B8 £ R 7 23cm> e 2 g * 32 5em ™ | ¥
S ERIE o Fl AR Y R TG-51 iy FR o i Semiflex %

PinPoint 7?5833y = = 3 $& & RE&h1 17> 27 % chik 22 ¥ en

é’%ﬁ4%$ﬁ474’#ﬁm’?“h% ) B FEN o
| RRIFROF ZiRly 4Py HFIEER - ERIEEHE 2 ehx ) 2

30 %7 0B % o PinPoint P53 vzEe & 7 A 3 0.015

Brppo® g ERE-EBT2M P 55 3 2 B3R 2 &5 & k450
Fio 22F &3 BRI ROF en® pl1 (5o R a > kg 2FTF n
BB o e R R AB RFHE ISP R ReiplEAR 2 2 R iF
2R 0 ¢ 45 EBT2 B 7 chife iz 2 f7fy Bk T2 173 > 302
REFEERERE T A @ EmatFEe A7 £ F A

£3%2 ROl ¥ ROF EenZ B > S fpk 1 (F X AR E{ D

SRS R LI T tEy T SRR R T
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