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Abstract - The accuracy of radiation dose delivery to target volume is one of the most
important factors for good local control and less treatment complication. In vivo dosimetry is
an essential QA procedure to confirm the radiation dose delivered to the patients, Transmission
dose measurement is a useful method of in vivo dosimetry and it's advantages are
non-invasiveness, simplicity and no additional efforts needed for dosimetry. In our department,
in vivo dosimetry system using measurement of transmission dose was manufactured and
algonithms for estimation of transmission dose were developed and tested with phantom in
various conditions successfully. This system was applied in clinic to test stability,
reproducibility and applicability to daily treatment and the accuracy of the algorithm.

Transmission dose measurement was performed over three weeks. To test the reproducibility -

of this system, X-ray output was measured before daily treatment and then every hour during
treatment time in reference condition (field size; 10 cm x 10 cm, 100 MU). Data of 11 patients
whose pelvis were treated more than three times were analyzed. The reproducibility of the
dosimetry system was acceptable with varations of measurement during each day and over 3
week period within £2.0%. On anterior- posterior and posterior fields, mean errors were
between -520% and +2.20% without bone correction and between -062% and +3.32% with
bone correction. On right and left lateral fields, mean errors were between -10.80% and +3.46%
without bone correction and between -0.55% and +3.50% with bone correction. As the results,
we could confirm the reproducibility and stability of our dosimetry system and its applicability
in daily radiation treatment. We could also find that inhomogeneity correction for bone is
essential and the estimated transmission doses are relatively accurate.

Key words : In vivo dosimetry, Radiation therapy, Transmission dose, Tissue inhomogeneity.

Lo - PAUAE A BPO ABY B PAHE ZAHE AL T ALE PN P
g AEE 2 233 ARE Pedl At 2@ 2200 F%l 2R PR
A2 B9 AZ9 FAHEL BA) 9B oy Pl ARHT Jod, FAUBE ol§

r e oy



MR REBGT - F27E FIK 20025

2% @ A2 ugadeln) o AR A 240 A5 3L AR gk ¥ @y
A% ol in vivo WFFHANAY Aoje) AR 2PNN FHAZE A% 9
Ze ALY, 2 BN AL in vivo AFSAA2E) vl @ 2729 A
Aatn, B9 PAUARAN olg A TAL 4 Y+ FARL stdn PwAZ
O

1o e 2 e
.

B84
AARE A e 82 69 dd2e AT 24E APggen, ol 3 SHFAG
A A8E 33 ol MY e 1139 FXE dPoR FALFH 454AF Hu 248 A
gk FAA2E9 AW A5 Q8o B4 g B 2 A8 F A 7IE AR
oA ZZAE AA3HT 98 R 4 F AT £22% oz AL FAT F AT 2
Aage g A dde BARE oY, 299 &% Na#AdAN F3Ho| AsdHol L
3% 258 BFIE TAF 2AEAG. 2R @XelAE 2UrAY EFE2EA g% 9
B gd¢ 98k, CT ¥ simulation fim$ o] &3t & 3o F748 ¥U3iq 24 A &
¥ ke vzago AFF € Fdzalel ¢ E 229 YL AUEA 4E B¢ ¥T
247 -520% WA +220%010 28, RAE AFE F -062%WA +332%E FAd nE A
9 Aol gov T RAol o HAY & AUk 2AAG 4FA T oA FFFAE
L19%WA 246%2X AdAe] ¥3¢ A F AUtk FF FFxAHIN F BAL AP
A G A BILAE -1080%HA +346%2 A F 229 pAl oA & 199 AL
Ay 25 S e AW, RAS AT F$ -055%0A +350% BFLAE AY 2
2R 242 AU & AN FAASL 43A T oA BEAAE 109%WA 6.98%=
AFwgzatore] A4nn 4@l $3¢ ¢ 5 ANt BAA2 PALAARE AY T @A
o 348 AYsd, AFAAE 1.09% WA 312%2 138 fole 257% oz AFPol 58
A8 ¢ AAh € 4L T34 in vivo ABESAA2F] AR APY S BUE + o
Ao AAY AFAE F7) A 2FFE 2ol Ak LEHE BE BA] 174, I

9 At 7

239 Ao 328 29UL ¢ 4

ARk o] & 93ted B2 3 g &

& Bust a7, ot CT 43¢ olgste ol 2A =go| Az 449

S0t in vivo dosimetry, S2IME, UAMKZ, T S EY
% 99 wAE ZA4E ¢ 829 FddM &
THAATEE SA%E 9y T A=z I
PR EE dAERY X Qo] 54 ¢ ¥ 2doNe #AE T3 AFE A9

Fasigteya gEo /1 de AgEe AR
gryjolch, wWALAX R oA FF FHAH
ARE 58 F2A4 € od e 42 F4
o] (g9 Ege & 4 g Rolg. AEF X
B8 9lME DA Mol FURYo HBE] xA}
ool du Fdoll 3= wWALMZo] H&s
aof gt Y ATH 23 (systematic
erron)Y 22913 93 (random error) 9 %
Aoz waLMdge &7 BAY F 9on A
Y 249 A X828 P52 dE H9 A
AoA LA ojPx: I WA Ay F 43
714k0] ARG Fojl RAHA Ao,

WAL Add Ax FAE AAE HAL
AR A BAd AAZ £9d PadFRe &
g T8 A5 A digd Hr} 2 #alo)
ol o]g Y8 in vivo HZZHFAAdo)
gasy old FxHoz A U ¥
SAZANE Adste ¥y, 824 A4 59 QA

> o2
S

1+ e
t. ol AES AF AN &
wE wAEe zolzt A
3%, A U AF 349

2 BEZAY oy T CHE B
bgolet & 4 Utk ol $i3t] WAIF
| vz 2 B4 A7 AR, &
371 2 8o 31H H4Aq BE Y% BT,
AR zAtopi Aol FHAF ANS HE d=3
29 M212, ETE 2HoM AF RA
g 473 2 A¥9A 2 Jig BE7T AR
A R AL €3nEF d7[2] Fol A3H
At

e AFEL T L AFAE 44 82

in vivo AZEHA A

oy ofy 2 o
ox FfL

M

=

24

ok o e o o o 2
O,

oX
ol
N

o) BAER g H &t RoUA] FAHAR

€ in vivo AFFAA 2T 93 off A A
2ge AP 2 EAH, A2d o8 A9 23



R A A8 #AAelA in vive AFEFRA2EY GEHE 39

A% 2 A% gndZd ARE FAL 93t
2 978 eyt

A g 2 ¥

20008 79 25Y%H 8Y 1449744 Mgulgu
HY AzPAdolA AgsEsig AgE Al
A we AR eeHAH FRAFY FHES N
dgon of F FIutRge WAMAEE 33 o]
24 A B 119 e dder 2FLNH
I g dFe vju A4S AF}A.

BAXNANEIIZIZE MEdgduydgd HdXd
Varian Ate} Clinac 2100C A#7}&£718 o] £3}
o, 6 MV 2 10 MV X HoA H&e A
gage 254 A9 F 488 Ada
o}

o] 23 (ion chamber)2 ¥ HAoA #ZH3 9
Ad oL o83, MY-5F7 A
(source-chamber distance, SCD)& 150 cmZ I
Astgth A2 L =7 89 v
(medium) Yol 9709 HdZ HA  (connection
cable)e Adstd =, & AXY 4L A4
37 gt AXNRe AL | emZ 893, 9
29 FE (noise)d ¥FE HA g7 Hsto
001 mm 579 T 3Tz AHE Adsn
1A% HAANE EER TAFHAY. AV &
A, WAl el FAQQ AAE Fig 184 2oy
AR A X5 o] 82 Fig. 29 2t}

AAA (electrometer) 2= ¥ I A F3
gxg 9ld ZA71  (digital multi-channel
electrometer) & o] 83t £ ZFF7E 944
APl 97 sz ANIE UIE @FIE
multiplexer 32 2 interface® FAHNI, o]
g3 A9Ae 92L& Y89 gantry EW
connection interface® A|Astd FF3gch. o
g ofd 2R7)9 zero dnifts} leakage current
= 50 fAmp °}3te]x, 10 MUSHA] 640 MU<] ¥
Aol M 05%2 APHE AT 5 Qi

Y sxte] A8 AF A 7lE RARY, §
10 x 10 cm®] 79 ZFAlokZ 6 MVS 10 MV X
Ao 100 MUE A8t FARXE vudgle
o, 59 71¢e RS AgEAn Ao A
g 5 Nade A4 ¢ AdAd9 AL 93
A B2 ASAE APsdh
Ae ANPH 6699 #BARAA set-up A
A9 saRAdAL Ao FAY 59 F5FE
&

AT Bae) AR A AT ol eF Aol
A2 AAFES stgen, o9 AAL b

2790 #& 299 B4L a4 2
2 s,

SAANEE 33 olF AW E2

< 98ty ArE FPFYe, YA ZAPEH
| & 2o} TFPHE A$ CT ¢ simulation
filmg ol&std & 239 FAE &A3dh

=

:
|
i
:

ﬁ,

\

T

o\

’ §
\ B hod
;

-

Fig. 1. The schematic diagram of in vivo dosimetry system measuring transmission dose. The detector can
measure ihe transmission dose when the linear accelerator rotates.
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Fig. 2. Pictures of actual transmission dosimetry during treatment of a patient. When patients are treated with
oblique fields, the system rotates along with the gantry rotation.
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Table 1. Difference between Measured and Estimated Transmission Dose in Patients Treated to Pelvis with
AP/PA Fields.

Difference, mean * SD’ (%), (range of difference)

nO COTTecion bone correctjonT
Pt 1 +220 + 1.19 (+0.28~+4.71) 4332 * 1.19 (+2.10~+5.85)
Pt 2 -068 * 2.00 (-347~+1.95) +045 £ 200 (-2.54~+3.08)
Pt 3 +095 * 162 (-2.26~+3.48) +150 + 162 (-165~+4.13)
Pt 4 +022 + 184 (-298~+293) +249 + 184 (-0.78~+5.26)
Pt5 -319 * 1.36 (-4.89~-0.96) +0.13 % 136 (-1.63~+2.43)
Pt 6 +102 * 162 (~1.08~+3.85) +2.15-% 162 (+058~+5.02)
Pt 7' -511 * 246 (-9.16~-1.39) -062 + 246 (-487~+3.27)
pt 8’ -515 + 2.29 (-7.33~-0.96) +0.90 + 2.29 (-3.11~+5.35)
Pt 9 -520 * 151 (-6.76~-1.74) +052 * 151 (-0.91~+418)

: Standard deviation

. The equivalent soft tissue thickness was calculated by conversion of 1 cm
thickness of bone into 1.65 c¢cm of soft tissue.

- AP field only in patient 7, PA field only in patients 8 & 9. In all other patients,
radiotherapy was given with AP & PA opposing fields.

Table 2. Difference between Measured and Estimated Transmission Dose in Patients Treated to Pelvis with RT &
LT iateral Fields.

Difference, mean * SD (%), (range of difference)

no correction bone correction’

Pt 1 =379 = 130 (-5.38~-1.04) +1.98 * 1.30 (+0.28~+4.89)
Pt 2 =350 = 257 {(-656~-0.62) +087 * 257 (-2.32~+755)
Pt3 -927 + 202 (-1169~-552) +350 * 2.02 (+0.74~+7.78)
Pt4 -4.01 * 232 (-770~-164) +250 £ 232 (-144~+5.03)
Pt5 -2.88 = 1.16 (-4.04~-0.73) +150 * 1.16 (+0.28~+3.74)
Pt 6 -695 * 233 (-10.40~-3.25) -055 + 233 (-3.26~+3.39)
Pt7 -10.80 £312 (-16.38~-6.62) +0,70 & 3.12 (-556~+541)
Pt 8 -790 £ 698 (-21.78~+5.84) -007 + 698 (-18.26~+10.62)
Pt 9 -1.65 * 423 (-7.74~+10.80) +143 + 423 (-529~+13.28)
Pt 10 =213 * 1.09 (-351~-0.69) +0.12 £ 1.09 (-1.29~+1.59)
Pttt +346 * 226 (-0.22~+583)

- The equivalent soft tissue thickness was calculated by conversion of 1 cm
thickness of bone into 1.65 cm of soft tissue.

- Bone correction was nct done because no bone was included in dose
measurement area.



SUF A A BRAA in vive MBEAAN2HY AL

SO of errors (%)

4 8

5 13 7
Patients’ number

Fig. 9. The standard deviation of erors of all the
patients treated more than three times. In case of
AP/PA fields, standard deviation of errors were all within
30%. In lateral fields, patients 8 and 9, who were
treated o pelvis in prone position had larger standard
deviations than other patients. But patients 10 and 11,
who were also treated with small lateral fields for tumor
bed boost in prone position, standard deviation were
within 3.0%.

1.800

45

40
-~ 8- AP/PA (no correction}
—#— AP/PA {bore correction)
20 /\
_. 00
2
5 A~
o 20 N
» . _-"': i . »,
L ~ .8 Y N
- [ e e » .
4.0 w - .
[}
-€.0

Fig. 10. The errors between measured and estimated
transmission doses in a patient treated with AP/PA
fields. All the emors had negative values before bone
correction, but after bone cormection, the errors
decreased and all were within +3.0%.

1.700

1.600

Reading

1.500

1400

e 78 269
a7 279
(e 7% 289!
D79 319
[e—BE 19 |
-m-89 2 !
|88 3Y !
e L
i—e—89 7€ |
o83 89 |
i —e—-88 9% :
i—o—8% 109|

8:00

%00
10:00
1.09

s 8
§ 5 3

8

s -8 1Y

o
5 S o8 14

Time of measurement

Errors (%)
®
(=]

6.0

! -« - RT/LT (no corection)

x —a—RT/LT {bone cofrection)
[ i

T

5

6 7
Number of measurement

-
-+

8 9 0 1 12 13

Fig. 11. The errors between measured and estimaled transmission doses in patient treated with lateral opposing
fields. All the errors had negative values before bone correction, but after bone correction, errors decreased and

were within £4.0%.



46 WG RERE . 274 FI1% 20024

20

> @+ AT/LY {no camection)

—a— RT/LT {bone comection}

0.0 \\
[ ]
\b
..

Error (%) .

{

~N

=
L

Number of measurement

Fig. 12. The emors beiween measured and estimated
transmission doses in a patient treated with small lateral
opposing fields for tumor bed boost for rectal cancer.
After bone correction, errors decreased and all were
within £2.0%.

9 2EINE RARA R A -520%04
220%9) & BYm, 2 249 23 A
S -062%14 +332%9 W9 BEeAE n
Ach. T 239 1AL A4F 39 04 F 83
(88.9%)°l X £30% olWle] 24& By 19
< +332%9 238 RHAY 5H(E56%)AME

£10% o) 238 BT
A3 Spzdol A3 198 AR,

29 EAL AYA 42 A -1080% W
+346%° A& HAom, ERAHo LFHA
2E 199 348 AYsdd 2% -1080%H A

-213%9 2@ 29d 1199 #4 F 108
dMe Z 2H9 HAo]l 27HUD, BAHL A
P A4 -055%0H +350%9) 2AE R
1039 &4 F 978(81.8%)NA +30% olug
2 AE, 6B(B46%)AME £1.0% ol oxE
BAY & 239 2734 RAL NPT Fo
& U499 88 254 %&gi}: +5.0%
MM ool xgsglon], Jukn Zutzalel
o dd%E Fig. 11 2 Fig. 128 2t} oA 8
A 9 %‘A}ﬁéx}ﬂ Wao] el Axo AolE=
Jou Fuhwiol gElF Zo @ BEFFA9

BAol 2a%s Bdd 4 YU
a
TGS gRAY AL 3 43 AEs
2 39 28 39 Uz o9 AEE YA
£ 5% 2 BUGEAR PAAAR So| 72

Ng53 9o iFge 1 WE T
FA2 AARLE 05dE dd Howg o

o] 3x7F B} Hog z%;]tq Q}H%ook 3
A 5 o 50%/F ¥ AF F PAAAEE
gag OHI g dx FudAde dd o
20000 B EA7b 42709 WHAA % 70de
HAMA 27571718 ol &3t AR E Al
By oy vy 10%9 57 FAE Rejxn 9}
5]

YAAX E ol A5 TS dsMe W
Abdo] FFFHA A ZAlEH oo st £
TG =edte WA Fo] Aot 1
U AAle gz g gojde dge x4t
wAste, AAl @A ALY WA Fo] oF
15%744 22E vdede 44x 2uda Qv
(6]. ool XA @alo] zALg WA ] #lo]
a3y oz PPEo] AEHAYL Voordecker
T2 A FANE ALY in vivo RS
Algste 650319 &4 F 239 2 2 7E ¥4
g £ JdNx, XY XNEE EAT + AN
[7]. ©121 g in vivo 5439 F&40] JAH o
7] W d% 47 A A59 HFAY AS
%3 B Y22 xEHE 397 289l

Q1 Ao} ALY wWAAeke] #9L 3 wiyo
e AAZ A WFd HANTZ EAIAE
Adste AFAA Bgo] ded o A% F
A7 28 AgE 30 WA 403 ol HA
fd AlPEE B AA2 HEse A
2 A9 E7MEEu1011). o) d ©HY RS
8] &zl o AE A #xig A YR
ZAE YRS 4 A shsd v AEHY
wo] a7

Tn vivo WAA %zg AN A9 B] %
Moz 4PN TN
ol gor or v
Add. Millwater 52 W2H 37| E
44 84 Az A9 YFEYH THBY
A ZAe NEHQEY, AFRFE 2% o
2z 7t} HF 04%9 X E BYn EFAF
o 30%9) BAA 5% ol exE BATh
ojgldt A3 Y. & T F Yol FEF
o] EHMFPo) 5% oj49 oA4E AL oy
sohxn 8 tHi2l. Adeyemi 58 fFoAE A
A BA9 5%M BdZAlokA 5% o]de
248 BEY13] oly3 —’5‘-":}-‘?—#91 2R
o} e dAFS X5 HHd Jgs v
1 g9 RFLAr & gL -’Hﬂﬂ“i %
4o A8E A% ojyd X589 g £}
7} 13 x¥o] B3t} Noel 55 ¥MEA f—é

A
o
:.'L
tlo rir o%



29

71E ol gdtd TR FyMAF FAHG A
T3 Q1 o5 o] &3 "JX‘.LHQI zZy A7
Zolo] g AFE AN £+ e 4S 7H +a}
Aok AdA Y exE 2% ol Wz
FAHRL o] & o] &3 7519W Y FaojA A}y
& in vivo AF&A 4 79319 2271 wAetg
2 olF 50% oA 10% ol A7t LA
SEY. B8 B¥2A A A A =
A FAY Agte] wel FTARMI ol w4
g+ dde Ae 5}?_‘3}‘}5{5}[14] Miszezyk 5
o -J_Oh ARG A9 AS d7MF, &
T, AR AR ‘*JJE ZA3% A7
20319 A7 Folv ZARSY R Highol
Zrolx . olof odte] {3 FMFe =z}
BT By oled 23S Foju HAE
& X359 AE FAE A8ty o) AAHE A
el AAZ =g3E A3 Flo] 9 7HY
t}H15].

BAMA R FA e o]2F, wrsd A7)
TLD, film %o} o]&Hn, dx9 & Al 9
9 ol F ol wHEAt 74 wol o]
CHR e A2 Yey ledfie] 53 od
THY BEA FAHVNE ol &3 FAA dTA
ZF E7A% 2 FUE AFS S5 ol
U dAAde 4Fa%e File A7 2 ¢nd
Fol BATH17-251. TLDE ol&3 =32 Ay
F ARAzA Y ALY in vivo AFZ A o)
’\}%El 1[26] ™, —‘f—%% S = TfH 249
T gy AggAn Zﬂ@"“l 2o dAde Ad
t27).  ol9el portal film AlA®[28]o)L}
radiochromic film[29]& ©] &% AFTELT A
Ak vlwA RBiabo] kA TLD AlA9g o §
3 4P A9 7MY & 2% 239 W
AdlM A °l b8 AtH30l. MOSFET (metal
oxide semiconductor field-effect transistor) =73
718 o] &% QT 2 EFAFY A AS
mid-plane Zol% &3 FAUAZFL U7 FuA
Fog Ye g3 4844 dE9 mid-plane 2
ojo] A#E FAY AF ol2¥S o & A
3 A4 2% ollle 2318 BAG(31].

o

m

FRATE ZPs] FFABE AdaE 2
MoZE o]2e olgat & A7 Wy 9

o EPID {electronic portal image device)E ©o|&
s Wiol dd Wil A$  liguid-filled
EPIDi 249} ok 50 cm ojAY FolA AN

2ol convolution model[32]c]2tE 387
ox EME AFgsid 44AE A "o,

13 ml

F AR Ag 8 A in vivo AFSHN2EY g4 E 47

Boellarrd 5& EPIDE o] &3} =43
Aoz AT A9 vaA 98
3 AHEEE HHdA F29 AFA AH
o2 WALM S ZAIE A4 12% oWl (1 SD o
W), wedgeE *}%3} Y B BEFA HEAY
PAARE ZAMS S 1.7% (1 SD o9 23
2 BRAgs & ’7‘ F A2 meEA ol
HEER ojAgH ‘l‘-”}}x‘jaa 3% ¢ dgn
391 tH33-37]. =8 Kroonwik (1998)5& ZA
¥ PDIs (portal dose images)®t <& ¥ PDIsE
Bl dte] WR7jTHe] EFE Yold #F Udx

s TH38).

g AT5e wHez ¥ RAdME A3
zxe WYA ¥ ARAG B B2
sg A BAE Ede THITE FASE

g o83 AFSA AN28H FRAZRE o
g3 B AFE FFAHE nHEFS
W25t Ath. phantom A8 & T A 2ge ¢A
A2 dauE FFEe FAsA3], o -
3 ATE uigtez #AAAE A9 Aladw ¢
algorithm®} F8/4¢ #<lo] a7 & A7 E
AN&EA HAd B 75 §3 & A2d] &

Ao} A8 Ao ol gl ¥rtE BAE 2y
BE A% FJd3fz, a9 ABATERY 1<

3 o 32 A% dojAE AT 2 F sl A
gyl datelt 9F A7 WHol
9%z 27 982 HAE + St Ta @

el Azol ol FHAL) AR AZA
27l 273 249 AL AP A ol

3% olule} BHel X3l Hx, 2&2}9} 23
AR wHol 23¢9 WHE ARI}E FL &
Jdoz HAHUY. wmety FHA F2 EA
st Bvd z39 A % o8 FA @
A8 FRE A& F Y& CT 984 & A2
dol Hgddd F o AT dA5A9 ool
Jhestels Azan

anel 2
¥ AF: BAVAY AS/EARTUNE
ARAe) Aol e} Foln A (HMP
93-G-1-031-A)
FaEY

L $52, 948 ‘oA BAHIAZE online
NBEAN2YE 9B ARYFA AL, 9P



10.

AR RBeR

uhal A vtol 8181 7) 22(3), 207-218(1997).
“zol 1) PANAEL in vivo A

2
2 ¢ FA09 A gad

l

T, 6}"33&, “—'7'4’3 22
o] &% on-line ﬁ%*%’ﬁ‘)ﬂ'ﬂ B7dz79
gig AF BA, ddgapdutel g,
23(3), 135-147(1998).

FM. Kahn, The Physics of Radiation
Therapy, 2nd ed, Willilams & Wilkins,
Baltimore(1994).
Avlg, 548, 237 5. T gdd A
Axged I8 Fz2 8%, AN F R
3]z}, 17(2), 172-178(1999).

MM. Ure, M. Goitein, K. Doppke, JG.
Kutcher, T. LoSasso, R. Mohen, JE.
Munzenrider, M. Sontag, JW. Wang, “The
role of uncertainty analysis in treatment
planning”, Int J Radiat Oncol Biol Phys.,
21(1), 91-107(1991).

M. Voordeckers, H. Goossens, J. Rutten w.

: E27% FBI%K 2002

11.

12.

13,

14.

15.

16.

Van den Bergaert, “The implementation of

in vivo dosimetry in a small radiotherapy
department”,  Radiother 47(1),
45-48(1998).

G. Van Tienhoven, B.J. Mijnheer, H.
Bartelink, D.G. Gonzalez, “Quality assurance
of the EORTC Trial 22881/10882: boost
versus ne boost in breast conserving
therapy. An overview”, Strahlenther Onkol.,
173(4), 201-207(1997).

L. Cozzi, A. Fogliata-Cozzi, “Quality
assurance in radiation oncology. A study of
feasibility and impact on action levels of an
in vivo dosimetry program during breast
cancer irradiation”, Radiother Oncol, 47(1),
29-36(1998).

M. Essers, JH. vLansOn,‘ B.J. Minjunheer, “In
vivo dosimetry during conformal therapy for
Radiother Oncol, 29(2),

Oncol.,

prostate cancer”,
271-279(1993).

17.

18.

19.

20.

21

S. Heukelom, JH. Lanson, B.J. Mijinheer,
“In vivo dosimetry during pelvic treatment”,

Radiother Oncol,, 25(2), 111-120(1992).

C.]J. Millwater, A.S. MacLeod, DI Thwaites,
“In vivo semiconductor dosimetry as part of

routine quality assurance”, Br ] Radiol,
71(846), 661-668(1998).
A. Adeyemi, J. Lord, “An “audit of

radiotherapy patient doses measured with in
vivo semiconductor detectors”, Br-J Radiol,
70(832), 399-408(1997).
A. Noel, P. Aletti, P. Bey, L. Malissard,
“Detection of errors in individual patients in
radiotherapy by systemic in vivo dosimetry”,
Radiother Oncol,, 34(2), 144-151(1995).
L. Miszczyk, J. Wydmanski, “Evaluation od
delivered dose changes during radiation
therapy”, Acta Oncol., 33(12), 197-201(1999).
CR. Edwards, PJ
Mountford, P. Rolfe, “A survey of current in
vivo radiotherapy dosimetry practice”, Br J
Radiol.,, 70(832), 299-302(1997).
R. Alecu, ].J. Feldmeier, M. Alecu,
perturbations due to in vivo dosimetry with
diodes”, Radiother Oncol., 42(3), 289-291(1997).
R. Alecuy, M. Alecu, T.G. Ochran, “A method
to improve the effectiveness of diode in
vivo dosimetry”, Med Phys., 25(5), 746-749
(1998).
R. Alecy, M. Alecuy, “In vive rectal dose
measurements  with  diodes
misadministration during intracavitary high
dose rate brachytherapy for carcinoma of
cervix”, Med Phys., 26(5), 768-770(1999).
R.J. Meiler, MB. Podgorsak, “Characterization
of the response
detectors used for in vivo dosimetry”, Med
Dosim., 22(1), 31-37(1997).
M. Ribas, N. Jommet, T. Eudaldo, D. Carabante,
MA. Duch, M. Ginjaume, G. Gomez de
Segura, “Midplane dose determination during

MH. Grieveson,

“Dose

to avoid

of commercial diode



24.

2.

26.

28.

W A s BA A in vivo AFSAAN2EY J2AE

total body irradiation using in vivo dosimetry”,
Radiother Oncol., 49(1), 91-98(1998).

. CB. Saw, ]. Shi, DH, Hussey, “Energy

dependence of a new solid state diode for
low energy photon beam dosimetry”, Med
Dosim., 23(2), 95-97(1998).

R. Sjogren, M. Karlsson, “Influence of
electron contamination on vivo surface
dosimetry for high-energy photon beams’,
Med Phys., 25(6), 916-921(1998).

DM. Frye, SN. Rustgi, “Diode verification
of routine electron-beam treatments”, Med
Dosim., 24(1), 43-48(1999).

S. Howlett, L Duggan, S. Bazley, T. Kron,
“Selective in vivo dosimetry in radiotherapy
using P-type diodes: a
reliable quality assurance procedure”, Med
Dosim., 24(1), 53-56(1999).

JA. Antolak, JH. Cundiff, CS. Ha,
“Utilization of thermoluminescent dosimetry
in total skin electron beam radiotherapy of
mycosis fungoides”, Int J Radiat Oncol Biol
Phys., 40(1), 101-108(1998).

semiconductor

. T. Loncol, J.L. Greffe, S. Vynckier, P. Salliet,

“Entrance and exit dose measurements with

semiconductors and

thermoluminescent
dosimeters: a comparison of methods and in vivo
results”, Radiother Oncol., 41(2), 179-187(19%).

M. Stasi, V. Casanova Borca, C. Fiorino,
“Measurements of exit dose profiles in 60Co
beams with a conventional portal film

system”, Br J Radiol., 70(840), 1283-1287(1997).

. LE. Reinstein, GR. Gluckman, HI. Amols,

“Predicting optical densitometer response as
a function of light source characteristics for
radiochromic film dosimetry”, Med Phys,
24(12), 1935~1942(1997).

. HM. Ferguson, G.D. Lambert, RM. Harmison,

“Automatized TLD system for tumor dose
estimation from exit dose measurements in
external bearn radiotherapy”, Int J Radiat Oncol

31

32.

33.

36.

37.

49

Bivt Phys., 38(4), 899-905(1997).

P. Scalchi, P. Francescon, “Calibration of a
MOSFET detection system for 6 MV in
vivo dosimetry”, Int ] Radiat Oncol Biol
Phys., 40(4), 987-993(1998).

TR. McNutt, TR. Mackie, P. Reckwert,
BR. Paliwal, “Calculation of portal dose
using the convolution/ superposition method”,
Med Phys., 23(8), 527-535(1996).

R. Boellaard, M. Herk, B.J.Mijnheer, “The
dose-response relationships of a liquid-filled
electronic portal image device”, Med Phys.,
23(9), 1601-1611(1996).

. R. Boellaard, M. Herk, B.J. Mijnheer, “A

convolution model to convert transmission
dose images to exit dose distributions”, Med
Phys., 24(2), 189-199(1997).

R. Boellaard, M. Essers, M. Herk, H.
Uiterwaal, B. Mijnheer, “A new method to
obtain the midplane dose using portal in
vivo dosimetry”, Int J Radiat Oncol Biol
Phys. 41(2), 465-474(1998).

KL. Pasma, M. Kroonwijk, J.C. de Boer,
A.G. Visser, B.J. Heijmen, “Accurate portal
dose measurement with a fluoroscopic

electronic portal image device (EPID) for
open and wedged beams and dynamic
multileaf collimation”, Phys Med Biol., 43(8),
2047-2060(1998).

M. Essers, R. Boellaard, M, van Herk, JH.
Lanson, B. Mijnheer, “Transmission dosimetry
with a liquid-filled electronic portal imaging
device”, Int J Radiat Oncol Biol Phys., 34(4),
931-941(1996).

. M. Kroonwijk, KL. Pasma, S. Quint, P.C.

Koper, A.G. Visser, B.J. Heijmen, “In vivo
dosimetry for prostate cancer patients using
an electronic portal imaging device (EPID):
demonstration of internal organ motion”,
Radiother Oncol., 49(2), 125-132(1998).



