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Objective * The objectives of this research are to study the characteristics
of Gafchromic™ EBT film for 6 MV x-ray beams and to verify
isodose distribution of advanced radiation treatment techniques.

Study design * Observational descriptive study.

Setting : Division of Therapeutic Radiology and Oncology, Department of
Radiology, Faculty of Medicine, Chulalongkorn University.

Materials and Methods : The characteristics of Epson perfection V700 flat-bed color
CCD were observed for the response, the repeatability,
the reproducibility and color band. The characteristics of
Gafchromic™ EBT film were studied for speed of film development,
polarization, uniformity, field size and dose rate effects.
The percentage depth dose and beam profile were measured
and compared with the data from 0.13 CC ionization chamber.
The comparisons of fluence map in intensity modulated
radiotherapy (IMRT) plans measured by film and calculated by
Eclipse treatment planning were observed in two nasopharynx
cancers and one brain tumor.

Results ¢ Responses of Epson perfection V700 flat-bed color CCD in term
of pixel value and net optical density showed polynomial curve.
The variations of scanner reproducibility and repeatability were
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within 1.0 and 1.1%, respectively. The Gafchromic™ EBT film
was best evaluated in the red channel of the Epson perfection
V700 scanner. The optical density growths with time seem to
stabilize after 4 hours. The effect of EBT film polarization at 90°
and 270°, with 50 cGy delivered dose was up to 24% difference
of optical density when compared with orientation at 0°.
The variation of EBT film uniformity was 7 % at 400 cGy. Slightly
deviation from the ionization chamber measurement for output
factor for small field size and no dose rate dependence were
observed for the range of dose rate study. The difference of
percentage depth doses at 5 cm depth between EBT film and
CC13 ionization chamber were less for all field sizes study.
The deviation of beam profile between EBT film and CC13
ionization chamber was presented at the region of off-axis and
high dose gradient. The fluence map of IMRT plans measured
by Gafchromic™ EBT and calculated by Eclipse planning
system of two nasopharynx cancers and one brain tumor were
compared with the criteria of 3% dose difference and 3 mm
distance to agreement. The two plans showed over 90% passed
but one plan was below 90%.

Conclusion : The characteristics of scanner should be observed before
examining the characteristics of Gafchromic™ EBT film. The
characteristics of film such as the speed of film development,
polarization effect and uniformity are very important because of
the stability time of net optical density and the direction of non-
polarization effect should be selected. The uniformity of film is
affected to dose distribution verification, it should be corrected
before scanning the film. Then, the Gafchromic™ EBT films can
be used to verify isodose distribution of advanced radiation

treatment techniques.

Keywords : Gafchromic™ EBT film, Radiochromic film, Intensity modulation
radiotherapy (IMRT), Dosimetric verification.

Reprint request: Suriyapee S, Division of Therapeutic Radiology and Oncology, Department
of Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok
10330, Thailand. E-mail: ssivalee@yahoo.com

Received for publication. June 5, 2010.



= wa g o . T™M o '11 o v o
Vol. 55 No. 3 msﬂnummmwmaaﬂawnum Gafchromic™ EBT Lwa‘l‘u UN15AIAFaVUIHINTIT

May - June 2011

waé’ﬂﬂmauwé’amuga

209

InaUseaIn

L]

A1588NLUUNITANY

q01UN

NANTISANEI

UsLuAIS 9A98N, ADA q%mﬂ, U LHILWISITH, F5954 qmﬁﬁ%, WUNIT DULLEY.
msﬁnmqmaa«ﬁ'ﬁwaaﬂaamﬁm Gafchromic™ EBT Lialalun1snsrasaudsuasedoas

A IWREUNAIITUEI. IRIAINTULIYATS 2554 W.A. — §i.8.; 55(3): 207 - 19

n2Anmd T3 ssasn it edAnmn manTAyeeita usie
Gafchromic ;'u EBT zv“wi”uzv"f)Mm@uwﬁwﬂu@mszv/@ﬁ@mm@
A9UN19NILAEUTUIUTIATOIA WA UNA I TG paimailn
MssneiduTey

nsAne lagasn s dunmaans a0
ANNNENHMATNATIMET NIATTINEINE ALISUINEAART
MAINININNIINENE)

‘Vfﬁm?ﬁﬂﬂﬁﬁﬁ@mﬁﬂwmwmm?@\? Scanner fidl‘?/;@ Epson perfection
V700 uaz Aaniia Gafchromic g‘u EBT N3ANSIAMANHUZ T8N
1A389 Scanner Usznaumae n1sAeLANEITEdIATEY Scanner
ANa30 g AarwaNnsalunv Iua uay nismey
ZVUEJ"ZIEJ?IQGWVQLJQU’)MLLZWZ? zv“vwﬁunﬁiﬁnmamﬁnymmmﬁ@

1

1s£naUAE 19A1989A1AINITNEAIT Polarization effect
PIANANTIAIAINUINA HAVBNTUIATEIENTIF LA HATEN
SR BuF n175Am Percentage depth dose WA Beam
profile o Beiieusuaaiiiaainnisinlag lonization chamber
2178 0.13 AL.TN. NITUFeUNguNITNTEa1889LFuI9E
Ine/la Fluence map 73nlaanAausunissuaninInazads
1FunnuiaAnasiATamanialmes (Eclipse treatment planning)
ﬁ;/fJEILLNumﬁnyﬁ 3 Uau A Nasopharynx cancer 2 WHUN17N137
Ua Brain tumor 1 WNUNI75N17

nwﬁnmama‘“nym‘mmm?‘m Scanner WLINIABLAUENYD
1A%89 Scanner IntimauANUETEIN AIANITA LAY AMAIY
iuAdansazTuaulaouy Polynomial TN
Ao maNn3a lun1avia ez ving @g/:ms/”lu 1.0% waz 1.1%
BINNAAL %ém”zyfyvmumﬁum”l?/;/ﬂlvn')m@uﬁum@qﬁ@m nsANI
@mzv”nymwmﬁ@ WLI9IANTBIAIAIINITNAAGT 1reunns 4

T lNNUAIAINNI1TAENE NANTENLUAN Polarization AZAANIN




210 USLHAIT 9FADN LAZAMY Chula Med J

[l [l
I~ e~

ngail 90° uag 270° WeulFauiiguiuyn 0° a9A uazFunns
o o ~ ¥ " a o o 7 = o o
FFunazdnansenuuesnilTurnfaduey IngtFu0sea
50 cGy ANANTENLUANTUIN 24% A nuilsisauaeda1mann

o _ < o~ = o o

ANNANDIDIANNLINE 1BIANANTAININGN 7% AIMFUNIT
18fAAELTUI 400 cGy n1sTaTAnIEAaN WU1IAAITN
WANANAINNITIANIE lonization chamber WANUBLRYUIARNTIA
wAY INTUALERLFN0u59E IuT991898 AT LTSI AN =
ANUANANAUIANNITIA Percentage depth dose &UINNAN
iU lonization chamber (CC13) WUIAAIAINUANANITUUBE
AT ENIULYEY Beam profile seuaNNAaN 1L lonization
chamber (CC13) WU UAATUALFIId Off-axis WAZLTIIUNT
msulAauutlasFunnsadge dmsunisulfauditunisnszans
ye91/5u10us9A Inerls Fluence map wazlminmumyedaiaang
UANANTBNLENIUWTA 3% WAL ANUANANIENTZEENN 3 NA.
WU2T 2 UNLNITINE waadANlaniFuRN AN 90% wAan
1 ukUNIISNELAANA L BT UANULBENIT 90%

a3u : N9ANSIAMIANHUEIBNIATEY Scanner A uniazLJiTy
o o ! o o = o - !
BUAUUTNNOUA A INIANBIAUANHUSIONAAN 71 EBT

dl F4 1 b2 - d’ . .
TN17eNAUAILIIAIYANAIANNITNAAIN Polarization effect LA

]
=

ANANNANDANUINFIONAAN  1T1899INAITIABNTINIAT
NNZANT A TUNITUINANNIDIUAIANNIINE UASTIANINTEY
M7 Scan [AEMANIAENNANIENLYENAT Polarization liuesiigs
o » ' i v - ' <

AMTUAIMIINANUANEAINIINATDINAN §1 EBTUAZIATEY
Scanner §u4 Epson perfection V700 auiluaaavIn1s4nAIA9IN
wilsirauaevdyonel  1HeNeINAZANNANTSNLNINABNIT
ATIRABLNIINIZANETIANLTNIUTIAN TRl A nnI19AnEIA
AnwUsIaNNANTHA Gafchromic 31 EBT wua1a1u17almiilu

& A ! o o o o = o
imseadelun  amsuanWneundsaiugunan azasiaaaL

o =% = oo ¥ ¥
1‘7’7j‘ﬂ5‘3,’@’7EII/?1/’)EMN@@QE/LWF)HF)WHU%@M’Zﬁ

AEA T : Wan Gafchromic™ EBT, Wan Radiochromic, Intensity

modulation radiotherapy (IMRT), N17A7IAA0LLFNIUTIA.




Vol. 55 No. 3
May - June 2011

Nowadays, technologies of radiation
treatment techniques have been developed to treat
patient efficiency. The advanced techniques such as
Intensity Modulated Radiotherapy (IMRT) require
steep dose gradient by varying intensity of a number
of small beam, the result is the conformal dose
distribution to the irregular tumor and lower dose to
healthy normal tissue.” The complexity of beam
delivery makes it necessary to verify the consistency
of the delivered dose and the calculated dose from
treatment planning system.”

The delivered dose distributions from IMRT
are difficult to verify with ion chamber because of the
sharp dose gradient. The Gafchromic™ EBT film
(International Specialty Products, Wayne, NJ, USA.)
is introduced to verify the 2D dose distribution in this
advanced technique. The Gafchromic™ EBT film is
very attractive due to self development, high spatial
resolution, and insensitive to visible light, minor energy
dependence, and near tissue-equivalence.”

The implementation of radiochromic film for
dose verification in IMRT need special attention of
film and the scanner for the readout of film, i.e the
Gafchromic™ EBT films need to be calibrated in dose
response and corrected for pixel value and spatial
dependent non-uniformity caused by light scattering.
Menegotti et al.”’ demonstrated a method for a fast
and accurate calibration and uniformity correction for
radiochromic film with flat-bed scanner. Schmidtlein
etal.” presented a measurement protocol to improve
the precision of dose measurement using a flat-bed
scanner with Gafchromic™ HS and prototype A EBT
film. Ziedan et al.®’ presented Gafchromic™ EBT film
for IMRTdose verification using flat-bed color CCD

scanner, the dose response showed the agreement
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of Gafchromic™ EBT film to ion chamber scan in water
for the depth dose and dose profiles. The effect of
Gafchromic™ EBT film polarization with delivered dose
and film scan orientation was shown to have a
significant effect on the scanner optical density read
out. Sankar et al.”’ compared Gafchromic™ EBT film
with Kodak extended dose rang 2 (EDR2) film. There
was a variation up to 8.5% in the film uniformity over
its sensitive region. The EDR2 film showed consistent
result with the calculated doses, where as the result
obtained using EBT were comparable with the result
of EDR2 only when the IMRT of small field were used.

This study aims to investigate the
characteristics of Gafchromic™ EBT film and the
Epson flat-bed scanner for dosimetric verification of 6
MV photon beams and to verify isodose distribution

of IMRT treatment techniques.

Materials and Methods

The 6 MV x-ray beam from Clinac 21EX
(Varian Medical System, Palo Alto, CF, USA.) was used
in this study. The 20 x 25 cm” Gafchromic™ EBT film
was employed. The Image J and MapCHECK version
3.05.02 software (Sun Nuclear Corp., Melbourne,
FI, USA.) were the tool for evaluation. The Epson
Perfection V700 flat-bed scanner was warming up by
continuous scanning at least five times without a film

before scanning the Gafchromic™ EBT film.

A. Characteristics of flat-bed color scanner

The scanner employed a fluorescent light
source with a broadband emission spectrum. The film
with standard step wedge pattern of varying optical
density was scanned by using 75 dpi spatial resolution

and 48 bit-depth for scanner. The measured pixel
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values and net optical density of each step of
standard step wedge film pattern were plotted to
observe the response relationship. The standard step
wedge film pattern was scanned with one band
of 1.55 optical density for five days, ten times
continuously each day for reproducibility and
repeatability verification. Then, the graph for each day
was plotted between the net optical density (reading
measurement — reading background) and the scan
number. The net optical density responses of scanner
from red, green and blue color channels were

observed for the irradiation of 10 to 700 cGy.

B. Characteristics of Gafchromic™ EBT films

The films were cut into 3 x 3 cm” size for
characteristic study that consisted of speed of film
development, field sizes, dose rate effects and finally
sensitometric curve was plotted. The Gafchromic™
EBT films were placed horizontally inside virtual water
phantom at 1.5 cm depth with 20 cm back scatter
material. The films were irradiated to dose of 10 - 700
cGy with 6 MV photon beam. The films of 20 x 25 cm®
at 5 cm in virtual water phantom were irradiated
with 50 - 400 cQGy for film uniformity and polarization
effect. The irradiated films were analyzed by

MapCHECK and Image J software.

C. Percentage depth dose and beam profile

The Gafchromic™ EBT films of 20 x 25 cm®
size were placed parallel to the beam axis inside
virtual water phantom at 100 cm source skin distance.
The edges of films were aligned at the edge of
phantom. The films were exposed for field sizes of
2x2cm’, 6x6cm’and 10 x 10 cm’, respectively. As

for the percentage depth dose, the films were

Chula Med J

scanned vertically at the central axis from 0 to 15 cm
depth while the films were scanned cross-line axis
at 5 cm depth to obtain the beam profiles. The films
were analyzed by MapCHECK software. The data
were compared to the percentage depth dose and
beam profile measured by CC13 lonization chamber

in water phantom.

D. Dose verification analysis

Three IMRT complex plans of two
nasopharynx cancers and one brain tumor for 6 MV
photon beams calculated by Eclipse treatment
planning system version 7.3.10 (Varian Medical
System, Palo Alto,CF, USA.) were verified with the
measurement by the Gafchromic™ EBT films. The
films were placed horizontally at 5 cm depth inside
the virtual water phantom of 100 cm source axis
distance. The Gafchromic™ EBT films were irradiated
for composite field with gantry, collimator and couch
of 0° degree. The irradiated films were scanned
24 hours after the exposure. The dose calculations
were loaded into the software for comparison. Then,
the responses of EBT films and dose calculations were
analyzed with MapCHECK software. The percent
passed of IMRT was analyzed by Gamma index"”’

which accepted at 3% dose difference and 3 mm

distance to agreement.

Results
A. Characteristics of flat-bed color scanner

The relation between net optical density and
pixel value of standard step wedge film pattern in Fig.1
shows the polynomial response. The variation for ten
times repeated reading was within 1.1% and for five

days reproducibility was within 1.0%. The response
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showed the trend of lower value for the higher scan
number. The red channel of scanner demonstrated
highly sensitive response than green and blue
channels, so the red channel was selected in this

study.
B. Characteristics of Gafchromic™ EBT films

1. Stability of film development

The stability of Gafchromic™ EBT film
development in Fig.2 was about 4 hours after
irradiation. The net optical densities ratio at different
time (t) and time t of 50, 100, 200 and 400 cGy were
increased up to 7.1%, 6.4%, 6.2% and 4.9%,

respectively, during 0 to 9 hours after irradiation.

2. Polarization effect

The response due to film orientation is shown
in Fig.3. The polarization effect of Gafchromic™
EBT film was demonstrated at 90°, 270° degree
film orientations. There was no effect at 0°, 180°
and 180°-flip orientation. The low response of

Gafchromic™ EBT film polarizations depended on the
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amount of doses; low doses were more effective
than higher doses. The effect of polarization made
the variation due to dose dependence of about 5%

for 400 cGy and 24% for 50 cQGy.

3. Uniformity

The non-uniformity of pixel value gave the
difference between the response at the edge and the
center of the film about 7%, at 400 cGy for 18 x18
cm’ region of interest (ROI) which is shown in Fig. 4.
This effect was due to the non-uniformity of both
Gafchromic™ EBT film and Epson Perfection V700
scanner. The smaller dose presented less non-

uniformity effect than higher dose.

4. Field sizes effect

Variation of output factors compared with
ionization chamber measurement for 2 x 2 cm® to
25 x 25 cm” field size is shown in Fig.5. The maximum
of percentage difference between Gafchromic™ EBT
film and CC13 ionization measurements was 2.01%,
it occurred at small field size and was comparable for

field size larger than 10 x 10 cm”.

MNet Optical Density

Figure 1. Responses of Epson Perfection V700 scanner.
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Figure 2. The stability of Gafchromic™ EBT film development for the interval of 9 hours after irradiation.

1.05
1.00

9 095

T 090 : _

g oss | N \ /  ——s0cGy

E 0.80 L \ / \ / —8— 100 cgy
0.75 v Y 200 cGy
u.:rn--.. IRV T ..“,.._4.{}“,“53‘“:

4 90 150 270 180-flip

Film Orientation
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Figure 4. The non-uniformity of Gafchromic™ EBT film at various doses of 50, 100, 200, and 400 cGy.
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Figure 5. Output factors of 6 MV photon beams obtained by Gafchromic™ EBT film and CC13 lonization chamber at

1.5 cm depth, 100 cm SSD.

5. Dose rate effect

The relative response of Gafchromic™ EBT
film due to dose rates of 208.33 to 468.75 cGy/min
normalized to 300 cGy /min showed the maximum
variation about 0.3% for real time measurement and

1.0% for 24 hours after irradiated EBT film.

6. The sensitometric curve of Gafchromic™ EBT film

The sensitometric curve which is illustrated
in Fig.6 was plotted between net optical densities and
doses. It was shown as a third-order polynomial fitted

curve. The curve changed less at doses larger than

400 cGy at net optical about 0.42 so the suitable dose
range using for IMRT dose verification should not be

greater than 400 cGy.

C. Percentage depth dose and beam profile

The central axis depth dose of 10 x 10 cm?
standard field size measured by films and ionization
chamber and the difference between two methods
are presented in Fig.7. The difference between two
methods of measurements at 5 cm depth were 3.11%,
0.64% and 1.12% for 2 x 2 cm?, 6 x 6 cm”and 10 x 10

cm’ field size, respectively.
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Figure 6. The sensitometric curve of Gafchromic™ EBT film at dose of 50 — 700 cGy for 10 x 10 cm® field size at

1.5 cm depth.
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Figure 7. Comparison of percentage depth dose studied by Gafchromic™ EBT film and CC13 lonization chamber for

10 x 10 cm? field size.

The beam profiles of Gafchromic™ EBT film
and CC13 ionization which are shown in Fig. 8
agreed at central axis region but differed at the high
dose gradient and penumbra region. The film
contributed sharper dose fall off than CC13 ionization

chamber due to high resolution of film.

D. Dose verification analysis
The comparison of fluence map between
Gafchromic™ EBT film and calculated by Eclipse

treatment planning for 3 plans is shown in Fig. 9.

The agreement of two methods dose distributions was
evaluated with gamma index which the evaluation
value should not be excess than1 for 3% dose
difference and 3 mm of distance to agreement. In
this study, two IMRT plans of a nasopharynx cancer
showed 82.5% and 90.6% passed for plan one and
plan two, respectively. The IMRT plan of a brain tumor
showed 97.8% passed. The values of percentage of
failure occurred at high dose gradient region because
the high resolution of EBT film can detect dose

distribution better than computed calculation.
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Figure 8. Comparison of beam profile obtained by Gafchromic™ EBT film and CC13 lonization chamber for

10 x 10 cm” of field size at 5 cm depth.
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¢) Brain tumor plan 3 (composite beams of 7 fields for 6 MV photon beam).

Figure 9. The verification of dose map between Eclipse treatment planning calculation and Gafchromic™ EBT film

measurement of two nasopharynx cancers and one brain tumor of plan number 1, 2 and 3 for 6 MV
photon beam.

(I) Fluence map from a Gafchromic™ EBT film measurement
() Fluence map from Eclipse treatment planning calculation

(1) A comparison of fluence map in term of gamma index, dots represented the failure of dose and distance

to agreement

(IV) A comparison of beam profile
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Discussion and Conclusion

The factors influence scanner response
should be examined by reading response,
repeatability and reproducibility before studying the
characteristics of Gafchromic™ EBT film. The warm
up of scanner was performed by pre-scan without a
film at least 5 times before scanning EBT filmto get
the stability of reading.®® This was due to the reading
response, repeatability and reproducibility of scanner
were depending on the temperature stability. The
repeatability of Epson Perfection V700 flat-bed
scanner was within 1.1% which quite agreed with Van
Battum LJ et al."” who reported 0.5% for Epson 1680
Expression Pro transmission flat-bed scanner. The
variation of reproducibility was within 1.0% for five
days reading corresponded to Van Battum LJ et al.""”
who found 0.3% - 0.5%. Zeidan OA et al.®”’ reported
3% of scanner reproducibility using Microtek
ScanMaker i900. The red channel of a tagged image
file format (TIFF) was the highest sensitivity which

891113 The optimized

agreed with several literatures.'
stability of film development time was about 4 hours
after irradiation which increasing 7%, after that it was
increased about 1.7%. The speed of Gafchromic™
EBT film development was varied with various doses
which the lower doses presented more change of net
optical density than higher doses. Our work agreed
with Sankar A, et al."”” who found that the percentage
of density growth varied with the dose. The direction
of scan was very important because the polarization
effect will be affected on signal measurement which
can reduce the signal up to 50%. The non-uniformity
of the Gafchromic™ EBT film and Epson Perfection

V700 scanner was about 7% for 400 cGy which the

far off-axis presented lower pixel value than the area

Chula Med J

near the central axis. The effect of non-uniformity
occurred due to the light scatter of lamp scanner was
interactive with active layer of film at the central axis
more than off-axis. Thus, the signal measurement at
the area of the central axis was higher than off-axis.
This study agreed with Ferreira BC, et al.?’ and
Menegotti L, et al.”’ who reported that the non-
uniformity of EBT film and scanner were 6% and 9%
for Epson Expression 10000 XL and Epson
Perfection V750, respectively. The difference of output
factor (field size factor) between Gafchromic™ EBT
film and CC13 ionization chamber measurement was
within 2% for field sizes of 2 x 2 cm’ to 25 x 25 cm’
which was higher than Van Battum L J et al."” who
reported 0.2% of the variation of filed size factor from
the ion chamber for field sizes of 4 x 4 cm’ to 30 x 30
cm’. The dose rate effect of the Gafchromic™ EBT
film was less than 1% which agreed with the report
of Rink" who showed about 1% dose rate effect. The
sensitometric curve showed as a third-order
polynomial fitted curve. The Gafchromic™ EBT film
revealed the narrow net optical density range of 0.00
to 0.42 for dose 0 cGy to 400 cGy, contrast to Sankar
A, et al."” who reported OD range of 0.42-1.02. In this
study, the suitable dose range of EBT film should
not be greater than 400 cGy. The difference of
percentage depth dose between Gafchromic™ EBT
film and CC13 ionization chamber was about 1% at
5 cm depth for 10 x 10 cm? field size study. The
discrepancy of beam profile between Gafchromic™
EBT film and CC13 ionization chamber was presented
at region of off-axis and high dose gradient. The
Gafchromic™ EBT film was shown to produce
acceptable agreements with the treatment planning

by analyzing with the gamma index. The criterion of
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agreement was 90% passed which one nasopharynx
cancer plan did not pass due to the complication of
planning. Before implement the Gafchromic™ EBT film
for dosimetric verification of advanced radiation
treatment techniques, study the characteristics of film
should be considered. Both of the scanner and film

need to be handle carefully in order to use properly.
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