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Dosimetric comparison between XR-RV3 and EBT2 
radiochromic film in megavoltage photon beams 

INTRODUCTION 

Quality control (QC) is critical for optimal and 

accurate radiation treatment of cancer patients. 

This entails measurement of sentinel                                     

parameters on all equipment used for imaging, 

tumor location, treatment planning, and setup 

correction and radiation delivery. Film                                      

dosimetry plays an integral part in QC                                   

procedures that veri�ies treatment planning and 

radiation dose delivery to the patient, especially 

during commissioning of this equipment. It also 

records dose patterns during QA tests of                                

mechanical and isocentric alignment and                                

stability of radiation machines as well as its                             

output beam characteristics. Advantages of �ilm 

include: high spatial resolution, reproducibility, 

dose integration, stability, and 2-D dose                          

distribution measurement (1,2). Currently,                          

Radiochromic �ilm is a popular tool for                             

dosimetry since it is not light sensitive, needs no 

processing, is stable, and can be used in water.   

In Radiochromic �ilm, ionizing radiation                           

interacts with the active lithium salt of                                    

pentacosa-10,12-diynoic acid (LiPDCA) leading 

to the formation of free radicals that sets on 

polymerization (3, 4). This reaction requires at 

least 24 hours to reach stabilization (5). The 

Compton Effect dominates at radio therapeutic 

energies, and depends on the electronic density 

of the �ilm. As a result its density should match 

that of normal tissue to re�lect the patient dose 

accurately. EBT2 �ilm has been designed with 

this goal in mind. The Photoelectric effect is 

dominant at diagnostic radiology energies and 

depends on the effective atomic number (Zeff) of 

the �ilm. The polyester base of XR-RV3 �ilm has 

higher Zeff and physical density compared to 

EBT2, to increase its sensitivity in the                                    

kilo-voltage (�luoroscopic) energy range (6).                         

XR-RV3 is used for �luoroscopy entrance dose 

measurement. 

Existing literature does not compare these two 

�ilms, but mostly focus on different generations 

of EBT �ilm. Arjomandy et	al. (8) showed that the 

EBT2 �ilm has a small energy dependence for the 

different energies and modalities. Brown et	al. (9) 

showed that dependency on energy of the EBT 
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Background:  Radiochromic film is used for radia�on dose measurement, XR-
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correla�on and XR-RV3 film can be used in radiotherapy for quality control 

checks. 
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and	EBT2	weakens	when	the	 �ilm	 is	exposed	to	
larger	 doses,	 whereas	 the	 EBT3	 shows	 weaker	
energy	dependence.	The	aim	of	this	study	was	to	
compare	 dosimetric	 properties	 of	 XR-RV3	 and	
EBT2	�ilm	in	megavoltage	photon	beams.	
	
	

MATERIALS	AND	METHODS	

	

EBT2	and	XR-RV3	each	have	four	layers	shown	
in	tables	1	and	2.		EBT	is	semi-transparent	while	
XR-RV3	�ilm	has	a	yellow	polyester	coating	that	
faces	 the	 radiation	 source	 during	 dose																																		
measurement	 (6).	 An	 EPSON	 Perfection	 V330	
Photo	scanner	(Scan	software	version	3.9.0.0US)	
was	 used	 to	 scan	 the	 �ilm	 (7).	 The	 Colour	 depth	
was	 set	 to	 16	 bit	 depth	 for	 each	 of	 the																															
RGB-channels	 and	 scan	 resolution	 of	 72	 dpi	 in	
re�lection	mode	which	is	acceptable	for	both	�ilm	
types	 (9,	 10).	After	 irradiation,	 the	 �ilms	were	 left	
for	 24	 hours	 to	 complete	 the	 polymerization	
process	 before	 they	 were	 scanned	 	 (8).	 Dreindl																						
et	 al.	 (14)	 indicated	 that	 improvement	 in																																	
consistency	 of	 �ilm	 dosimetry	 is	 achieved	 by																					
following	a	�ixed	protocol.	The	red	channel	of	the	
�ilm	images	was	used	for	analysis	(11).		
For	calibration	curve	comparison,	5	�ilm	pieces	

(2×2.5	cm²)	were	taken	from	each	�ilm	type	and	
each	 piece	 was	 sandwiched	 at	 a	 depth	 of	 dose	
maximum	 between	 layers	 of	 RW3	 with	 total	
thickness	 of	 10	 cm.	 The	 source-to-surface																										

distance	was	 100	 cm	 in	 a	 10×10	 cm²	 �ield.	The	
pieces	 were	 irradiated	 to	 doses	 of	 0,	 80,	 200,	
500,	and	550	monitor	units	(MU)	respectively	for	
6	MV.	After	scanning,	the	average	pixel	value	in	a	
central	 region	 of	 interest	 (1	 ×	 1	 cm2)	 was	
obtained	 the	 relative	 optical	 density	 was																											
calculated	with	a	method	from	Girard	F	et	al.		(13).	
Film	 response	 for	 6	 and	 15	 MV	 photon																																	

energies	 were	 measured	 in	 a	 heterogeneous	
phantom	as	seen	in	�igure	1.	Each	�ilm	strip	was	
irradiated	 to	 500	MU	 at	 an	 SSD	 of	 100	 cm	 in	 a																					
5	×	5	cm2	�ield.	The	�ield	was	bisected	by	slabs	of	
2	cm	lead	and	10	cm	polystyrene	and	5	cm	thick	
RW3	was	used	for	backscattering.		
A	 radiation	 plan	 was	 set	 up	 for	 6MV	 for	 a																							

nasopharynx	 site	 in	 a	 Rando	 phantom.	 The																													
radiation	dose	was	delivered	with	the	EBT2	�ilm	
in	 the	 phantom	 and	 repeated	 for	 XR-RV3	 �ilm.	
The	 scanned	 �ilm	 data	 were	 analysed	 with																						
OmniPro	I’MRT	software	version	1.7.	
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Table 1. Structure and composi�on of gafchromic EBT2 film. 

Layer 
Nominal 

thickness (μm) 

Density 

(g/cm²) 

Composi on (Atom %) 

H Li C O Al 

Smooth polyester film base 50 1.35 36.4% 0.0% 45.5% 18.2% 0.0% 

Acrylic adhesive 20 1.2 57.1% 0.0% 33.3% 9.5% 0.0% 

Ac ve layer (assumes 7.5% moisture) 28 1.2 56.8% 0.6% 27.6% 13.3% 1.6% 

Smooth polyester film base 175 1.35 36.4% 0.0% 45.5% 18.2% 0.0% 

Table 2. Structure and composi�on of XR-RV3 film. 

Layer 
Nominal 

thickness (μm) 

Density

(g/cm²) 

Composi on (Atom %) 

H Li C O Al Cl Br 

Smooth polyester film base (Yellow) 97 1.35 36.4% 0.0% 45.5% 18.2% 0.0%     

Acrylic adhesive 20 ~1.2 57.1% 0.0% 33.3% 9.5% 0.0%     

Ac ve layer (assumes 7.5%  moisture) 17 ~1.2 56.8% 0.6% 27.6% 13.3% 1.6%     

Smooth polyester film base (White) 97 1.35 42.3% 0.0% 33.8% 21.6% 0.0% 1.2% 1.2% 

Figure 1. Heterogeneous phantom setup to test dosimetry 

proper�es in enhanced sca9er and beam filtering condi�ons. 
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RESULTS 

 

Figure	 2	 shows	 the	 time-evolution	 of	 the	
dose	 response	 curves	 for	 both	 �ilm	 types.	 The	
calibration	 curves	 were	 measured	 at	 2,	 10,	 24	
and	46	hours	post	 irradiation	and	 indicate	 that	
XR-RV3	 is	 less	 sensitive	 than	 EBT2.	 Figure	 3	
shows	 dose	 pro�iles	 for	 a	 6	 MV	 photon	 beam	
(left)	and	15	MV	photon	beam	(right)	 for	a	5×5	
cm²	 �ield	 in	 the	 heterogeneous	 phantom.	 Both	
graphs	 indicate	 that	 XR-RV3	 has	 similar																					
sensitivity	to	EBT2.	Figure	4	compared	the	dose	
distribution	 of	 each	 �ilm	 type	 for	 a																							
nasopharynx	 treatment. The	 XR-RV3	 and	 EBT2	
results	are	 in	good	correlation	with	each	other,	
which	 is	 obtainable	 after	 proper	 calibration	 of	
these	�ilms.	

 

 

DISCUSSION 

 

XR-RV3	 is	 less	 sensitive	 to	 photon	 radiation	
and	 post	 irradiation	 polymerization	 causes	 the	
same	 broadening	 in	 their	 respective	 ROD	 over	
46	 hours.	 Both	 �ilms	 stabilized	 after	 24	 hours	
which	 agrees	 well	 with	 literature	 �indings.																				
Comparison	 between	 table	 1	 and	 2	 shows																							
halogens	 (Cl	 and	 Br)	 in	 the	 polyester	 layer	 of																					
XR-RV3	 but	 �igure	 3	 showed	 that	 dose	 pro�iles	
from	 both	 �ilms	 are	 nearly	 identical	 at																															
megavoltage	 energies.	McCabe	 et	 al.	 (6)	 showed	
that	 the	 white	 side	 of	 XR-RV3	 absorbed	 more	
radiation	 compared	 to	 the	 orange	 side.	 The	
phantom	 (�igure	 1)	 was	 designed	 to	 cause																												
differential	 �iltering	 of	 the	 soft	 beam																																							
components	but	this	did	not	cause	a	deviation	in	
the	 dose	 pro�iles	 in	 �igure	 3.	 For	 challenging																								
heterogeneous	 geometries	 such	 as	 head-and-
neck	 treatment,	 the	 example	 in	 �igure	 4	 shows	
that	 the	 dose	 distribution	 	 obtained	 with	 both	
�ilms	 are	 comparing	within	 2	mm	/	 2	%	 in	 the	
nasopharynx	 radiation	 case	 for	 the	 majority	 of	
data	 points.	 Some	 discrepancies	 occur	 in	 the	
inferior	part	of	the	250	cGy	isodose	line,	but	the	
dose	gradient	here	are	not	steep.	EBT2	�ilm	has	
been	 proven	 to	 be	 accurate	 at	 measuring	 dose	
distributions	(12).	Since	XR-RV3	results	compares	
well	 with	 EBT2	 �ilm	 in	 this	 study,	 it	 implies	
satisfactory	accuracy	as	well.	

Figure 2. Calibra�on curves for EBT2 and XR-RV3 film                 

between 2 and 46 hours. 

Figure 3. Dose profiles measured for the films in the 

heterogeneous phantom for 6MV and 15MV photon beams.  

CONCLUSION 

 

XR-RV3	 is	 more	 sensitive	 to	 radiation	 at																							
megavolt	 photon	 energies	 when	 compared	 to	
EBT2.	When	properly	calibrated,	 these	�ilms	are	
equivalent	 at	 these	 energies	 despite	 their																						
different	 atomic	 composition	 in	 the	 bottom																			
polyester	layer	were	XR-RV3	contains		halogens.	
This	 is	 evident	 in	 the	 results	 shown	 in	 �igure	 3	
and	 4.	 It	 can	 be	 expected	 since	 the	 Compton																		
Effect	dominates	 at	 these	 energies.	 XR-RV3	 �ilm	
can	 be	 used	 for	 megavoltage	 photon	 beam													
dosimetry	with	 the	 same	 degree	 of	 accuracy	 as	
EBT2	�ilm.	

151 Int. J. Radiat. Res., Vol. 14 No. 2, April 2016 
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