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Abstract 

Gafchromic EBT film, a new high sensitivity radiochromic film has been tested for variations in optical properties due to 
scanning orientation. Gafchromic EBT film has been shown to produce a scanning orientation effect whereby variations 
in measured relative optical density are found due to the films orientation relative to the scanner direction. This relative 
optical density change was found to be relatively consistent for different films exposed to varying dose levels ranging 
from 0 Gy to 3 Gy. A maximum variation of 0.0157 ± 0.0035 in optical density (OD) was found. This relates to an 
approximate 15 % variation in net OD for a 50 cGy irradiated film and 4 % variation for a 3 Gy irradiated film. No 
noticeable effects or variations were seen with changing scanning resolution or with the film placed “up or down” during 
scanning. Other Gafchromic film types were tested and compared to EBT for unirradiated film to assess the magnitude of 
this orientation effect on the scanner used and results showed that EBT produced a significantly higher effect that MD-55-
2, HS, XR type T and XR type R film by up to 3 times. As such, providing the same orientation of EBT film when 
scanning for dosimetric analysis becomes an essential part of EBT film dosimetry. 
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Introduction  
 
Gafchromic film products for diagnostic radiology [1,2,3,4] 
and radiotherapy applications [5,6,7,8,9,10,11] have 
expanded other the last few years with films specifically 
designed for niche areas becoming commercially available. 
Some of these films include the Gafchromic film range 
such as MD-55-2 and HS. These films were designed to 
match the characteristics of high energy radiotherapy x-ray 
beams with low energy dependence and relatively low 
absorbed dose requirements for analysis. Film types XR 
type T and XR type R were produced for diagnostic 
purposes producing a relatively energy independent 
response in the diagnostic x-ray energy range. Recently 
EBT has been released which provides a higher level of 
dose sensitivity [12,13,14] and lower energy response [15] 
variations and seems to be ideally suited for fractionated 
radiotherapy applications. Gafchromic EBT films are 
produced with various layers in their construction as well as 
a  needle  like   active  radiochromic  material  layer.  These  
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types of constructions can produce variations in scattering 
effects of light with varying rotational reference during 
scanning. Various scanners can also produce variations in 
light collection properties due to effects such as 
polarization [16,17,18,19]. As such the orientation of EBT 
film compared to the orientation of a scanning light source 
can produce a variation in measured optical density. The 
manufacturer has highlighted this [20] and they recommend 
the same film orientation is used for all film analysis. In 
this note we further investigate the effects of film 
orientation relative to the scanning device to measure the 
variations that occur and compare these results to previous 
types of Gafchromic film products for analysis. 
 
 
Materials and methods 
 

Experiments were performed with radiochromic film 
type Gafchromic EBT (ISP Corp, Wayne NJ, USA) to 
analyse the effects of film/scanner orientation during 
readout. EBT films is constructed with a multi-layer 
approach consisting of the active polymer along with 
polyester protective coatings which allows the film to be 
easily handled and minimizes effects from ultraviolet 
exposure [21,22].  The effective atomic number of the EBT 
film is Zeff = 6.98 compared to water Zeff = 7.42, a 
comparatively good match. Batch no. 34267-004 was used 
for this experiment. The results for film orientation of EBT 
Gafchromic were also compared to other Gafchromic film 
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products. These being, Gafchromic MD-55-2 (Batch 
No.#H1146MD55), Gafchromic HS (Batch No. I0144HS), 
Gafchromic XR type R (Batch No. J0123XRR) and 
Gafchromic XR type T (Batch No. k02b28XRT). These 
film types were tested for orientation effects using the same 
scanner and set up parameters as EBT to compare the 
magnitude of the orientation effects. For dose delivery, the 
films were positioned in a solid water [23] phantom of 
dimensions 30 cm x 30 cm x 30 cm. Measurements to 
assess the effects of film orientation relative to the scanner 
orientation have been made using a standard desktop 
scanner. Gafchromic films have been analysed using a PC 
desktop scanner and Image J software. The scanner is a 
Hewlett Packard ScanJet with scanning resolution of up to 
1200 pixels per inch. The images produced were 16 bit 
RGB colour images. These images were analysed with the 
full RGB image. Early versions of Gafchromic film 
required the image to be split into the three colour 
components and analysis performed in the red region only 
to enhance the colour change [24,25]. Pieces of 4 cm x 4 
cm square film were irradiated using a 6MV linear 
accelerator produced x-ray beam to the given dose levels 
ranging from 0 Gy up to 3 Gy. The film was left for 24 
hours before analysis to minimize effects from post 
irradiation colouration [26] although a shorter time period 
could have been used for Gafchromic EBT [27]. The films 
were  placed  on  the  flat  bed  scanner with 0 degrees 
angle  quoted  with  the  EBT films  coating  direction  
being parallel to the length of the scanner plate.  Scans  
were performed with various angular intervals. Maximum 
and minimum transmission value angles were also 
measured and compared for the various film types. Tests 
were also performed using different scanning resolutions 
ranging from 75 pixels per inch to 1200 pixels per inch. 
Tests were also performed for up and down film 
orientations to evaluate any effects caused by scanning face 
up or face down. Results for EBT orientation effects are 
compared to results found for other radiochromic film types 
studied earlier [16,22]. Results shown are for unirradiated 
films. 
 
 
Results and discussion 
 

Figure 1 shows the effects of  film orientation within 
the scanner for Gafchromic EBT film at dose levels of 0 
Gy, 50 cGy, 100 cGy and 300 cGy. Results show that a 
measurable orientation effect is seen at all dose levels 
measured. Results are quoted as net optical density with the 
maximum transmission value for our unirradiated film 
being our reference light intensity level. As can be seen in 
figure 1, a variation in net OD from 0 ± 0.003 to 0.0157 ± 
0.0035 over a 90 degree change in orientation for the 
unirradiated film occurs in a reproducible pattern. For our 
scanner, the maximum/minimum net OD values or 
transmission occurred with the film positioned at –20 
degrees / 70 degrees orientation to the scanner. The same 
orientation angle was found for all irradiated EBT films for  
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Figure 1. Variations in net optical density as a function of 
scanning orientation for Gafchromic EBT for various irradiated 
dose levels. The reference light intensity for each curve is taken as 
the maximum transmission at the specified dose level. 
 
max/min positions. Figure 1 also shows similar results at 
dose levels of 50 cGy, 100 cGy and 300 cGy respectively. 
The errors quoted are the measured variations (1SD of 
mean) for each film piece based on 10 readings. Of interest 
is the magnitude of the change in net OD for orientation at 
all dose levels. This is similar for all dose levels tested and 
the average found to be 0.014 ± 0.002. This relates to an 
approximate dose equivalency in the order of 10cGy 
variation. As such the percentage magnitude of the 
associated errors are dependant of the size of the 
measurement made. A smaller dose would produce a 
significantly larger error than higher doses. That is, the 
change in net OD from film orientation is relatively 
independent of absorbed dose or film darkness with the 
limits of uncertainty for this analysis. No significant 
variations in results were seen with changes in scanning 
resolution from 75 dpi up to 1200 dpi. No significant 
variations in measured OD were found for films scanned up 
or down through all orientation angle measured. Thus the 
scanning resolution and the films placed either face up or 
face down produced no significant effect on results. The 
manufacturers of EBT through their web site  [20] have 
given warnings concerning the effects of film orientation 
quoting results for film analysis in perpendicular directions. 
A larger variation for different scanner types is seen. Our 
results show a variation nearly an order of magnitude lower 
than the quoted Vidar VXR-16 densitometer. Our results do 
show the nature of the variation with varying orientation 
angle. It is expected that the cause of this variation be due 
to the scattering properties of light through the EBT film 
causing a variation in transmitted intensity. The shape and 
orientation of EBT films active layer as shown by Rink et al 
[14] 2005 gives rise to the effects with the films active 
particles having a needle like form with size in the order of 
1-2 µm diameter and 15-25 µm in length. The long axis of 
the particles in general aligns with the coating direction of 
the film during production. Older style films produced a 
more random particle orientation without the needle like 
form [14].  Due to the particle alignment, it was perceived 
that the orientation effects seen with EBT would be more 
pronounced than its predecessors. Figure 2 shows results 
for  a  comparison  of  variations  in  measured  net  OD  for  
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Figure 2. Variations in net optical density as a function of 
scanning orientation for various Gafchromic film types. 
 
various types of Gafchromic films. Results show the net 
OD variations for each film type as a function of film 
orientation. All film types exhibit some form of variation 
with angle. The EBT film produced the highest variation, 
which was nearly three times larger than most other films. 
The MD-55-2, HS, XR type R and XR type T film all 
produce albeit to a lesser extent, a variation with film 
orientation with maximum changes in the region of 
approximately 0.004 to 0.006 as compared to 0.0157 ± 
0.0035 for EBT. As such the orientation effect has been 
significantly increased for the relatively new film 
Gafchromic EBT. This film type is becoming extensively 
used in radiotherapy applications. To increase the level of 
accuracy in results obtained through EBT film dosimetry it 
does become significantly important to scan films with the 
same orientation each time. This includes experimental and 
calibration films. It is also important to mark smaller EBT 
films which have been cut to size with the coating direction 
orientations so that confusion or inaccuracies do not appear 
when analysis is performed after measurement are 
performed. 
 
 
Conclusion 
 

Variations in measured optical density of Gafchromic 
EBT, radiochromic film are seen as a function of film 
versus scanner orientation. This variation is significant and 
measurable with fluctuations up to three times larger than 
seen with older types of Gafchromic film products, thus 
becoming a more significant effect. No significant 
variations in orientation effects were seen due to scanning 
resolution or whether the films were scanned face up or 
face down. Inaccuracies in measured optical density and 
thus measured dose from orientation effects can be 
minimized by routinely scanning films with the same 
orientation every time. 
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