
Methods and materials
RCF (XR-RV3) were first calibrated free-in-air to obtain control calibration curves for various photon energies.
For data collection, a 20cm-thick adult pelvis anthropomorphic phantom was used. Incremental 5cm-
thick animal fat slabs of similar composition to human adipose tissues were placed on the phantom to simulate
patient thickness of 25cm, 30cm, and 35cm. The phantom was placed supine on the table couch with the
detector in the Bucky tray with a non-removable grid. The phantom was centered and collimated following
Merrill's Radiographic positioning guidelines. Images were acquired at 2 collimation sizes (32x40cm and
34x43cm) using exposure factors in Table 1. For each irradiation, one XR-RV3 film (5x5cm) was placed on the
phantom at the center of the collimated field. Films were then scanned 48 hours after irradiation and the degree
of darkening was measured. The degree of darkening was then input into the calibration curves to obtain the
ESD absorbed by the films. The amount of ESD measured by film was then compared to ESD estimated from
DAP readings as well as Technic VR simulation.

Determination of Patient Dose from Exposure Index (EI) in Digital Imaging

Introduction
The Exposure Index (EI) is an accepted metric in modern radiography practice that indicates digital detector response to incident radiation. The EI provides feedback to the
radiographer on the exposure techniques applied. For example, an overexposed image will display an incorrect EI. In the spirit of ALARA dose management, it is of interest in our
experimental study to determine the level of agreement between phantom doses acquired by applying both direct dose measurement methods and indirect dose measurement
methods. Our direct dose measurement methods included the use of self-developing radiochromic film (RCF) XR-RV3 which was calibrated against a gold-standard reference
dosimeter, the Unfors solid state detector. Indirect dose measurement involved recording the equipment dose-area-product (DAP) meter readout as well as using third party virtual
radiography simulation software, TechnicVR v2.0 (Shaderware Ltd, UK).

Objectives
Our research question was : “Is EI a good estimate for patient dose?”
Specific objectives were:
1. To determine the level of agreement between measured entrance surface doses (ESD)
2. To investigate the effect of varying phantom thickness, collimation size and exposure factors on the ESD

and EI

Results

Figure 1: Experimental setup depicting the use of both direct and indirect dose 
measurement methods.
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Figure 2: Bland-Altman plot between 
measured ESD using XR-RV3 versus 
solid state reference dosimeter.

Figure 3: Bland-Altman plot between 
measured ESD using DAP versus 
solid state reference dosimeter.
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Effect of varying phantom thickness on ESD and EI

Table 1: Exposure factors selected for the experiments (3 kVp x 3 mAs = 9 
combinations of exposure factors).

Figures 4 and 5 Effect of varying phantom thickness on ESD and EI.

From Figure 4, keeping kVp and mAs constant, dose increases 
with increasing phantom thickness. These observations were 
consistent across the nine exposure factors. Higher doses could 
be attributed by the increasing proximity to the x-ray tube source.

From Figure 5, keeping exposure factors constant, EI decreases 
with increasing phantom thickness. The decreasing trend was 
expected since less radiation reaches the detector as patient 
thickness increases, but the observation of a decreasing trend is 
only applicable for Philips X-ray EI.

Level of agreement between measured doses
There was good agreement between the Philips radiography unit DAP readout 
and the reference Unfors detector (within ± 5%). There was a poor agreement 
of –30% to 49% between the RCF (XR-RV3) versus the reference Unfors
detector. The TechnicVR simulated doses agreed with the reference Unfors
detector to within 20% limits. The different levels of agreement between 
detectors are due to:
• differences in the effective depth of measurement (i.e., detector 

construction differences)
• known energy response of film
• backscatter doses which the film measured but which were filtered out by 

the lead backing of the Unfors detector used 

Conclusions
We have found that EI correlates well to patient dose. Factors such as varying phantom 
thickness, exposure techniques and collimation size resulted in observable changes to 
measured EI and patient doses (ESD). However, where measured doses were concerned, 
known uncertainties such as the need to establish kilovoltage backscatter factors and to 
characterize film response to radiation quality needs to be performed before 
radiochromic film dosimetry can be implemented in clinical radiography practice.

Effect of collimation size on relationship between ESD and EI

Figure 6: Effect of changing collimation size on the relationship between ESD and EI
From Figure 6, both collimation sizes demonstrated strong relationships between EI and 
patient dose. As collimation size decreases from 34x43 (R2=0.82) to 32x40 (R2=0.75) EI 
is less able to explain the variations in average patient dose. A decrease in collimation 
size lowers the amount of radiation received by the detector, hence the EI varies. Further 
investigation should be done to determine whether even smaller collimation sizes can 
weaken the relationship between EI and patient dose to a point EI is no longer able to 
reliably explain patient dose.
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