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Introduction

Thoracic imaging has made significant progress during the 
transition from film-based systems to digital radiography, 
including the development of more refined modalities such 
as dual energy subtraction (DES) imaging. However, the 
full potential of DES and its value in the clinical setting 
have yet to be fully elucidated.  

DES is an imaging technique which takes advantage of 
the fact that calcium selectively attenuates lower energy 
photons in an X-ray beam and, as a result, produces two 
separate images: one with the soft tissues of the thorax and 
one with the bones (1). There are two separate techniques 
that are used to obtain DES images: single exposure and 
double exposure. 

In a single exposure system, the X-ray is exposed to two 

phosphor plates separated by a copper filter. The front plate 
receives the unfractionated beam and produces a standard 
chest X-ray. The lower energy photons are then selected out 
by the front plate and copper filter such that the back plate 
only receives the high energy photons. Weighed subtraction 
of the second image from the first is then used to produce 
the soft-tissue and bone selective images. In a dual exposure 
system, two images are taken 200 ms apart, one at 60 kV and 
120 kV. The resulting images are subtracted to produce the 
tissue selective and bone selective images. The dual exposure 
system produces a higher quality image but runs the risk 
of motion artifacts due to the time delay between the two 
images that need to be adjusted in post-processing (1).

Regardless of the type of DES imaging, the modality 
results in two images: a soft tissue selective image and a 
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bone selective image (Figure 1). By eliminating rib and 
clavicular shadows from the lung parenchyma, DES has the 
potential to improve the diagnosis of soft-tissue pathologies 
when compared to regular chest X-rays (2). There have 
been multiple studies that showed an increase in diagnostic 
accuracy of DES imaging as compared to traditional chest 
X-rays but none that have explored the difference in speed 
of diagnosis (3-6). The purpose of this study was to build on 
previous research by comparing the speed and accuracy of 
the diagnosis of non-calcified pulmonary nodules with DES 
imaging and traditional chest X-rays.

Materials and methods

Database

Chest radiographs of patients who underwent DES and 
traditional radiography at the same time between January 
2011 and March 2013 were selected based on the following 
inclusion criteria: (I) DES radiography, chest X-ray and 
chest CT were done within three months of each other; (II) 
the presence of one or two non-calcified pulmonary nodules 
was confirmed by the CT; (III) the nodules were visible on 
both the traditional and DES radiographs; (IV) patients 
did not undergo any treatment for the nodules between the 
time of DES and CT. Based on these criteria, 34 patients 
were chosen (32 with one nodule, 2 with two nodules in 
close proximity to one another). For the control group,  
17 patients were chosen who did not have any CT evidence 
of chest nodules or diseases but still underwent traditional 

and DES chest radiography. 
In total, 51 patients (34 abnormal and 17 normal) were 

selected. The traditional chest X-ray and soft-tissue DES 
radiograph of each patient were then obtained, for a total of 
102 images. 

Software creation

Specialized image display software was created by an 
engineer at the University of Waterloo to allow the 
radiologists’ response times and accuracy to be recorded. 
Each image was classified by a staff radiologist as ‘normal’ 
or ‘abnormal’ and the locations of the nodules on the 
abnormal images were then inputted into the software. The 
abnormal images that had two nodules in close proximity 
were programmed such that clicking on either nodule was 
considered correct.

Performance testing

Five staff radiologists and five radiology residents were 
recruited to take part in this study. The radiology residents 
were all past their third year of residency training. 

The readings of the images were done in two sessions 
that were at least 24 hours apart. In their first session, each 
participant read 51 images (25 DES and 26 traditional) and 
in their second session, they read the remaining 51 images 
(26 DES and 25 traditional). No participant saw both the 
DES and traditional X-ray of the same patient in the same 

Figure 1 Comparison of a regular chest X-ray (A) with a soft-tissue selective dual energy subtraction (DES) X-ray (B) that has eliminated 
rib shadows.
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session. This was done to ensure that the images were read 
independently. 

When run, the software showed each image to the 
observer and asked them to identify if there was a nodule 
(Figure 2). They could either click a ‘No nodule’ button 
at the bottom of the screen if they thought the image was 
normal or they could click on the nodule itself, if they 
saw one. Once they made their decision, they clicked on 
the ‘Display image’ button at the bottom of the screen to 
proceed to the next image.

The software recorded the time it took for the 

radiologists to make their diagnostic decision by measuring 
the time from when the image was shown to them to the 
time they clicked ‘Display image’ to see the next radiograph. 
The software also recorded their diagnosis. Given that 
the images were being displayed on custom software, no 
manipulations of the level and width of the window were 
possible. 

The readings were all done on the same monitor located 
at the Medical Imaging Informatics Research Centre at 
McMaster University. All participants were given the same 
set of instructions; they were informed of the objective 
of the study and how to use the software. No patient 
information was provided. At the end of each session, the 
data containing the participant’s diagnosis time and accuracy 
for each image was added to a central database. When all 
ten participants had completed both of their sessions, the 
database was analyzed by our statistician.

Analysis

For each participant, we computed the sensitivity (called 
positive/total positive), specificity (called negative/total 
negative) and accuracy (total accurate calls/total films). We 
also calculated the average time per read in seconds.

Each variable (sensitivity, specificity, accuracy) was 
then analyzed with a repeated measures ANOVA, using 
film (n=51) as the unit of analysis, and with three repeated 
measures [dual vs. single energy, resident vs. faculty, and 
rater (five levels)]. 

Results

The results are shown in Table 1.
The dual beam procedure resulted in an approximately 

10% increase in sensitivity and 7% increase in overall 
accuracy; both had borderline significance (There was no 
difference in specificity. Staff readings were slightly more 
sensitive than residents; again the F-test was of borderline 
significance. The dual beam procedure reduced read times 
for residents by 6 sec (29%) and for staff by 3 sec (23%), 
both statistically significant. 

Discussion

The study showed that the dual beam strategy led to a 
statistically and clinically significant reduction in read times, 
with no loss of accuracy, and a suggestion that the sensitivity 
to detect abnormal lesions was higher. A decrease in read 

Figure 2  Study image displayed on the software screen. 
Participants could click on a nodule on the screen if they saw one 
or click on the ‘No nodule’ button (bottom right). ‘Display new 
image’ (bottom left) takes them to the next image.

Table 1 Data comparing the sensitivity, specificity, accuracy 
and time per image for dual energy vs. regular chest X-rays and 
staff vs. residents

Statistical 

analysis of 

data 

Resident Staff P values

Single Dual Single Dual
Resident 

vs. staff

Dual vs. 

single

Sensitivity 0.57 0.64 0.59 0.71 0.09 0.07

Specificity 0.87 0.88 0.82 0.83 N.S. N.S.

Accuracy 0.67 0.72 0.67 0.75 N.S. 0.09

Time/film (sec) 21 15 13 10 <0.0001 <0.0001

N.S., not significant.

Display new image No nodule
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times, with no decrease in accuracy, can help accommodate 
a larger volume of images.

One of the limitations of this study was the small sample 
size of images. One consequence is that the apparent 
increase in sensitivity did not reach statistical significance. 
This could be improved upon by involving other centers 
that use DES technology to provide a larger group of more 
diverse images. Secondly, due to the preliminary nature of 
the study and limited resources, the number of readers was 
limited. A multicenter study would enable participation 
from a larger group of radiologists and radiology residents. 

DES imaging does have some disadvantages related to 
the technology’s high cost and difficult accessibility (7). At 
present, it is only located in specialized large centers. When 
compared with regular chest X-rays, DES technology 
results in twice as much radiation. However, the radiation 
dosage provided by a chest X-ray is 0.1 mSv and DES 
X-ray is 0.2 mSv, both of which are insignificant dosages 
considering the average Canadian is exposed to 1.77 mSv of 
radiation from natural sources in the course of a year (8). 

Other studies have shown that DES imaging improves 
accuracy when compared to chest X-rays. Li et al. evaluated 
the accuracy and confidence of radiologists in diagnosing 
pulmonary nodules on 19 previously missed lung cancer 
nodules and showed an increase in both factors (4). 
Uemura et al. echoed similar results, showing an increase 
in accuracy in the reading of DES imaging of 52 patients 
with pulmonary nodules as compared to regular chest 
X-rays (9). While most of these studies evaluate radiologic 
accuracy objectively, their measure of radiologic confidence 
is subjectively done via scales and ratings. This study aimed 
to evaluate not only the accuracy of DES imaging but also 
the time to diagnosis, both as an independent outcome and 
as a surrogate outcome for confidence. 

The diagnosis of non-calcified pulmonary nodules 
can be challenging on regular chest X-rays, particularly 
if the nodules are small or if they are located in more 
inconspicuous areas such as behind the ribs or clavicles. 
Shah et al. reported a series of missed malignant pulmonary 
nodules on chest X-ray; of the 40 total, 65% were obscured 
by two or three bones, 30% were obscured by one bone and 
22% were obscured by the clavicle or one or more ribs (10). 
The benefit of DES imaging is that it eliminates overlying 
bone shadows by separating the soft tissues from the bones, 
producing two distinct images. 

Given the relative novelty of DES imaging, it has yet 
to find its niche in currently radiologic practice. While its 
high cost and specialized technology makes it difficult to 

replace chest X-rays, there is a role for DES technology in 
particular populations. With the growing pool of evidence 
that it can be superior in the diagnosis of pulmonary 
nodules, it can be used to evaluate patients who are at 
high risk for lung cancers. This includes patients with a 
significant smoking history, occupational exposures, family 
history or symptoms concerning for a lung malignancy. It 
can also be used to evaluate patients with other malignancies 
who are at a risk of lung metastases. 

Conclusions 

DES is a budding new technology that has yet to find 
its niche in Radiology. While not widely used, there is 
a growing pool of evidence to suggest that it improves 
confidence and accuracy in the diagnosis of pulmonary 
nodules. Further research into the technology involves 
multicenter studies to accrue a larger sample size and more 
diversity within the images as well as a larger number 
of readers. Currently, there are studies looking into the 
efficacy of DES in diagnosing other chest pathologies such 
as mediastinal masses and bone disease in the ribs.
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