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Characterizing Scatter Correction Software of 5 Mobile
Radiography Units

An Anthropomorphic Phantom Study

Tim Gossye, MSc,* Dimitri Buytaert, MSc,† Peter V. Smeets, MD,‡ Lieve Morbée, MD,‡ Elke Vereecke, MD,‡
Eric Achten, PhD, MD,‡ and Klaus Bacher, PhD*

Objectives:Bedside radiographs are usually obtained gridless, without a physical
scatter correction grid because of several limitations. Therefore, multiple manu-
facturers of mobile radiography systems provide the possibility to apply scatter
correction software (SC SW) on those images. The purpose of this study was
to characterize different series of radiographs—gridless, SC SW, and physical
grid—with an image quality assessment algorithm (IQAA). Furthermore, we in-
vestigated the potential dose reduction and the correlation between the output of
the IQAA and the human observers.
Materials andMethods:We obtained different series of radiographs with an an-
thropomorphic phantom (multipurpose chest phantom N1 “Lungman,” Kyoto
Kagaku, Kyoto, Japan). All radiographs were obtained with flat-panel detectors
of 5 different manufacturers in a wall bucky system. An IQAA to analyze the ra-
diographs was implemented in our department but was originally developed by
the research group of the Duke University Medical Center. Seven physical quan-
tities were calculated by the IQAA: rib-lung contrast (RLcontrast), subdiaphragm-
lung contrast (SLcontrast), lung detail (Ldetail), mediastinum detail (Mdetail), lung
noise (Lnoise), mediastinum noise (Mnoise), and rib-lung sharpness (RLsharpness).
In a proof of concept, the results of the IQAA were validated by 3
experienced radiologists.
Results: Regression coefficients (b) of the linear regression model indicate that
the human observer results correlate well with the IQAA (b ≥ 0.89, R2 ≥ 0.83).
All manufacturers have SC SW that increases the 7 physical quantities of the
gridless images. However, several manufacturers have SC SW that increases
the physical metrics to the same level as the physical grid images. The SC SW
radiographs obtained with a reduced tube load have an increased level of contrast,
detail, sharpness, and noise compared with the gridless images obtained with the
higher tube load.
Conclusions:We have proven in a proof of concept that the originally developed
IQAA can be used to characterize different series of images of different manufac-
turers. Based on the physical quantities, SC SW increases the contrast, detail,
sharpness, and noise. The experimental results in this study assume a patient dose
reduction could be possible when SC SW is applied.

Key Words: image quality, software-based scatter correction, radiography, image
quality assessment algorithm, optimization, mobile radiography unit,
anthropomorphic phantom

(Invest Radiol 2022;00: 00–00)

B edside chest radiography is one of the most commonly requested
x-ray examinations in the intensive care unit (ICU), and therefore,

the mobile radiography system plays an important role. Over the last
few years, multiple manufacturers of mobile radiography systems have
developed software to improve the image quality (IQ) of bedside
radiographs—scatter correction software (SC SW)—which is intended
to improve the non–scatter-corrected (gridless) images.1–6

We recently reported on a study7 that was conducted with a
contrast-detail phantom and Virtual Grid (Fujifilm, Tokyo, Japan) soft-
ware where the IQ of the SC SW images could approximately be the
same as the physical grid images depending on the experimental condi-
tions. The previously cited articles/white papers conclude that SC SW
improves chest radiographs and dose reduction should be possible to
obtain radiographs without IQ loss. However, IQ and potential dose re-
duction was investigated in various manners.

Methods to assess IQ such as modulation transfer function, noise
power spectrum, and detective quantum efficiency are based on simple
and uniform phantoms where the preprocessed images are used tomake
the IQ evaluation. Besides the latter methods, contrast-detail phantoms
and their evaluation can be used, although none of these methods are
based on clinical images. Clinical images can be evaluated in visual
grading analysis (VGA) studies, based on the quality criteria defined
by the European Commission (European guidelines on quality criteria
for diagnostic radiographic images). However, the latter evaluation
method requires a large number of images, which have to be scored
by radiologists. As a consequence, it is time-consuming and therefore
not easy to implement in routine practice.8,9 Automated IQ evaluation
of clinical radiographs can solve this difficulty. The research group of
the Duke University Medical Center reported earlier on an IQAA to
evaluate physical metrics, derived from the European guidelines on
quality criteria for diagnostic radiographic images.10

In this study, we implemented the IQAA in our department to
analyze the digital radiographs—gridless, SC SW, grid images—of 5
manufacturers of digital mobile radiography systems. The primary
goal was to characterize the different series of images based on the
physical metrics. Furthermore, we investigated the potential dose re-
duction and the correlation between the output of the physical met-
rics and the perceptual attributes judged by the radiologists in a
proof of concept.

MATERIALS AND METHODS

Experimental Setup and Image Acquisition
Radiographs of a Lungman phantom (multipurpose chest

phantom N1 “Lungman,” Kyoto Kagaku, Kyoto, Japan) were ob-
tained with flat-panel detectors (FPDs) from 5 different manufactur-
ers of mobile x-ray devices with the ability to turn the SC SWon and
off: Agfa (Agfa Healthcare, Mortsel, Belgium), Canon (Canon Medi-
cal Systems, Shimoishigami, Japan), Fujifilm (Fujifilm, Tokyo,
Japan), Philips (Philips Healthcare, Amsterdam, the Netherlands),
and Samsung (Samsung Electronics Co, Seoul, South Korea). More de-
tailed information about the detectors can be found in Table 1 (see Table,
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Supplemental Digital Content 1, http://links.lww.com/RLI/A676, key
of the pseudonymized manufacturers).

The radiographs were obtained in a controlled experimental
setup on a fixed radiography system with ceiling stand and wall bucky
(Siemens Ysio, Optitop 150/40/80 HC-100; Siemens; large focal spot
size of 1.0 and small focal spot of 0.6), x-ray generator (Polydoros F
80-2; Siemens), and removable stationary focused grid (ratio, 13:1; lp/cm,
92; interstitial material, Al; focus-detector range, 115–180 cm). All
the radiographs were obtained with the FPD inserted in the wall bucky
with and without a physical grid. The source-to-image distance was set
to 115 cm to mimic the source-to-image distance in daily practice on
the ICU and to comply with the prescribed minimal focus-detector
range of the stationary grid. The Lungman phantom was placed on
the wall bucky with the backside to the FPD and with additional
3.5 cm polymethylmethacrylate (PMMA) on the chest (phantom 1).
The amount of the additional PMMA (3.5 cm) was determined by an-
alyzing the tube loads set by the automatic exposure cells (AECs) for
126 patients recorded for 1 year. These patients were all examined with
the same chest x-ray protocol (anterior-posterior projection). To create
more scatter, a second phantom was made with 7 cm of PMMA on
the chest of the Lungman phantom (phantom 2). A tube voltage of
81 kVp was chosen to mimic the daily practice in the ICU and
125 kVp to further decrease the contrast in the radiographs. Phantom
2 was exposed to tube voltages of 81 and 125 kVp, in contrast to phan-
tom 1, which was only exposed to 81 kVp. The tube loads were deter-
mined by the AEC (left and right chamber above the lung fields) of the
radiography system without and with physical grid, dose levels 1 and 3,
respectively (Table 2). Dose level 2 represents the setting that was used
to expose the phantom to a reduced tube load of 11% to simulate dose
reduction. The nearest tube load determined by the AEC was chosen

manually in the system to make sure the same tube load was used for
every manufacturer. Each x-ray exposure was repeated once, resulting
in 2 images for every type of obtained image. The results of both im-
ages were averaged. Table 3 presents the tube loads and the entrance
surface doses (ESDs) to which the phantoms were exposed. All pre-
sented ESDs were measured 5 times with an ionization chamber
(The General Purpose, In-Beam Chamber, Radcal Corporation Model
10� 6–6, CA, 2017), placed on the surface of the phantom in the cen-
tral axis of the x-ray beam.

Image Quality Metrics and Analysis
The quality metrics, rib-lung contrast (RLcontrast), subdiaphragm-

lung contrast (SLcontrast), lung detail (Ldetail), mediastinum detail
(Mdetail), lung noise (Lnoise), mediastinum noise (Mnoise), and rib-lung
sharpness (RLsharpness) used in this study were previously described
and validated in the study of Lin et al, Samei et al, and Willis et al.10–12

We implemented these quality metrics in MATLAB (MATLAB Re-
search R2019b, the MathWorks, Inc). In contrast to Lin et al,10 regions
of interest (ROIs) were manually selected on the image instead of using
an automated landmark detection program. To keep the area of the ROIs
(~7.6� 7.6 mm) similar for every radiograph of the different manufac-
turersM1–M5, the number of pixels were adjusted, resulting in standard
ROIs of 51 � 51 pixels, 61 � 61 pixels, and 54 � 54 pixels. All “for
presentation” imageswere decomposed by a Laplacian pyramidmethod

TABLE 1. Technical Specifications of the Different Flat-Panel Detectors

Manufacturers

M1 M2 M3 M4 M5

Detector size, cm � cm 35 � 43
Scintillator CsI
Detector type Amorphous silicon with TFT Large Area New-MIS sensor and TFT Amorphous silicon with TFT
Pixel pitch, mm 0.148 0.150 0.148 0.125 0.140
Bit depth 12
Settings of the SC SW Not specified Ratio, 13:1; lp/cm, 40;

interstitial material, carbon
Not specified Effect 5 Not specified

CsI, cesium iodide; MIS, metal insulator semiconductor; TFT, thin-film transistor; SC SW, scatter correction software.

TABLE 2. The Different Settings That Were Used in the Experimental
Setup

Dose Level Exposure Settings
Type of Obtained

Images

1 Determined on the AEC without
the physical grid

Gridless/SC SW

2 Determined on the AEC–~11%
mAs without the physical grid

Gridless/SC SW

3 Determined on the AEC in the
presence of the physical grid

Grid

For dose level 1 and 2, 2 gridless and 2 SC SW radiographs were obtained. For
dose level 3, 2 radiographs with a physical grid were obtained.

AEC, automatic exposure control; SC SW, scatter correction software.

TABLE 3. Description of the Used Tube Voltages and Tube Loads

Phantom
Tube

Voltage, kVp
Dose
Level

Tube
Load,
mAs

Entrance
Surface

Dose, mGy
Type of

Obtained Images

1 81 1 0.9 0.09 Gridless/SC SW
2 0.8 0.08 Gridless/SC SW
3 2.8 0.30 Grid

2 81 1 1.8 0.20 Gridless/SC SW
2 1.6 0.17 Gridless/SC SW
3 6.3 0.72 Grid

2 125 1 0.71 0.14 Gridless/SC SW
2 0.63 0.12 Gridless/SC SW
3 1.6 0.38 Grid

Detailed information about the exposure parameters to irradiate the 2 phan-
toms. Entrance surface doses are the average of 5 repeats.

kVp, kilovoltage peak; mAs, milliampere-seconds; mGy, milligray; SC SW,
scatter correction software.
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into 5 frequency subbands to separate the high-frequency noise and
low-frequency signal.10,13

Lung Gray Level, Lung Detail, and Lung Noise
Six standard-sized ROIs were placed in the lungs: 3 ROIs in the

left and 3 ROIs in the right lung (Fig. 1).
The lung gray level L'graylevel, averaged over the 6 ROIs, is deter-

mined using the following formula:

L′graylevel ¼ 1

6

X6
i¼1

Mean Lið Þ ð1Þ

where Mean (Li) is the mean pixel value of each lung ROI.
After decomposing the image into 5 digressive frequency subbands

by the Laplacian pyramid method, detail and noise are calculated re-
spectively as follows:

Ldetail ¼ 1
6

X6
i¼1

Std Li in subband 3ð Þ ð2Þ

Lnoise ¼ 1

6

X6
i¼1

Std Li in subband 0ð Þ ð3Þ

where Std (Li) is the standard deviation of the mean pixel value of each
lung ROI in subband 3 and 0 for Ldetail and Lnoise, respectively.

Mediastinum Detail and Mediastinum Noise
Ten ROIs, double the size of the standard ones, were placed on

the spine above the diaphragm (Fig. 1). Similar to the description of
the previous paragraph, detail and noise parameters of the mediastinum
are calculated as follows:

Mdetail ¼ 1

10

X10
i¼1

Std Mi in subband 3ð Þ ð4Þ

Mnoise ¼ 1

10

X10
i¼1

Std Mi in subband 0ð Þ ð5Þ

where Std (Mi) is the standard deviation of the mean pixel value of each
mediastinumROI in subband 3 and 0 forMdetail andMnoise, respectively.

Rib-Lung Contrast
Six standard-sized ROIs, mentioned previously, were placed on

rib edges (Fig. 1): 3 ROIs in the left and 3 ROIs in the right lung.
RLcontrast can be calculated in each ROI as follows:

RLcontrast ¼ max
i¼1;2;…;8

2 � W � Fij j
W � Fij j

� �
ð6Þ

whereW is the image ROI and Fi is 1, 2,…, 8 directional contrast filters
that were developed to automatically detect ROIs on the rib edges. The
filters apply a directional splitting line (zero value elements), dividing
each filter into a + 1 region and a − 1 region.10 The convolution term
|W� Fi| calculates the absolute difference of the summation of the 2 re-
gions, whereas the convolution termW � |Fi| calculates the sum of the
whole ROI, except for the pixels coinciding with the filter's splitting
line.10 The filter Fi, resulting in the maximum RLcontrast, is retained
and used to calculate the gray levels of both structures present in the
ROI. The orientation of the latter filter corresponds closely with the
ROIs rib-edge orientation. Because theRLcontrast can traditionally be de-
fined as follows:

RLcontrast ¼
2 � Rgraylevel−L”graylevel

� �
Rgraylevel þ L”graylevel

ð7Þ

we can compute the ribs and part of the lungs' gray level as follows:

Rgraylevel ¼ W � Fij j þ W � Fij jð Þ=N ð8Þ

L”graylevel ¼ W � Fij j− W � Fij jð Þ=N ð9Þ

FIGURE 1. Position of the ROIs for the different regions in the radiographs. RL and S ROIs were used to calculate the RLcontrast/RLsharpness and SLcontrast,
respectively. L ROIs andMROIswere used to calculate Ldetail/Lnoise andMdetail/Mnoise, respectively. ROIs, region of interest; RL, rib-lung; S, subdiaphragm;
SL, subdiaphragm-lung; L, lung; M, mediastinum.

Investigative Radiology • Volume 00, Number 00, Month 2022 Characterizing SC SW of 5 Mobile Radiography Units

© 2022 Wolters Kluwer Health, Inc. All rights reserved. www.investigativeradiology.com 3

                                            Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.                                               
                                 This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

www.investigativeradiology.com


whereN is the ROI size that was used on the images (excluding the zero
matrix elements). Eventually, RLcontrast is averaged over all 6 ROIs.

Subdiaphragm-Lung Contrast
The 4 subdiaphragm ROIs were positioned below the diaphragm

along the spine and are double the size of the aforementioned standard
ROIs (Fig. 1). To determine the SLcontrast, we need to determine the
subdiaphragm gray level (Sgraylevel) and L gray level (Lgraylevel) first.
Sgraylevel is defined as the average of the ROI mean pixel values:

Sgraylevel ¼ 1

4

X4
i¼1

Mean Sið Þ ð10Þ

where Mean (Si) is the mean pixel value of each subdiaphragm ROI.10

Because both the lung and rib-lung ROIs contain lung tissue,
Lgraylevel is determined as a weighted sum of, on the one hand,
L'graylevel—the mean gray level of the pixels confined by the ROIs only
consisting of lung tissue (averaged over all 6 lung ROIs) (1)—and on
the other hand, L"graylevel—the mean gray level of the lung tissue pixels
confined by the ROIs positioned on the rib-lung edges (9). Eventually,
Lgraylevel is calculated according to the following formula:

Lgraylevel ¼ 1

3
2L′graylevel þ L”graylevel

� �
ð11Þ

Now that we have obtained both the Lgraylevel and Sgraylevel, we compute
the SLcontrast according to the following equation10:

SLcontrast ¼
2 � Sgraylevel−Lgraylevel

� �
Sgraylevel þ Lgraylevel

ð12Þ

Rib-Lung Sharpness
The same standard-sized ROIs that were used to calculate the

RLcontrast are used to calculate the RLsharpness (Fig. 1). Similar to the ar-
ticle of Lin et al,10 each 3-pixel-wide column was averaged to reduce
the quantum and structure noise while maintaining the profile of the
rib shape. On the averaged profile, a 30-pixel window was slid down
from rib side to lung side (top to bottom). The 30-pixel window result-
ing in the largest difference between the maximum and minimum pixel
values of the profile was retained. The latter profile was preprocessed to
further reduce large variations while maintaining the main edge charac-
teristics10 before fitting a sigmoid function according to equation (13):

fsygmoid xð Þ ¼ aþ b

1þ e
x−c
dð Þ ð13Þ

Finally, the first derivative at the inflection point of the fitted sigmoid is
applied as the definition of RL sharpness for profile i and ROI j:

RLsharpness∣ i;jð Þ ¼ arctan
b

4d

����
����

	 

ð14Þ

Eventually, the values obtained for each 3-column-averaged profile in
each ROI are averaged to obtain the final RLsharpness.

10

Image Evaluation by the Human Observers
In the proof of concept, 2 tasks were performed to compare the

gridless images with the SC SW images. The comparisons were made
for the radiographs of the Lungman phantom +7 cm PMMA exposed
to 125 kVp (0.71 mAs), as these radiographs should be the most af-
fected by the scattered x-rays (high tube voltage and thickest phantom
in the experimental setup).

All quality metrics from the IQAAwere evaluated separately by
3 experienced abdominal-thoracic radiologists (35 years, 8 years, and

7 years of experience). All the images were presented in an anonymized
form to the radiologists on a 30-inch 6 MP Barco screen (model:
Coronis Fusion; Barco NV, Kortrijk, Belgium), which was configured
in 2 � 3 MP.

The first task for the radiologists was to evaluate which of the
images—gridless versus SC SW—displayed superior visibility of the
different structures of interest (structure i). The structures of interest
were the following: lung parenchyma (corresponds to Ldetail/Lnoise),
the spine behind the mediastinum (corresponds to Mdetail/Mnoise), rib-
lung edges to evaluate RLsharpness/RLcontrast, and subdiaphragm-lung re-
gion to evaluate the SLcontrast. The subdiaphragm region was explained
as the area below the diaphragm where the spine is situated. Images
were displayed side by side, without informing the radiologists which
side displayed which image (gridless or SC SW) (Fig. 2).

The second task was to rank the (anonymized) manufacturers ac-
cording to the observable differences between gridless and SC SW im-
ages from largest (=1) to smallest (=5) difference, again showing the
images side by side for each manufacturer separately. For the latter task,
the observer was able to return to previous image pairs whenever de-
sired. In this way, it was possible to make a ranking from small to large
difference between the images, for example, the difference between the
SC SW image and gridless image of manufacturer A is larger than the
difference between the SC SW image and gridless image of manufac-
turer B, and so on (Fig. 2). Regarding the IQAA, image differences
are quantified for each structure and physical parameter as the ratio of
the parameters value in the SC SW image and its corresponding value
in the gridless image, expressed in %.

Statistical Analysis
To assess the relationship between the results of the IQAA and

the human observers, we fitted a linear regressionmodel through the origin
of the graph. The parameter estimate b (y = b� x) was calculated, and the
goodness-of-fit of the models was evaluated with R2. Results are consid-
ered significant when P values <0.05. All analyses were donewith Statis-
tical Package for Social Sciences (IBM Corp Released 2017, IBM SPSS
Statistics for Windows, Version 25.0; IBM Corp, Armonk, NY).

RESULTS

Image Evaluation by the Human Observers
For the first assignment, the human observers indicated that all

the structures of the SC SW images are more visible than the structures
of the gridless images. This is in agreement with the values of the met-
rics calculated by the IQAA, which are larger in the SC SW images. In
Figure 3, the averaged human observer ranking is plotted against the
IQAA ranking. A good fit is made for the structures contrast, detail,
and sharpness (b ≥ 0.97 and R2 ≥ 0.95 with P < 0.01). Noise structures
correlate less with b ≥ 0.89 and R2 ≥ 0.83 (P < 0.05). More deviations
among the human observers are seen in the ranking of these structures,
which indicates that less interobserver agreement was met. The latter is
also observed, expressed by a larger standard deviation, when smaller
observable differences (higher ranks) in the images are noticed.

Comparisons of the SC SW Images to Gridless and
Grid Images

Figure 4 represents the comparisons between gridless radiographs,
SC SW radiographs, and radiographs obtained with a grid inserted in
the bucky (grid images) (Lungman phantom +7 cm PMMA, exposed
to 125 kVp) (see Table, Supplemental Digital Content 2, http://links.
lww.com/RLI/A677, raw data of the IQAA). Compared with the gridless
images, the highest values of contrast, sharpness, and detail are ob-
served in the grid images. Noise values of the grid images are more
or less similar to the ones from the gridless images. All manufacturers
have SC SW that increases contrast, detail, sharpness, and noise levels

Gossye et al Investigative Radiology • Volume 00, Number 00, Month 2022
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above the level of the gridless images, but some obtain even higher
values with the SC SW images than with the grid images.

The SC SW radiographs of the manufacturers M1, M2, and M5
contain more RLcontrast, Ldetail, and noise values than the grid radio-
graphs. Considering SLcontrast and Mdetail, only manufacturer M2 has
more contrast and detail in the SC SW images than in the grid images.

Of all manufacturers, M2–M4 SC SW radiographs have smaller
noise values. However, contrast and detail levels are smaller as well, ex-
cept for M2. Sharpness values are lower in the radiographs that were
obtained with FPDswith pixel size of 0.125mm and 0.140mm, respec-
tively, manufacturer M4 and M5.

Potential Dose Reduction of SC SW (IQAA)
In Figure 4, we observed that applying SC SW increases the con-

trast, sharpness, detail, and noise. The increased values of contrast, sharp-
ness, and detail caused by the SC SW suggest the possibility to lower the
tube load, considering noise increases with lower tube loads. Results of
the decreased tube load with 11% are presented in Figure 5 (0.71 mAs
vs 0.63 mAs) (see Table, Supplemental Digital Content 2, http://links.
lww.com/RLI/A677, raw data of the IQAA). Values of the quality metrics
of the SC SW images obtained with the lower tube load are compared with
the values of the gridless images with the initially higher tube load.

Compared with the gridless images, values are higher when SC
SW is applied to the images, even with a lower tube load. SLcontrast of
manufacturer M3 andM4 radiographs does not improve above the level
of the gridless images.

Comparison of the SC SW Images to Gridless and Grid
Images of the Other Experimental Setups

Results of the phantom +7 cm PMMA exposed to 81 kVp (see
Table, Supplemental Digital Content 3, http://links.lww.com/RLI/A678,
raw data of the IQAA) are similar to the earlier described results with
125 kVp (see Table, Supplemental Digital Content 2, http://links.lww.
com/RLI/A677, raw data of the IQAA). The tube load, based on the
AEC of the fixed radiography system, to obtain gridless/SC SW images,
was determined on 1.8mAs, 2.5 timesmore thanwith 125 kVp. The tube
load to obtain the grid images was 3.9 times higher than the tube load
used to obtain the grid images with 125 kVp.

According to the IQAA, the images obtained with 81 kVp con-
tain in general more contrast, sharpness, and detail than the images ob-
tained with 125 kVp. Noise levels are similar.

Compared with the gridless images, the grid images contain in
general more contrast, sharpness, and detail. Noise levels of the grid im-
ages are similar to those in the gridless images. SC SW increases the
values of the quality metrics of the gridless images.

When we look at the results of the Lungman +3.5 cm exposed to
81 kVp (see Table, Supplemental Digital Content 4, http://links.lww.
com/RLI/A679, raw data of the IQAA), we observe results similar to
our Lungman +7 cm phantom exposed to 81 kVp. The tube load to ob-
tain our images was 0.9 and 2.8 mAs (based on AEC of the fixed radi-
ography system) for gridless/SC SW and grid images, respectively.
Contrast, sharpness, and detail are higher in grid images than in gridless
images. LNoise levels of the grid images are similar to those in the

FIGURE 2. A schematic view of the workflow to compare the differences between gridless images and SC SW images. SC SW, scatter correction software.
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FIGURE 3. A–G, Results of plotting the rankings of the averages of the human observer and the IQAA rankings. For each structure, a linear fit (dashed line)
through 0 is modeled, and the regression coefficient b (y = b� x) is calculated to express the relationship between the human observers and the IQAA
ranks. In each graph, the R2 of themodels and the P values are presented. RL contrast, rib-lung contrast; SL contrast, subdiaphragm-lung contrast; L detail,
lung detail; M detail, mediastinum detail; L noise, lung noise, M noise, mediastinum noise; RL sharpness, rib-lung sharpness; IQAA, image quality
assessment algorithm.
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gridless images. Just like with the 2 other experimental setups, SC SW
increases the values of the quality metrics of the gridless images. The im-
ages acquired with the thinner phantom show more contrast, sharpness,
and detail than the images acquired with the Lungman +7 cm phantom.

The results of the dose reduction on the Lungman phantom +7 cm
PMMA, exposed to 125 kVp, are similarly applicable to the 2 other ex-
perimental setups. When we reduce the tube load by 11% and apply
SC SW, all values of the quality metrics are still higher compared with
the values of the gridless images obtained with the higher tube load.

DISCUSSION
Mobile radiography systems are often used in bedside chest im-

aging in the follow-up of critically ill patients. The IQ of radiographs
obtained at bedside is often compromised because of the lack of use
of the physical scatter rejection grid. Because the first SC SWapplications
were released in 2015, multiple SC SWproducts have become available

to improve the IQ of bedside gridless images.7 To our knowledge, no
studies of intercomparisons of different mobile radiography systems
with the possibility to apply such software on the images have
been published.

Although all the radiographs of the different manufacturers were
obtained in the same conditions and judged as diagnostically accept-
able, each manufacturer has its own way of visually presenting the im-
age. In this way, objective scoring is more difficult.

One of the methods to investigate the IQ is with a VGA study.
However, the latter is time-consuming and puts an extra workload on
the radiologists. Therefore, we implemented a computational method—
IQAA—in our department to characterize the clinical radiographs. This
method was previously developed and validated on patient images by
the Duke University Medical Center in the studies of Lin et al, Samei
et al, and Willis et al with good agreement with human observers.10–12

In our study, good linear regression models were obtained for the
structures contrast, detail, and sharpness but lesser for the structures

FIGURE 4. A–G, Values of the qualitymetrics contrast, detail, noise, and sharpness obtainedwith the Lungman phantomwith 7 cmof added PMMA and
exposed to 125 kVp for gridless, SC SW images, and grid images. Gridless and SC SW images were obtained with 0.71mAs. Grid images were obtained
with 1.6 mAs. RL contrast, rib-lung contrast; SL contrast, subdiaphragm-lung contrast; L detail, lung detail; M detail, mediastinum detail; L noise, lung
noise; M noise, mediastinum noise; RL sharpness, rib-lung sharpness; SC SW, scatter correction software.
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lung and mediastinum noise. The latter observation can be attributed to
the little amount of noise in the images as detected by the radiologists.
Nevertheless, regression coefficients and R2 were higher than 0.89 and
0.83, respectively.

Our study was conducted with a Lungman phantom with addi-
tional PMMA to increase the scatter level in the image. However, some
anatomical structures in the phantom are more visible on the radio-
graphs than in patients radiographs, for example, pulmonary blood ves-
sels in the lung (Ldetail). This results in a quality metric Ldetail of 122–
186 for gridless images obtained with our Lungman phantom +7 cm,
125 kVp, and 0.71 mAs. In the studies of Lin et al and Samei et al,10,11

Ldetail levels ranged from ~10 to ~40. As they explain in their studies,
the radiographs were chosen to cover a broad range of values and in
such a way to maintain largely equidistant intervals between the values
of the quality metrics. With our experimental setup, it was not possible
to maintain equidistant intervals in the values of the quality metrics be-
tween the radiographs.

SC SW increases the quality metrics contrast, detail, noise, and
sharpness of the gridless images of all 5 manufacturers. However, not
all quality metrics of all manufacturers reached the same high level as
in the grid images. This is mostly noticed in the SC SW images of man-
ufacturer M3 and M4 for all the quality metrics, except Mnoise.

As for the radiographs of manufacturer M1 andM5, the physical
grid is more beneficial for the metrics noise, SLcontrast, andMdetail. How-
ever, the tube load that was used to obtain the grid images was more
than 2 times higher than the tube load to obtain the SC SW images.

All manufacturers were informed about the physical grid specifi-
cations (ratio, 13:1; lp/cm, 92; interstitial material, Al) and were asked
to adjust the SC SW settings to a similar level as the physical grid when
possible. Manufacturer M2 is the only manufacturer with this ability
and where the SC SWquality metrics exceeded the level of the physical
grid quality metrics, except for noise. Similar results were found in our
former article7 where SC SW was able to outperform the physical grid,
but ESDs were kept identical to obtain the physical grid and SC SW ra-
diographs. The remaining manufacturers could not adjust the settings of
the SC SWor chose the standard settings, which may explain the differ-
ences between the SC SW and grid images. The effects on the IQ of
changing the SC SW grid ratio is also described in our former article.7

Further research should be performed to investigate if our current re-
sults are applicable to other grid characteristics.

Based on our results of increased contrast, detail, and sharpness,
a potential patient dose reduction can be assumed when SC SW radio-
graphs are compared with the gridless radiographs. Despite the limited
tube load reduction of 11%, it can still be of value. According to the

FIGURE 5. A–G, Values of the qualitymetrics contrast, detail, noise, and sharpness obtainedwith the Lungman phantomwith 7 cmof added PMMA and
exposed to 125 kVp. Values of the quality metrics are shown for gridless images obtained with 0.71 mAs and SC SW images obtained with 0.63 mAs
(11% dose reduction). RL contrast, rib-lung contrast; SL contrast, subdiaphragm-lung contrast; L detail, lung detail; M detail, mediastinum detail; L noise,
lung noise; M noise, mediastinum noise; RL sharpness, rib-lung sharpness; SC SW, scatter correction software.
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studies of Delnevo et al andWu et al,14,15 patients undergo multiple x-ray
examinations during their stay in the ICU, emphasizing the importance of
a potential dose reduction. The potential dose reduction in the articles/
white papers1–3,5,6 focuses mainly on the dose difference between SC
SW radiographs and physical grid radiographs. As a consequence, the re-
ported potential dose reduction is often larger in these articles than 11%.

One of the limitations in the current study is that we did not in-
vestigate what the general IQ is of the radiographs like in VGA studies.
However, in the current experimental setup, we believe that the IQAA
used in this study provides more objective results than human observers
scoring images from different manufacturers. A second limitation of the
study is the small group of radiologists that were evaluating the differ-
ences between the radiographs. A different group of radiologists could
provide different results, but in the current study, our results show good
correlation between the radiologists and IQAA, and are in line with the
results of Lin et al.10

In summary, in the current anthropomorphic phantom study, we
investigated the effects of SC SWon different quality metrics that were
previously developed by the Duke University Medical Center. Good
correlations between the human observers and the IQAA were found.
All manufacturers have SC SW that improve contrast, detail, and sharpness.
However, noise increases as well. Nevertheless, differences among the
manufacturers exist. Some manufacturers allow to change the settings
of the software applications and could explain the differences. With the
increased quality metrics, we are able to suggest reducing the tube load,
but it remains unclear what the effect is of the increased noise on the gen-
eral IQ. More research should be performed to investigate this.
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