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Comparison of chest radiography, chest tomosynthesis
and computed tomography for detection of pulmonary
nodules: A phantom study
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Objective To compare the rate of pulmonary nodule detection using chest radiograph, chest digital
tomosynthesis and computed tomography examination.

Methods After institutional review broad approval, an in-house chest phantom was made from acrylic,
plaster and catheters. Plastic beads of 1-2 mm, 3-4 mm, 5-6 mm, 7-8 mm and 9-10 mm were implanted
in the phantom to represent pulmonary nodules. From 0 to 20 nodules were randomly embedded in each
model and the model was photographed by digital chest radiograph (CXR), chest digital tomosynthesis
(CDT) and chest computed tomography (CT). Two blinded thoracic radiologists reviewed and marked
the nodules on each of 34 images. The percentage of nodules detected with each method was calculated
and compared.

Results There were a total of 332 nodules in the 34 phantom models. Overall nodule detection rates were
75.3% for CXR, 91.0% for CDT and 98.8% for CT. With CT, all nodules larger than 3 mm in diameter
were identified. With CDT, over 90% of the nodules larger than 5 mm were detected. The percentage
detected with CDT and CT was not statistically significantly different for 5-10 mm nodules. The regions
of poorest nodular detection with CXR were the mediastinum and hilum regions, while with CDT it was
the costophrenic sulcus.

Conclusion CT provides the highest percentage of nodular detection, followed by CDT and digital CXR
in that order. There is no significant difference in percentage detection between CT and CDT for 5-10
mm nodules. Chiang Mai Medical Journal 2019;58(4):191-8.
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Introduction

Chest radiography (CXR) is commonly used ~ Computed Tomography (CT). However, CT has
for evaluating patients with pulmonarydisease (1).  the disadvantages of high cost and high radia-
However, its sensitivity and specificity are quite  tion dose (5, 6). Recently, a new technique called
low because it is limited by overlapping anatomy  digital tomosynthesis was developed which can
(2-4). That limitation does not occur with  reconstruct sectional images at arbitrary depths
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by collecting a number of projection images
at different angles using a digital detector (DT)
(7). The amount of overlapping anatomy in the
section images with DT is much less than with
standard projection radiographs. Many articles
have described the benefits of DT (7-9,12,14).
Thereis, however, alearning curve for the interpre-
tation of this new technology. The purpose of this
study was to compare the detection rate of nodules
using the modalities of CXR, chest digital tomosyn-
thesis (CDT) and CT examination with phantom
models prior to clinical application.

Methods

The institutional review board granted permis-
sion for this study as an exemption type. Phantom
model and study design: Chest phantoms were
made using an acrylic plate to represent soft tissue,
acrylic bars and angiography-catheters to represent
the pulmonary vessels, plaster to represent bone
and foam to represent lung parenchyma. The
models consisted of 22 sections, each with a slab
thickness of 10 mm. Different diameter plastic
beads were used to represent lung nodules of
different sizes. The plastic beads were divided in to

5 groups: 1-2 mm, 3-4 mm, 5-6 mm, 7-8 mm and
9-10 mm. Figure 1 shows a phantom with plastic
nodules and representative images from each
scanning modality. A total of 34 phantom models
with different sizes and numbers of nodules were
created. The number of nodules in each model
ranged from none to 20. The nodules’ position and
size were randomized using a standard random
number generator. The CXR, CDT and CT scans
of each phantom experiment were all done on the
same day.

Imaging techniques: Posteroanterior CXR was
performed at 120 kV and 320 mA using digital
radiography (Definium 8000; GE Healthcare,
Chalfont St. Giles, England.). CDT used Volume
RAD software (GE Healthcare) to collect sixty
low-dose projection images at a tube voltage of
120 kV within 11 seconds with a fixed detector
and continuous vertical movement of the x-ray
tube from -17.6 to +17.6 degrees around the
standard orthogonal posterior anterior position.
Sixty coronal images were obtained with a nomi-
nal thickness of 4 mm without overlap. Multide-
tector CT (MDCT) examinations were performed
with a 16-channel scanner (Aquilion 16, Toshiba,

Figure 1. (A) Nodules in the chest phantom; (B) nodules in chest radiograph; (C) nodules in chest digital tomosynthesis

image; (D) nodules in CT image
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Tochigi-Ken, Japan) following the standard proto-
col of the author’s department. The scan parame-
ters were 120 kV and 180-500 mA; each section
thickness and interval was 1.0 mm. Axial and
coronal images were reconstructed with a 5 mm
thickness and interval. All images were saved
using a picture archiving and communication
system (CMUPACS, Faculty of Medicine, Chiang
Mai University, Chiang Mai Thailand).

Detection Study: Softcopy DICOM images
were evaluated on a Panacea workstation (version
2.0.1, Bangkok, Thailand) by two thoracic radio-
logists, one with 13 years (JE) and one with 2
years of experience (YW), who knew only that
there were either none or multiple nodules in
each model. They were allowed to adjust window
width, window level, pan, and zoom and to mark
detected nodules as desired. To avoid recall bias,
images were divided into 3 groups based on
modality; the order of presentation of the images
was randomized using a standard random number
generator. Each radiologist independently inter-
preted CXR, CDT and CT images in that order.
Any questionable nodules were discussed by
the two radiologists to reach a final agreement.
Figure 2 shows detected nodules on images of
each modality.

Statistical analysis

Marked nodules from the CXR, CDT and
CT images were compared with the actual
nodular locations and classified as either detected

or undetected nodules. The percentage of nodules
detected with each modality was calculated
using SPSS software (SPSS version 16; SPSS,
Chicago, IIl). Differences between detection
percentages with each modality and differences
between the two observers were analyzed by
comparison of proportion using MedCalc version
11 (MedCalc Software; Mariakerke, Belgium).

Results

Summaries of the detection of the 332 nodules
in the 34 phantom models with each modality are
shown in Figures 3 and 4. The overall detection
rates were 98.8% with CT, 91% with CDT and
75.3% with CXR. With CT, all nodules larger
than 2 mm were detected (100% detection) and
93.7% of the 1-2 mm nodules were detected. CDT
detection rates increased with nodule size, from
82.5% for 1-2 mm nodules to 98.3% for 9-10 mm
nodules. With CXR, the detection rate was 52.4%
for 1-2 mm nodules and 89.8% for 9-10 mm
nodules. The detection rate with CT was signifi-
cantly higher than with CXR; CT showed better
nodular detection than CDT only for 3-4 mm
nodules (Table 1). Detection rates of all but one of
the nodular groups with CDT were significantly
higher than with CXR (p <0.05). The exception
was 9-10 mm nodules, where the difference was
not significant. The locations with lower detection
rates on chest radiographs were the hilum and the
retrocardiac areas (Figure 5), while a blind area
of CDT was the costophrenic sulcus (Figure 6).

VRN

Figure 2. Small nodules as circles and rectangles: (A) chest radiograph; (B) chest digital tomosynthesis; (C) coronal

CT - lung window
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Figure 4. Percentage of nodules detected by modality and nodule size

Table 1. Detection rates with different modalities

Nodule size Dif (%) 95% CI p-value Dif (%) 95% CI p-value Dif (%) 95% CI p-value
1-2 mm 30.10 12.84-45.57%  0.0006 41.30 25.64-55.05% <0.0001° 11.20 -1.20-23.71%  0.0957
3-4 mm 15.30 0.94-29.12% 0.0424 29.20 17.91-41.1% <0.0001" 13.90 5.28-24.08%  0.0032"
5-6 mm 10.80  -0.09-21.91%  0.0641 16.20 7.23-26.59% 0.0009" 5.40 -0.84-13.26%  0.1287
7-8 mm 14.10 1.37-26.83%  0.0364*  20.30 9.68-32.21% 0.0004" 6.20 -0.98-15.17%  0.1301
9-10 mm 8.50 -1.25-19.30%  0.1182 10.20 1.42-20.87% 0.0357" 1.70 -4.58-9.09% 0.9976

Dif; difference ; p; p-value, 'significance at p <0.0
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A

Figure 5. The small nodule was identified on only with chest digital tomosynthesis (B) and coronal CT images — lung
window (C) (circles). It was not detected with the chest radiograph (A). The nodules were in the superior retrocardiac

region.

RS

A

B C

Figure 6. The small nodule in the right costophrenic sulcus (circle) was detected with coronal CT - lung window image

(C), but was not with the chest radiograph (A) or the chest digital tomosynthesis image (B).

Agreement rates between the two observers were
94% for CT, 88.3% for CDT and 86.7% for CXR.

Discussion

CXR, since it is available worldwide and easy
to perform, is still a key in the diagnosis of many
thoracic diseases. In this digital era of rapid tech-
nological advances, many techniques, including
both hardware and software, are developed with
the aim of overcoming the limitations of chest
radiographs, e.g., flat-panel detector systems and
computed radiographs replacing conventional
film, improved visual presentation techniques
and soft-copy reading, and automated diagnostic
interpretation including computer-aided detec-
tion (CAD). New image post-processing tech-
niques include edge enhancement and multifre-

quency processing. Among recent developments
in applications to improve interpretation are dual
energy subtraction, temporal resolution subtrac-
tion and digital tomosynthesis (8).

As treatment of lung cancer in the early stages
provides the best benefit, many researchers have
actively sought a better early detection screening
test. Recently, the use of CT images as a screening
test for lung cancer has been approved. However,
the cost and radiation dose of CT are both still
high. Multiple techniques to improve chest radio-
graphs have also been created, including digital
tomosynthesis. Vikgren J, et al. (9) showed that
the most effective tomosynthesis dose is 0.12 mSv.
That is approximately two times higher than
standard PA and lateral examinations (0.06 mSv)
(6), but about 30 times lower than CT examina-
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tions (4-7 mSV) and about 12 times lower than
low dose CT scans (1.5 mSV) (10). Identification
of small nodules is important for early detection
of lung cancer. The important cutoft point is
nodules of about 4 mm diameter (11). This study
determined that the overall detection rate with
a CT image was the highest, followed by CDT
and CXR. There was no statistically significant
difference in the detection rate between CT and
CDT for nodules 5-6 mm, 7-8 mm and 9-10 mm
in diameter. With smaller nodules (1-2 mm and
3-4 mm), the detection rate using a CT scan was
better than digital tomosynthesis. In addition,
both CT and CDT showed a better detection rate
than CXR. Nodules of 1-2 mm were difficult to
see with all modalities; CXR revealed only 52.4%,
CDT found 82.5% and CT scan detected 93.7%.
These findings are similar to a study by Vikgren J,
et al. (9) which reported that the difference in
detection percentage between CDT and CT was
not statistically significant but that CDT and
CT both had a higher sensitivity than CXR for
detecting nodules smaller than 9 mm. A study by
Triphuridet N, et al. reported that the sensitivity
of CDT is comparable to low-dose computed
tomography (LDCT), particularly for pulmonary
lesions larger than 10 mm (12).

Since it takes longer to analyze a CT scan than
a CDT scan, it may be cost-effective to search for
nodules with CDT before studying the details
and morphology of nodules using CT. CDT may
also be helpful for follow-up during the treatment
period or in searching for lung metastases.
Currently, there are many applications of tomo-
synthesis for various clinical tasks, including
angiography, chest imaging, mammography, den-
tal imaging and orthopedic imaging (13-14).

There were some limitations in this study.
The in-house simple phantom models lacked
the complex bronchovascular markings and the
mediastinal structures which frequently obscure
lesions in patients. Also, the authors did not
directly measure the radiation dose of each
modality. As this was the first study using the
digital tomosynthesis software at this institution,
the protocol used was based on available commer-

cial protocols rather than a protocol designed
specifically for the study. It is still necessary to
discover and refine specific diagnostic techniques
prior to clinical use.

Conclusions

The average overall nodule detection rates
with CXR, CDT and CT were 75.3%, 91.0% and
98.8%, respectively. Both CDT and CT have a
higher detection rate for small nodules than
CXR; that difference is statistically significant for
nodules less than 8 mm diameter. There is no s
tatistical difference between CDT and CT detection
rates for nodules of 5-10 mm.
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