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Usefulness of Bone Suppression Image Based Temporal Subtraction Processing for the
Improvement of Lung Nodule Detection on Chest X-ray Images
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[Abstract]

Chest x-ray (CXR) is the most commonly used diagnostic examination in lung cancer screening. The temporal subtrac-
tion processing of CXRs using computer-aided diagnosis (CAD) software is a technique in which a previous CXR is used
to enhance evaluation of changes in the intervening time. However, if the superpositioning of the two images is not ac-
curate, excessive misregistration artifacts will make it difficult for radiologists to differentiate between true changes and
simple artifacts. In this study, we tried to use bone suppression processing as a method to reduce artifacts when the de-
tection of the lesion becomes difficult due to the occurrence of artifacts between two images. The contrast-to-noise ratio
(CNR) of the temporal subtraction processing image with and without bone suppression processing were calculated
and compared based on several positioning including anterior inclination, lateral inclination, RAO, and LAO. CNRs were
improved with bone suppression processing with statistical significance.
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Fig.1 Mounting position of simulated nodule

@ Left under the clavicle @ Left edge of the heart
B Right lobumediusu, middle lobe @ Right hilus pulmonis

Fig.2 ROI setting
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Fig.3 CNR with and without BS of all Simulated Nodules

(a) Anterior inclination position (b) Right anterior oblique position (RAO) (c) Left anterior oblique position (LAO)
(d) Right lateral inclination position (e) Left lateral inclination position
1. Temporal Subtraction images 2. Temporal Subtraction images with Bone Suppression
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Table1 Value of CNR for each simulated nodule on
Temporal Subtraction images with and with-
out Bone Suppression.

(a) Anterior inclination position

(b) Right anterior oblique position (RAO)

(c) Left anterior oblique position (LAO)

(d) Right lateral inclination position

(e) Left lateral inclination position

Simulated
Nodule @ @ ® @

Ave/Std Ave Std Ave Std Ave Std Ave Std

*p<0.05 p=0.15 p=0.11

WWW*‘

TS images without BS =TS images with BS

CNR

TS images
without BS 1.51 0.11 1.11 0.88 1.37 0.47 1.50 0.28

TS images
with B 1:66 0.05 1.49 0.65 2.07 0.24 2.08 0.28

Improvement
rate (%) 10.2 34.5 51.0 38.1
(a)
Simulated
Nodule @ @ ® @
Ave/Std  Ave Std Ave Std Ave Std Ave Std

TS images
without BS 1-45 0.20 1.71 0.57 1.62 0.21 1.37 0.25

TS images
with B 1-78 0.12 1.96 0.46 1.75 0.36 1.84 0.32

Improvement
rate (%) 22.8 14.7 8.3 34.7
(b)
Simulated
Nodule @® @ ® @
Ave/Std Ave Std Ave Std Ave Std Ave Std

TS images
withoutBS 127 0.24 1.19 0.81 1.69 0.09 1.20 0.46

TS images
withBs ~ 1-79 0.24 1.36 0.73 1.87 0.11 1.94 0.54

Improvement
rate (%) 40.3 14.2 10.1 61.6
(o)
Simulated
Nodule @ @ ® @
Ave/Std  Ave Std Ave Std Ave Std Ave Std

TS images
without BS 1-82 0.20 1.86 0.63 1.94 0.15 1.77 0.18

TS images
with BS 1.98 0.27 1.91 0.56 1.87 0.46 2.43 0.38

Improvement
rate (%) 9.2 2.8 -3.7 37.2
(d)
Simulated
Nodule © @ < @
Ave/Std  Ave Std Ave Std Ave Std Ave Std

TS images
without BS 2-12 0.38 1.98 0.49 1.97 0.17 2.01 0.43

TS images
with BS 205 0.30 2.28 0.23 2.29 0.22 2.17 0.27

Improvement 33 15.1 15.9 8.4

rate (%)
(e)

Fig.4 Comparison of CNR for Temporal Subtraction
images with and without Bone Suppression
of four position. Mean value and standard
deviation of CNR.
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