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Computer Aided Detection of Nodules in Chest Radiographs
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Abstract

Chest x-ray images are widely used for their convenience,
but interpreting chest images is difficult. Images of many
components such as bones, blood vessels, and the heart are
superimposed, and a wide variety of conditions must be diag-
nosed. Because of this, chest images are a field in which com-
puter-aided diagnosis is particularly beneficial. To assist inter-
pretation, we developed bone suppression processing that
suppresses signals of ribs and clavicles in chest images. This
lessens the chance of overlooking conditions due to subtle
chestimages, and it reduces false positives.

Twenty doctors participated in an observer performance
study to evaluate the effectiveness of our bone suppression
processing. In the study, we compared performances in 40
normal cases and 40 nodule cases (< 30 mm). Using bone
suppression processing, the average area under the receiver
operating characteristic (ROC) curve improved from 0.87 to
0.90 with statistical significance. We grouped the doctors
into two groups based on diagnosis experience. Doctors
with ten or fewer years experience benefitted the most from
bone suppression processing.

In this paper, we give an overview of our bone suppression
algorithm, which can robustly and selectively suppress sig-
nals of ribs and clavicles. We also present our new system, in
which original and bone suppressed images can be viewed
interchangeably without changing workflow. We also intro-
duce examples of incorporating the bone suppression sys-
tem with our console system, Unitea a, and we discuss our
PACS viewer, I-PACS EX.
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Table 1 Dual energy subtraction and bone suppression.

Dual energy
subtraction
(Two shot method)

Bone suppression

Purpose | To improve To improve
visibility of visibility of
lesions behind lesions behind ribs
bones and bone and clavicles.
lesions.

Method Bone and Ribs and clavicles
soft-tissue images | are recognized from
are made by two their anatomical
exposures, one of features using
low voltage and one | image recognition
of high voltage, technology,
based on the allowing signals
patient's from the bones to
permeability of suppressed.
radiation.

Price Expensive because | Inexpensive
a special exposure | because no special
device is required. | exposure device is

required.

Earlier Inapplicable to Applicable to

image earlier images. earlier images.

Exposure | Large amounts of Equivalent to a
exposure due to two | single regular

exposures. exposure.
Image Due to two Bone recognition
quality exposures, motion errors are seldom.

Normal tissue
running in the same
direction as
accompanying bone
may possibly be
suppressed.

blur occurs. Image
quality is
susceptible to
body size of the
patient.
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Original image

Bone suppressed image

Fig. 1 A posterior-anterior chest image with a nodule (above) and a
bone suppression image of the posterior-anterior chest image
(below).
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INPUT: Original image

Preprocessing

Lung detection

Bone recognition

Bone signal suppression

OUTPUT: Bone suppressed image

Fig. 2 The flow of bone suppression processing.
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Original image

Bone suppressed image

Fig. 3 A nodule overlapped with a posterior rib.
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Table 2 Observer detection study.

ltem Content

Method - Sequence test
with a continuous confidence-rating scale
- Viewer: ROCViewer V11.4.0.7 10

Analysis - ROC (receiver operating characteristic) analysis
Rockit V0.9.1 & DBM MRMC V2.2
» LROC (localized ROC) analysis

Observers
e

Pulmonology
residents

Experienced
pulmonologists 3 4 7

Total 9 1 20
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Fig.4 ROC curves for detection of nodules by all observers. Detection
capability is higher with bone suppression processing than
without.
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Fig. 5 Receiver operating characteristic curves for detection of nodules
by experienced pulmonologists and inexperienced residents. With
each, detection is higher with bone suppression processing.
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B8 : AUC for standard image
[ :increase in AUC with BSI image
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Fig. 6 Comparison of area under the curve for the localized ROC curves
by all observers. In the interpretation of radiographs using bone
suppression processing, doctors with less diagnosis experience
(B) improved more than those with more experience (A).
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[§initea

Fig. 7 The Unitea a console system, a product in which bone suppres-
sion processing is incorporated. The Unitea a is Konica Minolta’s
original all-in-one solution, combining reliability and superior
throughput.
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Fig. 8 Because the original image and the bone suppressed image are
captured from the same viewpoint, the radiologist can readily dis-
cern what bone suppression processing reveals.
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I-PACS

Fig. 9 BS processing will have been used with I-PACS EX, in which a rapid
diagnostic environment is realized with various monitors that
provides abundant functionality and simple operation.
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