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Development of CAD Based on ANN Analysis of Power Spectra for Pneumoconiosis
in Chest Radiographs: Effect of New Enhancement Methods with Texture Feature,
Top-hat Transformation, and Window Functions

Eiichiro Okumura,' Ikuo Kawashita,? and Takayuki Ishida?

'Department of Medical Radiological Technology, Kagoshima Medical Technology College
*Department of Clinical Radiology, Hiroshima International University

Background:

We have been developing computer-aided detection (CAD) scheme for pneumoconiosis based on a rule-based plus artificial
neural network (ANN) analysis of power spectra. In this study, we have developed a new three enhancement methods for the
abnormal patterns in order to reduce false positive and false negative.

Evaluation:

The image database consists of 2 normal and 15 abnormal chest radiographs. The ILO standard chest radiographs with pneu-
moconiosis were categorized as profusion, size and shape of pneumoconiosis. Region of interests (ROIs) with a matrix size of
32x32 were selected from normal and abnormal lungs. Three abnormal enhanced methods were obtained by the window function,
top-hat transformation, and gray-level co-occurrence matrix (GLCOM) analysis. On the GLCOM analysis for the pixel, we
obtained energy, entropy, contrast, and correlation. Then, we calculate the power spectrum (PS) of all ROIs by Fourier transform.
For the classification between normal and abnormal ROIs, we applied with the combined analysis by use of ruled-based plus ANN
method. To evaluate the overall performance of this CAD scheme, we employed the ROC analysis for distinguishing between
normal and abnormal ROIs. On the chest radiograph with the highest categories (severe pneumoconiosis) and the lowest categories
(early pneumoconiosis), this CAD scheme achieved an area under cure (AUC) value of 0.93 and 0.76.

Discussion:

The classification performance with the rule-based plus ANN method by use of each enhanced method was low level because
of the false negative and false positive ROIs. However, the combined rule-based plus ANN method with three abnormal enhanced
methods was obtained highest classification performance to distinguish between abnormal and normal ROIs. Because the new
abnormal enhanced methods could be decreased false positive and false negative ROIs.

Conclusion:

We have developed CAD system by using abnormal enhanced methods for the classification of pneumoconiosis on chest
radiographs. Our CAD system based on the new abnormal enhanced methods would be useful to assist radiologists in the classifi-
cation of pneumoconiosis.
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Need for Radiation Safety Education for Interventional Radiology Staff

Yoshiaki Morishima,"? Koichi Chida,? Yoshiaki Katahira,’ Hiroo Chiba,'
Hatsue Seto,* and Koichi Tabayashi®

'Department of Radiology. Tohoku Kosei-Nenkin Hospital

‘Department of Radiological Technology, Tohoku University School of Health Sciences
‘Department of Cardiovascular Center, Tohoku Kosei-Nenkin Hospital

‘Department of Nurse, Tohoku Kosei-Nenkin Hospital

Purpose/Aim:

- To show the need for appropriate radiation safety education for interventional radiology (IR) staff to reduce radiation doses.

- To demonstrate the importance and efficacy of radiation safety education for IR staff, especially nurses.

- To present the necessity for continuing (periodical) radiological protection training for IR staff.

Content organization:

Evaluating the radiation safety knowledge of IR staff, especially nurses

- Many IR staff were interviewed and completed questionnaires.

- Staff radiation doses were measured using personal dosimeters.

Practice of radiation safety education for IR nurses

- An annual course on basic radiation safety was given.

- The efficacy of radiation safety education was evaluated.

The course content should include basic principles

- Radiation physics.

- Monitoring procedures, etc.

Summary:

Radiation safety training for IR staff is important. We gathered information on radiation safety education from many IR staff
(nurses) through a questionnaire. We also evaluated the radiation doses to IR nurses. The results indicated that IR nurses had insuf-
ficient radiation safety knowledge. To reduce IR nurse radiation doses, appropriate radiation safety education is required. Further-
more, we believe that radiation safety education for IR nurses will help to improve the care of IR patients.
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Accuracy of MDCT Assessment of Coronary Stent Lumen and Vessel Stenosis with
Model-Based Iterative Reconstruction, Adaptive Statistical Iterative Reconstruction,
and Filtered Back Projection: A Phantom Study

Naoki Nagasawa, Kakuya Kitagawa, Akio Yamazaki, Katsutoshi Nakamori,
Hiroaki Maki, and Hajime Sakuma

Department of Radiology., Mie University Hospital

Purpose:

The purpose of this study was to evaluate the accuracy of in-stent lumen measurement and stenosis quantification by 64-slice
Multi Detector-row Computed Tomography (MDCT) reconstructed with model-based iterative reconstruction (MBIR), adaptive
statistical iterative reconstruction (ASIR), and filtered back projection (FBP) by comparing with known dimensions of stents and
vessel phantoms.

Method and Materials:

Three coronary artery stents (PROMUS-3.0 mm, Cypher-3.0 mm, and TSUNAMI-2.5 mm) and three acrylic vessel phantoms
filled with contrast fluid (350 HU) and surrounded by water were scanned by using 64-slice MDCT (Discovery CT750HD, GE,
USA). The vessel phantom had reference site diameter of either 2, 3, or 4 mm, and each phantom had concentric stenoses of 25%,
50%, and 75% in diameter (diameter of stenotic portion ranged between 0.5 and 3.0 mm). Images were reconstructed using MBIR,
ASIR, and FBP. Two independent observers measured in-stent diameter of coronary stents and diameter stenosis of vessel phan-
toms at five different locations.

Results:

Mean error from the true diameter of in-stent lumen was smaller with MBIR (0.49+0.31 mm) compared to ASIR (1.07£0.35 mm,
p<0.001) and FBP (1.00+£0.43 mm, p<0.001) because of less blooming and beam-hardening from stent struts. No difference was
observed between ASIR and FBP (p=0.61). In the vessel phantoms, MBIR demonstrated smaller mean error from the true diameter
(0.13£0.09 mm) in comparison with ASIR (0.25+0.14 mm, p<0.001) and FBP (0.20£0.13 mm, p=0.001), resulting in more accurate
quantification of diameter stenosis (mean error from true stenosis=5.2+4.2% with MBIR, compared to 10.9+7.7% with ASIR,
p<0.001, and 11.5£7.6% with FBP, p<0.001).

Conclusion:

MBIR allowed better visualization of in-stent lumen and more accurate evaluation of diameter and diameter stenosis
compared to ASIR and FBP in this phantom study.
Clinical relevance/Application:

MBIR appears superior to ASIR and FBP for the MDCT assessment of vessel stenosis and in-stent lumen, and may be highly
useful in patients after stent placement and those with heavily calcified vessels
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Computerized Identification of Osteoporotic Patients on Panoramic Radiographs:
The Challenge of Developing a Supplemental Screening Pathway for Detecting
Asymptomatic Patients

Tatsuro Hayashi,' Takuya Matsumoto,' Takeshi Hara,' Akitoshi Katsumata,*> Chisako Muramatsu,'
Xiangrong Zhou,' Yukihiro lida,> Masato Matsuoka,’ Kiyoji Katagi,® and Hiroshi Fujita'

'Department of Intelligent Image Information, Division of Regeneration and Advanced Medical
Sciences, Graduate School of Medicine, Gifu University

‘Department of Oral Radiology, Asahi University School of Dentistry

’Radiological Technology, Asahi University Hospital

Purpose:

To identify asymptomatic osteoporotic patients is the challenging task and the essential first step in diagnosing osteoporosis.
Panoramic radiographs are widely used in dentistry. Findings of panoramic images have shown that the mental index (MI), which
is the mean of the widths of the lower border cortex below the two mental foramina, may be useful as the radiomorphometric indi-
cator of possible osteoporotic patients. However, general dentists are unfamiliar with reading MI. The aim of this study was to
implement a computer-aided scheme for measuring MI on panoramic images and to evaluate its clinical utility.

Methods and Materials:

We developed a computer-aided scheme consisting of mandibular contour extraction, estimation of the positions at mental
foramina, MI measurement, and identification of osteoporotic patients without user interaction. Panoramic images were taken with
the standard positioning of the head such that the Frankfort horizontal plane was used as a reference line. The automatic mode was
used to control the x-ray exposure. The resultant DICOM images were stored on a computer, and the proposed scheme was applied
to 67 images (15 osteoporotic cases and 52 control cases).

Results:

The average measurement error of MI obtained by the proposed scheme and a dental radiologist was 0.2 mm. Sensitivity and
specificity in the detection of thin mandibular cortex using the proposed scheme was 96% and 82% when the threshold for identi-
fying osteoporosis was set to MI<2.8 mm. To evaluate the clinical utility of our scheme, a preliminary clinical trial at one dental
clinic is currently in progress. Until now, some asymptomatic patients with osteoporosis were detected.

Conclusion:

A computer-aided scheme for measuring MI on dental panoramic radiographs was implemented. The experimental results
suggested that our scheme had the potential to identify asymptomatic osteoporotic patients.
Clinical Relevance/Application:

A new (supplemental) screening pathway via routine dental panoramic radiographs has a potential to detect asymptomatic
osteoporotic patients.
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Evaluation:

Noise-property Advantage of Super High-resolution Liquid Crystal Display Using
Independent Sub-pixel Driving Technology

Asumi Yamazaki," 2 Katsuhiro Ichikawa,® Masao Funahashi,' and Yoshie Kodera?

'Department of Medical Technology, Osaka General Medical Center
*Graduate School of Medical Sciences, Nagoya University
Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University

Image diagnosis using liquid crystal displays (LCDs) has been widespread. Recently, super high-resolution LCDs using a new
technology called independent sub-pixel driving (ISD) were developed. Although the ISD improved spatial resolution to three
times in one direction, it also would affect noise property of displayed images.

‘We measured overall Wiener spectra (WS) of displayed X-ray images on a monochrome 5 mega-pixels (MP) LCD with and
without ISD. With ISD in vertical direction, the LCD operated as a 15 MP LCD. The magnifications, which were equal to sub-
sampling rates, were from pixel-by-pixel mode (100%) to 11%. The image reductions were performed by bilinear interpolation. The
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raw data.
Discussion:

Conclusion:

matrix size.

displayed screen was captured by a high-resolution digital camera, and WS of luminance variance were obtained from the camera

At 75 and 51-% magnifications, WS with and without ISD had almost no differences in low frequency. But WS without ISD
was lower than that with ISD in more than 2 cycle/ mm. At under 35-% magnifications, WS without ISD were higher than those
with ISD in low frequency. In more than about 2.3 cycle/millimeter, conversely, WS without ISD were lower than those with ISD.
Sub-sampling rendering of ISD suppressed noise increments by aliasing errors, and caused lower WS in low frequency. The effects
were more remarkable in more reduced magnifications. However, since modulation transfer function of the LCD without ISD has
no values at more than 2.4 cycle/ mm, it caused lower overall WS without ISD in high frequency.

The super high-resolution LCD with ISD enabled to suppress noise increment by aliasing error at displaying of reduced imag-
es, and realized lower noise-image displaying. The advantage of not only less information loss but noise property would be effec-
tive in image diagnosis such as digital mammography which needs considerable reduced sub-sampling processing because of large
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