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Abstract
Objectives. To develop a simple image viewer that utilizes
image files in general-purpose formats that are written from
the original 3DX volume data.
Methods. We used FLASH MX2004 for Macintosh to de-
velop a simple image viewer. In developing the software for
the simple image viewer, we decided that the viewer should
provide the following features: (1) be available to both
Windows OS and Mac OS, (2) allow interlocking of the 3D
images, (3) display image enlargement, and (4) allow dis-
tance measurements. The accuracy of the distance measure-
ments was evaluated.
Results. The procedure was as follows: (1) write 3D images
in jpeg format to a folder on i-VIEW; (2) place the folder
containing the 3D images into the directory of the simple
image viewer software on a PC; (3) start the software and
open the window to input the folder name containing the
3D images; and (4) display the 3D images. Our viewer had
features such as image enlargement, interlocking 3D im-
ages, drawing, and distance measurements. No significant
differences were shown between the measurements made
by our simple viewer and the actual values of the images in
any direction.
Conclusions. Our image-viewing software for 3DX is
beneficial for clinical use.
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Introduction

A small radiation field X-ray Computed Tomography (CT)
system, 3DX multi-Image Micro CT (3DX; J. Morita,
Kyoto, Japan)1–3 which was developed by Arai et al. (1998),
is very effective for radiological diagnosis in oral and max-
illofacial surgery and otolaryngology as well as in dentistry.
The use of this equipment has been spreading in university
dental hospitals and in general dental clinics because the
radiation dose is substantially lower than with conventional
medical CT.4,5

3DX uses cone-beam X-rays, rotates 360° around a sub-
ject, and irradiates for 17s to obtain imaging volume data.6

Arbitrary three-directional (horizontal, sagittal, and coro-
nal) images are then reconstructed from the data for use in
managing apical lesions, dental implants, impacted teeth,
and temporomandibular joints.7–9

Three-dimensional (3D) images are reconstructed by the
i-VIEW dedicated viewer software on a PC connected to
the 3DX. i-VIEW allows the user to set the angle and thick-
ness of slices, and it is also possible to interlock the three-
directional (horizontal, sagittal, and coronal) reconstructed
images on i-VIEW. i-VIEW is an integrated image-
processing software that provides various image-processing
functions such as a displaying histograms, distance and
angle measurements, and density measurements.

We have used 3DX since July 2004 and have examined
about 500 patients. The diagnosis reports and the image
data should be submitted to the client’s department; how-
ever, the images in raw data format cannot be observed
without the i-VIEW software. The client must purchase
expensive software. i-VIEW has made it possible to write to
magneto-optical disk or CD-R in a variety of general-
purpose formats such as JPEG, DICOM, PICT, and TIFF,
but each of the three-dimensional (horizontal, sagittal, and
coronal) images is output as a single image file; a total of 114
images are created for a slice thickness of 1mm. It is difficult
to find the required image among this enormous number of
images. Although we add the file name of a key image to the
diagnosis report, clients are still unable to observe images of

T. Kagawa (*) · F. Fukunari · T. Shiraishi · M. Yamasaki ·
T. Ichihara · Y. Kihara · R. Zeze · K. Yuasa
Section of Image Diagnostics, Department of Diagnostics and
General Care, Fukuoka Dental College, 2-15-1 Tamura, Sawara-Ku,
Fukuoka 814-0193, Japan
Tel. +81-92-801-0411; Fax +81-92-801-4979
e-mail: kagawat1@college.fdcnet.ac.jp

K. Nogami
Section of Anaesthesiology, Department of Diagnostics and General
Care, Fukuoka Dental College, Fukuoka, Japan

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.3 785.2 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



48

the lesion in 3D, thereby negating the benefits of the 3DX.
It was not cost effective to install i-VIEW in each client’s
department. Writing data to CD-Rs in a general-purpose
format was the most realistic option. Therefore, we decided
to develop a simple image viewer for 3D image observation
that utilizes the image files in general-purpose format writ-
ten from the original volume data.

Methods

We used FLASH MX2004 for Macintosh (Macromedia,
San Francisco, CA, USA) and a Power MAC G4 (Apple
Computer, Cupertino, CA, USA) to develop the simple
image viewer.

We resliced the images with a 1-mm slice thickness from
the 3D imaging volume data for optimal viewing on i-VIEW
and wrote these images in an 8-bit JPEG format. It would
be ideal to write out data in an uncompressed or a reversibly
compressed image format, but we used irreversibly com-
pressed JPEG because the FLASH MX2004 software only
supports the JPEG image format.

In developing the software for the simple image viewer,
we decided that the viewer should provide the following
features:

be available to both Window OS and Mac OS
permit interlocking of 3D images
display image enlargements
allow distance measurements.

We evaluated the accuracy of the measurement feature
using a test phantom of four columns that we created (Fig.
1). After imaging the test phantom, we measured the length
of four columns on a radiogram by i-VIEW and with our

simple viewer and compared the measurements to the ac-
tual lengths measured with vernier calipers. Three dentists
and two radiological technicians performed the measure-
ments five times each.

The measurement values from the five observers were
compared to assess interobserver agreement, which was
expressed as Kendall’s coefficient of concordance. We then
analyzed the measurement results statistically using the
Dunnett test. A P value of less than 0.05 was considered
statistically significant. Statistical analyses were performed
with the statistical software SPSS, ver.10.01 (SPSS, Chicago,
IL, USA).

Results

Procedure

1. Write 3D images in JPEG format to a folder on i-VIEW.
2. Place the folder that contains the 3D images into the

directory for the simple image viewer software on a PC.
3. Start the simple image viewer software, and open the

window to input the folder name that contains the 3D
images (Fig. 2).

4. Display the 3D (horizontal, sagittal, and frontal) images
(Fig. 3).

The simple viewer can be used on either Windows-OS or
Mac-OS because FLASH supports multiple platforms.

Displaying the 3D images

Three (horizontal, sagittal, and coronal) directional images
are displayed in a single basic window of the software, as in

Fig. 1. Test phantom consisting
of four acrylic columns of
different lengths
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i-VIEW. Crosshairs on each image can be dragged in any
direction to display different parts of the reconstructed im-
ages, allowing the observation of interlocked images in each
direction (Fig. 3). The crosshairs can be hidden while ob-
serving the images. The file names of the images currently
shown in the window are displayed next to the images,
making a file search easy. Windows can be maximized or
minimized.

Enlargement and drawing features

By clicking the [Max] button next to an image in the basic
window, the image is enlarged to the full screen (Fig. 4).

When the image is enlarged, the mouse can be used to draw
freely on the image by clicking and dragging the cursor (Fig.
4). This feature is useful when explaining the image to a
patient.

Distance measurement feature

Clicking the measurement button in the basic window
opens the measurement window. By dragging the crosshair
cursor in an arbitrary area in the window, the distance be-
tween two points can be measured (Fig. 5). Two distances
can be measured at one time.

Fig. 2. Folder name input window. Input the name of the folder that
stores the image data to the field in the window. Then, click the [View]
button to open the image display window

Fig. 3. Image display window. 3D (horizontal, sagittal, and frontal)
images can be displayed. Crosshairs on each image can be dragged to
display different parts of the reconstructed images, allowing the obser-
vation of interlocked images in each direction

Fig. 4. Enlarged display window. When an image is enlarged to full
screen, the mouse can be used to draw on the image by clicking and
dragging the cursor

Fig. 5. Distance measurement window. By dragging the crosshair
cursor within an arbitrary area in the window, the distance between
two points is measured. Two distances can be measured at a time
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The actual, i-VIEW, and our viewer’s respective W
values in Kendall’s coefficient of concordance were 1 (P =
0.001) for the measurements of the lengths of four columns
on a radiogram. No significant differences were observed in
the measurement values between our simple viewer, i-
VIEW, and the actual lengths of the four columns of our
phantom (Dunnett test; Table 1).

Discussion

Although the newly developed simple image viewer de-
signed for 3DX has a very simple structure, it provides the
minimum features required for clinical practice. It allows
3D image observation in a department or dental clinic with-
out the need for a dedicated, expensive copy of i-VIEW,
and is very useful. Our viewer can open multiple folders at
a time, thereby providing a means for easily comparing
measurements before and after an operation (Fig. 6).

Currently, we submit a CD-R that stores the image data
of every clinical case, the viewer, and the diagnosis report to
the client’s department. However, the images at any angle
for optimum viewing must be resliced in i-VIEW in ad-
vance, because the images cannot be reconstructed by our
viewer. Therefore, it is necessary to understand the purpose
of the 3DX examination in each case. We have had to
restructure images on i-VIEW in some cases owing to the
lack of communication with a client physician.

Furthermore, our viewer has the following disadvan-
tages, although these are scheduled to be improved in
future revisions:

1. The contrast and brightness cannot be changed.
2. The pitch of the reconstructed images is set at 1mm.
3. Only horizontal sections can be rotated.

Conclusion

We have developed a simple image viewer for 3DX that
allows 3D image observation in an environment with no
dedicated viewer for 3DX. This software is useful for clini-
cal use when image density, contrast, and the direction of
the slices are reconstructed in advance in i-VIEW, the dedi-
cated viewer for 3DX.
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