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serially sectioned images (SSIs) of a whole human body. Thereafter, more than 700 structures
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in the SSIs were outlined to produce detailed segmented images; the SSIs and segmented
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images were volume- and surface-reconstructed to create three-dimensional models. For
outlining and reconstruction, popular software (Photoshop, MRIcro, Maya, AutoCAD, 3ds

Keywords:

max, and Rhino) was mainly used; the technique can be reproduced by other investigators

Medical applications

for creating their own images. For reﬁning the segmentation and volume reconstruction,

Visible Korean Human

the VOXEL-MAN system was used. The continuously upgraded technique was applied to a

Serially sectioned images

female cadaver’s pelvis to produce the SSIs with 0.1 mm sized intervals and 0.1 mm × 0.1 mm

Segmented images

sized pixels. The VKH data, distributed worldwide, encouraged researchers to develop virtual

Three-dimensional models

dissection, virtual endoscopy, and virtual lumbar puncture contributing to medical education and clinical practice. In the future, a virtual image library including all the Visible Human
Project data, Chinese Visible Human data, and VKH data will hopefully be established where
users will be able to download one of the data sets for medical applications.
Crown Copyright © 2008 Published by Elsevier Ireland Ltd. All rights reserved.

1.

Introduction

In the United States, serially sectioned images (SSIs) of the
whole human body, namely Visible Human Project data, were
made with male and female cadavers [1,2]. The SSIs with high
resolution and real body color can be the source of realistic
three-dimensional (3D) models, which differs from alternative
images such as CTs and MRIs. The 3D models, reconstructed
from the SSIs, are very helpful in medical education tools for
medical students and in interactive clinical simulation systems for medical doctors [3–5]. The Visible Human Project was
the ﬁrst trial ever started to obtain SSIs of complete cadavers.

The key technique for obtaining SSIs with equal or less than
1 mm intervals was to grind off the cadaver not to manufacture
slices [1]. Furthermore, techniques used for the Visible Human
Project were modiﬁed in Korea for the Visible Korean Human
(VKH) [6,7] and in China for the Chinese Visible Human [8,9].
The equipments and techniques were applied even to serialsectioning of animals: A dog in Germany [10], a pig in China,
and a chicken in the United States. The techniques include
not only serial-sectioning to make sectioned surfaces but also
photographing to obtain SSIs, outlining structures to acquire
segmented images, applying volume and surface reconstruction to build 3D models. For the VKH, the whole body of a male

∗

Corresponding author. Tel.: +82 31 219 5032; fax: +82 31 219 5039.
E-mail addresses: park93@dongguk.ac.kr (J.S. Park), jungyw@dongguk.ac.kr (Y.-W. Jung), orijjanga@ajou.ac.kr (J.W. Lee), sds@ajou.ac.kr
(D.S. Shin), dissect@ajou.ac.kr (M.S. Chung), riemer@uke.uni-hamburg.de (M. Riemer), h.handels@uke.uni-hamburg.de (H. Handels).
0169-2607/$ – see front matter. Crown Copyright © 2008 Published by Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.cmpb.2008.07.007
Please cite this article in press as: J.S. Park, et al., Generating useful images for medical applications from the Visible Korean Human, Comput.
Methods Programs Biomed. (2008), doi:10.1016/j.cmpb.2008.07.007

COMM-2820;

2

ARTICLE IN PRESS

No. of Pages 10

c o m p u t e r m e t h o d s a n d p r o g r a m s i n b i o m e d i c i n e x x x ( 2 0 0 8 ) xxx–xxx

cadaver was serially sectioned and photographed [6]; the SSIs
were segmented interactively [11]; the SSIs and segmented
images were volume- and surface-reconstructed [7,12,13]. The
techniques were upgraded continuously either with the same
subject or with other subjects. The improved technology of the
VKH induced a good quality of the SSIs, segmented images,
and 3D models; the increasingly automated technology saved
time and effort of researchers. The images from the VKH were
distributed for medical applications worldwide. More than
20 universities and institutes are using the VKH data so far.
The objective of this paper is to introduce advanced techniques for creating the VKH data, which might help other
investigators produce their own raw data. Another objective
is to announce the availability of the SSIs, segmented images,
and 3D models from the VKH, which might be the source
ﬁles of software for medical education and clinical training.

2.

Materials and methods

2.1.
Serial-sectioning to acquire SSIs; outlining to
acquire segmented images
Before serial-sectioning, MRIs and CTs of a male cadaver were
acquired, which would correspond to SSIs.
For the VKH, the cryomacrotome1 and embedding box
were manufactured. On the cryomacrotome, a cutting disc
containing 20 teeth was designed to grind off the cadaver
in the embedding box. The cryomacrotome was so precise
that the sectioning interval could be modulated from 1 m
to the unlimited maximum. This interval was an important
factor to determine quality of the sectioned surface. Therefore, in the preliminary sectioning of subjects at different
intervals, optimal values for the moving speed of the embedding box, rotating speed of the cutting disc in cryomacrotome,
and changing cycle of the blades in the cutting disc were
investigated. The whole body of the male cadaver was serially sectioned at 0.2 mm intervals. After serial-sectioning, the
sectioned surfaces were photographed using a digital camera
(Kodak DCS560) to acquire SSIs with 0.2 mm × 0.2 mm sized
pixels (Table 1) [6].
Thirteen structures including skin were outlined in the SSIs
(1 mm intervals) to obtain basic segmented images (Table 1)
[11]. It was soon recognized that these images were not sufﬁcient to produce valuable 3D models because 3D models of 13
structures could not be a great help to medical students and
doctors. Therefore, we determined to outline as many structures as possible; for example, each bone and each muscle
on both sides of the upper and lower limbs were outlined by
medical experts [13].
The outlining was performed with Adobe Photoshop CS3
version 10.2 In order to make the structures’ borders clearer,
‘sharpen’ ﬁlter in Photoshop was applied to the SSIs. In order to
generate each structure’s colors with less noise, ‘median’ ﬁlter
in Photoshop was applied to the SSIs. Then, the structures

1
2

The milling machine was remodeled into the cryomacrotome.
http://www.adobe.com/products/photoshop/photoshop/.

were outlined automatically, semi-automatically, or manually
in sequence to acquire segmented images [11].
Morphological features of the structures gradually changed
along the neighboring SSIs with 1 mm intervals. Therefore, in
order to reduce tedious work on outlining, interpolation techniques were used. For example, a structure was outlined in
two SSIs with 10 mm intervals. By using the ‘animate’ tool of
Autodesk Combustion version 4,3 semi-automatic interpolation was performed to create nine intervening outlines with
1 mm intervals.
A pelvis of a female cadaver was serially sectioned at
0.1 mm intervals (Table 1). Grinding at thin intervals (0.1 mm)
risked the sectioned surfaces to melt easily, which would
cause bad quality of SSIs. To prevent melting, dry ice was often
put on the sectioned surfaces; the embedding box with the
cadaver was frequently put back into the freezer.
In order to get 0.1 mm × 0.1 mm sized pixels (Table 1),
the sectioned surfaces were photographed as follows. Sectioned surfaces of the pelvis were less wide than those of
the complete cadaver. So the distance from the sectioned
surfaces to the digital camera could be reduced. The ﬁrst digital camera with six mega pixels (24 bit color) was replaced
by a new one with 12 mega pixels (Canon EOS 5D, 48 bit
color).
Furthermore, a female mouse was serially sectioned at
0.5 mm intervals and the sectioned surfaces were photographed (Table 1) [14].

2.2.

Volume reconstruction to create 3D models

In the case of the VKH data, we could build a volume 3D
model with 3040 × 2008 × 8590 voxels, which is too big to be
handled by current standard computers. Therefore, the voxel
size of the SSIs was increased from 0.2 mm × 0.2 mm × 0.2 mm
to 1 mm × 1 mm × 1 mm. At the same time, the corresponding
segmented images were prepared with 1 mm × 1 mm × 1 mm
voxel size. Using the SSIs and segmented images, isotropic
volume 3D models were created using a program developed
in the C++ language [6].
The SSIs and segmented images of the head and thorax
from the VKH data were sent to the Department of Medical
Informatics, University Medical Center Hamburg-Eppendorf,
Hamburg, Germany. The VOXEL-MAN system [15,16] of the
department was improved for reﬁning the segmented images
[12], for volume reconstruction, and for virtual dissection.
A volume reconstruction of the mouse SSIs was achieved
by using the free software (MRIcro version 1.44 ). For preprocessing, the voxel size of the mouse SSIs was increased to
1 mm × 1 mm × 1 mm, color depth was changed from 24 bit
color to 8 bit gray. Using the segmented images, the surroundings of the skin in the SSIs were automatically erased using
Photoshop. In MRIcro, the SSIs were stacked and reconstructed
by volume modeling to create a 3D model.

3
http://usa.autodesk.com/adsk/servlet/index?siteID=123112&id=
5562397.
4
http://www.sph.sc.edu/comd/rorden/mricro.html.
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Table 1 – Features of the images acquired by serial-sectioning and outlining
Subjects
Complete male cadaver
Pelvis of female cadaver
Complete mouse

Images
Serially sectioned images
Segmented images
Serially sectioned images
Serially sectioned images
Segmented images

Intervals (mm)
0.2
1.0
0.1
0.5
0.5

Pixel size

Number

0.2 mm × 0.2 mm
0.2 mm × 0.2 mm
0.1 mm × 0.1 mm
0.1 mm × 0.1 mm
0.1 mm × 0.1 mm

8590
1718
2207
387
387

Fig. 1 – Corresponding serially sectioned images and segmented images of the complete cadaver (a), including those of
head (b), heart (c), upper limb (d), and lower limb (e).

Fig. 2 – Browsing software of the four kinds of images with graphic user interface (a), showing structure name in CT (b), and
showing zoomed-in MRI (c).

Fig. 3 – Serially sectioned images of pelvis of the female cadaver.
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2.3.

Surface reconstruction to create 3D models

At ﬁrst, we created surface 3D models of the left lower limb
from the complete cadaver. Then we proceeded with surface
3D models of the abdomen. Surface reconstruction was
achieved by using commercial software including Alias Maya
version 7.0,5 Autodesk AutoCAD version 2007,6 Autodesk 3ds
max version 9.0,7 and Rhinoceros Rhino version 4.0.8 The
usage of all these software packages was needed because
every software had its own functions essential for the surface
reconstruction and all packages could share their image formats. For the surface reconstruction, only segmented images
were necessary and the SSIs could be excluded. Outlines of
a structure from the neighboring segmented images were
stacked; gaps between the outlines were ﬁlled with polygons
to build a surface 3D model; the stacked outlines were deleted
and the number of polygons was reduced to smooth the
surface [13].

3.

Results

3.1.

Acquiring SSIs and segmented images

In 2001, a complete male cadaver was serially sectioned to
acquire 8590 SSIs with 3040 × 2008 resolution and 24 bit color,
which took 3 months. It then took another year to acquire 1718
basic (13 structures) segmented images with 3040 × 2008 resolution and 8 bit color (Fig. 1a) (Table 1) [6,11]. After acquiring
the basic segmented images, more than 700 structures from
the head to feet were outlined, which took another 5 years
(Fig. 1b–e). The VKH data including all SSIs and segmented
images were distributed worldwide. It was hard to disseminate the VKH data on the web because the ﬁle size of only SSIs
was 146 GB [6]. The data were distributed either by removable
hard disk drive or by more than 30 DVDs and post mail.
In 2005, we developed a browsing software for the SSIs,
MRIs, CTs, and segmented images (1 mm intervals). In this
software, the four kinds of images always corresponded to one
another; they could be conveniently chosen with a graphic
user interface; outlined structures’ names were displayed; the
images were alternatively zoomed-in. The browsing software
can be downloaded from our homepage9 free of charge (Fig. 2)
[17].
By serial-sectioning of a pelvis of a female cadaver, 2207
SSIs of the pelvis (resolution, 4368 × 2912; color depth, 48 bit
color; 73 MB/SSI) were acquired in 2007. As both intervals and
pixel size were 0.1 mm, even tiny pelvic structures greater than
0.1 mm could be identiﬁed in the SSIs (Fig. 3) (Table 1).
Furthermore, 387 pairs of SSIs and segmented images of a
complete female mouse were prepared in 2005 (Fig. 4) (Table 1)
[14].

5
http://usa.autodesk.com/adsk/servlet/index?siteID=123112&id
=7635018.
6
http://usa.autodesk.com/adsk/servlet/index?siteID=123112&id
=2704278.
7
http://usa.autodesk.com/adsk/servlet/index?id=5659302
&siteID=123112.
8
http://www.rhino3d.com/.
9
http://anatomy.co.kr.

Fig. 4 – Serially sectioned images (a) and segmented
images (b) of the mouse.

3.2.

Creating volume 3D models

In 2005, at Inha University, Korea, software for creating 3D
models was developed using the C++ language. In the software, the 3D models of selected structures were displayed and
rotated with the real anatomical color shown. The 3D models
were sectioned to display sectional surfaces (Fig. 5a) [6]. Based
on the 3D models, virtual endoscopy was achieved to show the
real color of the luminal inside of the structures (Fig. 5b) [7].
In 2006, at University Medical Center Hamburg-Eppendorf,
Germany, the improved VOXEL-MAN system was created for
volume reconstruction and for virtual dissection [12]. A result
was a package which can be viewed with the VOXEL-MAN
3D-Navigator, which has a user-friendly interface. In this package, realistic 3D models of head and thorax can be dissected
sequentially and 3D models can be marked and annotated
to highlight structures by clicking on their names in a popup
menu (Fig. 6a). In addition, volume 3D models of the head were
produced at different laboratories (Fig. 6b and c).
In 2007, at Dongguk University, the volume 3D model of
a mouse was created with 1 mm × 1 mm × 1 mm sized voxels
and 8 bit gray value resolution. The 3D model was arbitrarily
sectioned to display the sectional surfaces using MRIcro. Afterwards, the tissue outside the bones was erased. A 3D model of
the bones was then created (Fig. 7).

Please cite this article in press as: J.S. Park, et al., Generating useful images for medical applications from the Visible Korean Human, Comput.
Methods Programs Biomed. (2008), doi:10.1016/j.cmpb.2008.07.007

COMM-2820;

No. of Pages 10

ARTICLE IN PRESS

c o m p u t e r m e t h o d s a n d p r o g r a m s i n b i o m e d i c i n e x x x ( 2 0 0 8 ) xxx–xxx

5

Fig. 5 – Volume three-dimensional models of complete cadaver, which are selected, rotated, and sectioned (a), virtual
colonoscopy (left of b), virtual bronchoscopy (center of b), and virtual arterioscopy (right of b).

3.3.

Creating surface 3D models

In 2006, at Ajou University, surface 3D models of various
regions were created from the segmented images of the VKH.
The surface 3D model can be selected, rotated, and colored in
a real time because of the small data size (Fig. 8) [13].
In 2005, the segmented images of the urogenital system
from the VKH were sent to University Paris V René Descartes,
France, where surface 3D models of 42 urogenital structures
were made using the SURFdriver software (Fig. 9a) [18]. Likewise other segmented images were distributed as a source
of the surface reconstruction (Fig. 9b and c). Additionally the
segmented images and SSIs of lumbar region from the VKH
data were sent to the University Medical Center HamburgEppendorf, Germany, where a virtual reality simulator for
virtual lumbar puncture is being developed with a haptic
device used for interactive training (Fig. 9d) [19].

4.

Discussion

Like the Visible Human Project [1–5], the VKH data were distributed to encourage other investigators to create useful
images and software for medical education and clinical train-

ing [6,7,11,13]. We founded distribution policy that charge is
free except post-carriage but permission is agreed and applications of data are noticed. The distribution policy was not
changed, while distributed contents were changed as follows.
Initially the SSIs were distributed in expectation that users
would create segmented images of the SSIs. However, all users
wanted to be supplied with the segmented images, which
could be manufactured only by time consuming work. Therefore, we decided to offer not only SSIs but also corresponding
segmented images; for the various users, we tried to outline
as many structures as possible (Fig. 1). Nevertheless the segmented images are not expected to satisfy every user; some
users need to outline additional structures for their own purposes. Successively it was decided to give users the surface
3D models originated from the VKH (Fig. 8) [13] because medical simulation systems can easily be made from the surface 3D
models. Our policy and the distributed data were welcomed in
many countries. As a result, various kinds of medical education tools including virtual dissection, virtual endoscopy, and
virtual lumbar puncture were established from the VKH data
(Figs. 5, 6 and 9) [6,7,12,13,18,19].
In the VKH, subjects of serial-sectioning were variable in size and in species. Prior to serial-sectioning on
the cryomacrotome, the subject had to be embedded in
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Fig. 6 – Virtual dissection of head and thorax presented by the University Medical Center Hamburg-Eppendorf, Germany
using the VOXEL-MAN 3D-Navigator (a), volume three-dimensional models of a head created at State University of New
York at Stony Brook, US (b), and those of a head produced in Texas Tech University, US (c).

Fig. 7 – Volume three-dimensional model of a mouse (a), which is sectioned to display the sectional planes (b), and that of
the mouse bones (c).
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Fig. 8 – Surface three-dimensional models of lower limb (a), abdomen (b), gastrointestinal tract (c), and liver (d).

a box. The inside volume of the embedding box was
570 mm × 410 mm × 2000 mm; therefore, it was possible to
serially section the complete cadavers or cadaver regions [6].
The sectioning of the complete cadaver is signiﬁcant as it
enables the creation of SSIs and 3D models of any region
(Figs. 1, 5, 6, 8 and 9). However, smaller cadaver regions such
as the female pelvis allow SSIs and 3D models to be created with better quality (Fig. 3). From our experience with
serial-sectioning and photographing, the quality of SSIs was
in inverse proportion to the subject size. In addition, a mouse
was serially sectioned in order to supply the information on
mouse anatomy for life scientists doing animal experiment
(Figs. 4 and 7) [14]. For a similar purpose, other animals are
known to have been serially sectioned [10].
For enhancing the value of the SSIs, outlining, surface
reconstruction, and volume reconstruction should be performed. We asked computer programmers to develop a
program for segmentation and 3D-reconstruction. In one
aspect, the program worked to our satisfaction for creating
the intended segmented images and the elaborate volume 3D
models (Figs. 5 and 6) [6]. But the program did not please us
in other aspects: programming required much time even if
small upgrades were necessary; programming required additional weeks or months to develop a convenient user interface
and to eliminate bugs. Therefore, we tended not to create new
programs but just to utilize popular software for the jobs. For
outlining, Photoshop was a good choice because the SSIs were
true color data (Figs. 1 and 3) [11]. For volume reconstruction, MRIcro, which is free software, was a good choice for
creating simple volume 3D models (Fig. 7). For simple surface
reconstruction, the combination of several software packages
including Alias Maya version 7.0 was our best selection (Fig. 8)
[13]. Our experience and tips to use the popular software will
hopefully inspire other medical experts to create their own
segmented images and 3D models without depending on computer programmers. However, ﬁnally the medical experts have
to get the programmer’s help for making educational programs from the 3D models.
In the VKH, outlining of SSIs can only be done by medical
experts. For example, borders between neighboring muscles
cannot be separated graphically in SSIs; so the borders cannot
be drawn automatically and have therefore to be drawn manually by medical doctors and anatomists, who know muscle
anatomy. In other words, outlining was a very time-consuming
task. For a complete cadaver, MRIs and CTs were scanned
in 1 day, the cadaver was serially sectioned in 3 months,

but the SSIs were outlined in 6 years. So we would advise
to initiate new developments for speeding up the outlining process which could be done by the use of high level
programming techniques [12]. If there is not enough man
power in the computer department, we suggest using the
enhanced automation extents in Photoshop or other commercial software; for example, image ﬁltering in Photoshop
and semi-automatic interpolation in Autodesk Combustion
version 4.
In the medical imaging ﬁeld, volume- and surface-rendered
3D models complement each other. Medical doctors usually
prefer volume 3D models to surface-rendered ones because
the former can contain much more information than the latter; the volume-rendered 3D models created from SSIs can be
sectioned in arbitrary directions to show the sectional planes
in real color (Figs. 5a and 6) [6]. Moreover, virtual endoscopy
based on the volume-rendered 3D models can show the real
color of the inside of e.g. the colon wall (Fig. 5b), which is
different from virtual colonoscopy made of CTs [7]. However,
volume-rendered 3D models need large ﬁles which are not
easily handled. In contrast, the surface 3D models can be distributed, opened, rotated, and modiﬁed in real time because
of a small ﬁle size (Figs. 8 and 9) [13,18]. This real time operation is essential for interactive medical simulation, e.g., virtual
laparoscopy. Therefore, we tried to create not only the volumerendered 3D models (Figs. 5–7) [6,7] but also surface 3D models
(Figs. 8 and 9) [13].
The main goal of the VKH is to build 3D models for medical
education. Sometimes two-dimensional images themselves
are useful. From the two-dimensional images, the browsing
software was created, which can be used for enhancing the
knowledge of the sectional anatomy as well as for learning
the normal structures in the MRIs and CTs, compared to the
SSIs (Fig. 2) [17].
In the near future, there will be more medical applications
using the VKH data. For example, virtual cardiopulmonary
resuscitation can be designed based on 3D models of the thorax. A mannequin with pressure sensors and haptic devices is
linked to a computer displaying 3D models of the thoracic wall,
heart, and lungs. These images are transformed in real time
according to how the mannequin is manipulated. Each performance of cardiopulmonary resuscitation can also be judged
against a standard and scored [7].
Besides medical training and simulation, the VKH data can
be helpful for patients in hospitals. For example, if the SSIs
are registered to a patient’s MRIs, 3D models with high res-
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Fig. 9 – Surface three-dimensional models of urogenital system in University Paris V René Descartes, France (a), images of a
head built in University Malaya, Malaysia (b), images of a lower limb’s bones reconstructed in Konrad-Zuse-Zentrum für
Informations-technik, Germany (c), user interface and haptic device of the VR-simulator for virtual lumbar puncture in
University Medical Center Hamburg-Eppendorf, Germany (d).
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Fig. 10 – Both serially sectioned image and MRI with the corresponding points on the skin (a and b), registered serially
sectioned image to the MRI (c).

olution and real color can be yielded. The 3D models may
be used for planning real surgery of the patient. As a preliminary trial, software was developed, where VKH SSIs were
registered to patient MRIs after corresponding points were
speciﬁed on both SSI and MRI either manually or automatically
using segmented images (Fig. 10). More registration research
has to be done for registering SSIs to the real patients in
clinics [20].

5.

Conclusion

The VKH techniques and data, which are being distributed
worldwide, are expected to contribute to medical learning and
clinical practice. Compared with the Visible Human Project
and Chinese Visible Human, the VKH introduced several new
techniques. The principle investigators of all projects met
and visited one another several times to share information of
their techniques and data. As far as we know, all techniques
and data of each project have strong points; for example,
serial-sectioning of a cadaver were standardized in the Visible
Human Project; cryomacrotomes were installed in three cities
in China, where entire bodies of more than 10 cadavers were
serially sectioned; the colors of the SSIs of the VKH are very
similar to those in a living human because no ﬁxative or dye
was injected. Users all over the world have the possibility to
select one of the data sets for their own intentions. In the near
future, a virtual image library including all data of the Visible
Human Project, Chinese Visible Human, and VKH will hopefully be established for convenient availability of selections
and fast downloading.
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