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SUMMARY: The purpose of this research was to enable anyone to learn the sectional anatomy of the head anywhere, anytime
by presenting software to browse sectioned images on a Google Android mobile device. Among the 2,343 sectioned images at 0.1 mm
intervals, 234 sectioned images at 1 mm intervals were chosen. The corresponding 234 segmented images containing 286asead struc
were selected. The software of the mobile version was programmed and debugged in the Java programming language. Tthe folders of
sectioned images and segmented images and the txt file of the segmentation data were arranged in the source code afThe softwar
software was distributed free of charge at the homepage (neuroanatomy.kr) and Google Play Store. After installing théhsoftware,
sectioned images and corresponding segmented images could be browsed by touching and swiping the screen. In the mgadical categor
the Google Play Store, the software earned a good reputation. The software of the Android mobile version was usablefrégardless
time and place. The software is under the authors’ non-commercial policy. Other investigators may modify the mobile software to
browse their own images. The mobile version of the software will aid medical students and doctors in learning sectional anatomy
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INTRODUCTION

Sectional anatomy is the subject to identify and learand expensive. To complement for the atlas, the authors
the normal body structures in sectional planes (usually, hdeveloped software to browse the sectioned images of the
rizontal planes). This is beneficial knowledge for interpretingead on a personal computer as a previous study. Unlike the
computer tomographs (CTs) and magnetic resonance imagagper book, the software had no burden of numerous images;
(MRIs). For medical students and doctors to study the software conveniently browsed the neighboring images.
sectional anatomy, they utilize atlas books, including the CWhile the anatomical structures were labeled in the book, the
and MRIs or the sectioned images of cadavers (Spitzersfructures were segmented and color-coded in the software
Whitlock, 1997; Dixoret al, 2015). for automatic demonstration of the structure names @hin

al., 2012).

Our research tearalso participated in an atlas
publication for the sectional anatomy of brain that consisted Nowadays, the personal computer is being replaced with
of 7 Tesla MRIs, diffuse tensor images of a volunteer, and theobile devices, the performance of which is being improved
sectioned images of a cadaver (€hal, 2009). The sectioned rapidly. The medical education field is not an exception (Davies
images are valuable because they show the real color (48 kital, 2012; Franko & Tirrell, 2012; Rohilkt al,, 2016). If the
color) and high resolution (0.1 mm-sized pixels) (Rerél, browsing software can be operated on a mobile device, more
2009). On the sectioned images of the book, hundreds médical students will benefit from it. Our primary interest was
anatomical structures were labeled. However, the atlasbrowse the sectioned images of the human head including
containing numerous images was physically heavy to carye brain on a Google Andro@hvironment.
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The purpose of this research was to enable anyoneto  On a personal computer working environment, the
learn sectional anatomy of the head anywhere, anytime &gftware for the Android mobile device was programmed
presenting the free software to browse sectioned imagesand debugged in the programming language, Java (Arnold
an Android mobile device. et al, 2000), using Eclipse Java Development Tools (des

Rivieres & Wiegand, 2004). In the source code, two folders
and a txt file were designated. The sectioned images and
MATERIAL AND METHOD segmented images were placed into two folders, anatomical
and segmented, respectively. In the txt file (color.txt),
information of the segmented structures (structure names,

In the Visible Korean Project, 2,343 sectioned imagesumbers of uppermost and lowermostimages, and red, green,
(horizontal direction; intervals 0.1 mm; pixel size 0.1 mmand blue values (0-255) constituting the color) were written
resolution 4,368 X 2,912; 48 bits color; tagged image file forméFig. 1).

(TIFF)) were prepared by serial-sectioning a male cadaver head

(Parket al, 2009). One-hundred seven head structures were  After programming and debugging, the source code

selected to be outlined (Table 1) (Sleihal, 2012). with the images and the txt file was assembled using export
tool of the Eclipse Java Development Tools to make an

The outlines of the structures were drawn in 23thstallation file that was Android application package (APK)
sectioned images at 1 mm intervals. On Photoshop C&Bmat. The installation APK file, accompanied by the source
version 12 (Adobe Systems, Inc., San Jose, CA, USA)cade, was uploaded on the homepage of the corresponding
magnetic lasso tool and lasso tool were used fauthor (Fig. 2).
semiautomatic and manual delineation, respectively. Outlines
of every structure were filled with a specific color using an The installation APK file was also uploaded at the
action to make segmented images (TIFF) (leagk, 2005). Google Play Store (Fig. 2). Because the Google Play Store

receives only software of 100 MBytes or less file size, the

In the sectioned and segmented images, the excessesolution of each image was reduced from 2,070 X 2,064
margins were cropped; the resolution was reduced to 2,0@A24 MBytes) to 400 X 458 (41 MBytes) in advance (Butler,
X 2,064 (pixel size 0.1 mm). 2011).

Table I. 107 outlined structures of the head.

System Structures
Integumentary (1) Skin
Muscular (44) Masseter, lateral pterygoid muscle, medial pterygoid muscle, longus colli, longus capitis,

sternocleidomastoid muscle, rectus capitis posterior major, rectus capitis posterior minor, rectus capitis
anterior, rectus capitis lateralis, obliquus capitis superior, obliquus capitis inferior, digastric muscle,
stylohyoid muscle, mylohyoid muscle, sternohyoid muscle, longissimus, trapezius, levator scapulae,
thyrohyoid muscle, splenius capitis, semispinalis cervicis

Skeletal (10) Cranium without mandible, mandible, hyoid bone, first cervical vertebra, second cervical vertebra, third
cervical vertebra, fourth cervical vertebra, fifth cervical vertebra, sixth cervical vertebra

Articular (4) Intervertebral disc (C II & C III), intervertebral disc (C III & C 1V), intervertebral disc (C IV & C V),
intervertebral disc (C V & C VI)

Vascular (artery) (18) Common carotid artery, external carotid artery, superficial temporal artery, maxillary artery, internal

carotid artery, vertebral artery, anterior cerebral artery, pericallosal artery, middle cerebral artery, posterior
communicating artery, posterior cerebral artery, basilar artery

Vascular (vein) (22) Internal jugular vein, transverse sinus, sigmoid sinus, inferior petrosal sinus, superior petrosal sinus,
emissary vein, confluence of sinuses, occipital sinus, superior sagittal sinus, inferior sagittal sinus, straight
sinus, cavernous sinus, diploic vein, superior cerebral vein, inferior cerebral vein, great cerebral vein

Sensory (eye) (18) Comea and sclera, lens, levator palpebrae superioris, superior rectus, inferior rectus, medial rectus, lateral
rectus, superior oblique muscle, inferior oblique muscle

Sensory (ear) (18) External acoustic meatus, stapes, incus, malleus, auditory tube, cochlea, anterior semicircular duct,
posterior semicircular duct, lateral semicircular duct

Central nervous (22) Substantia nigra, red nucleus, thalamus, cerebral hemisphere, lateral ventricle, caudate nucleus, putamen,
globus pallidus, spinal cord, brainstem, fourth ventricle, cerebellum, corpus callosum, fornix

Peripheral nervous Optic nerve, oculomotor nerve, ophthalmic nerve, frontal nerve, chorda tympani, abducens nerve, facial

(19) nerve, vestibular nerve, cochlear nerve, optic chiasm

Endocrine (1) Pituitary gland

The numbers in parentheses are the numbers of structures.
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RESULTS image was displayed directly. After magnifying the image,
viewing area was moved using the drag function. In a zoom-
in state, a scroll bar and button could also be used. By double

The installation file of the full data (resolution 2,070ouching a spot of interest, the name of the structure was

X 2,064) could be obtained from the websitgpopped-p according to the text file and the segmented

(neuroanatomy.kr). The installation file of the reduced datmages. By swiping the screen to the right or left, the sectioned

(resolution 400 X 458) could be found by typing “browsingmage was switched to the corresponding segmented image

software” in the search window of Google Play Store to ba vice versa. By pushing the F1 button on the screen, the

downloaded (Fig. 2). manual for the software was shown (Fig. 3).

After installing the software at the Google Android
operating system version 4.0 or up, the sectioned images In the Google Play Store, the software that was
could be browsed freely by touching and dragging on tttownloaded by the users from several countries used to be
screen of the mobile device with the finger. Using the scrdthe third ranking in the medical category during the year
bar or button on the screen, the images were browsed seridlyl5. There was praise from some clients in the comment
By inputting the file number (from 001 to 234), the desiredection of the Google Play Store (Fig. 4).
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Fig. 1. Folder of sectioned images, folder of segmented images (arrows), and text file about segmented
structures (arrow heads).
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Fig. 3. Screen captures of browsing software on Samsung Galaxy S7 when sectioned images are browsed (A, B); an image is zoomed
the name of the structure is displayed by double clicking over a specific structure (C); the sectioned image is replasghipnted
image (D).

DISCUSSION

The browsing software for an Android mobile device2010). Even if the authors have no plans to make the software
can be utilized regardless of the place and time. An examig iPhones, the authors will cooperate with anyone who aims
is medical students learning sectional anatomy of the brdimmake it. For that, both the source code and all image data
with the horizontally sectioned specimens. Another examp¥éll be released.
is the clinicians, interpreting brain MRIs in the hospital. They
may benefit from the mobile device version. From the Visible Korean project, several browsing

software on personal computers have been made and

The browsing software on the Android operatinglistributed for free via the homepage (http:/neuroanatomy.kr):
system is not for commercial profit (Gandhewar & Sheikhnale whole body (Shiet al, 2011), female pelvis (Shiet
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Fig. 4. Countries where the software is downloaded (A) and the responses from the users in Hungary and Portugal (Bllatkich tran
into “Good, lack of proper Latin nomenclature. Otherwise good.” and “Very good.”

al., 2013), and so on. After the installation of the software, the&=g s B.: CHUNG, B. S.: CHUNG, M. S.: YOUN, C. &

image data (sectioned images and segmented images) capRRK, J. S. Software de navegacion para el dispositivo mo-

obtained. The images may be utilized in other browsing soffii Android de imagenes seccionadas de cabbwa.J.

ware for mobile devices. It is also possible for the users Korphol., 35(4)1377-1382, 2017.

modify the mobile software to browse their own images. They

just need to replace the images and the segmentation data fle RESUMEN: El propésito de esta investigacion fue

(color.txt) (Fig. 1). permitir que toda persona aprendiera la anatomia de seccio-

nes de la cabeza, en cualquier lugar y en cualquier momento,

Any investigator is allowed to manufacture commercia través de un software para examinar imagenes seccionadas

or non-commercial products without the permission of th@n un dispositivo movil Android de Google. De las 2.343 ima-

authors. The only requirement is that the investigators revégnes seccionadas a intervalos de 0,1 mm, se seleccionaron

the contribution of Visible Korean in their new software. Th&34 imagenes seccionadas a intervalos de 1 mm. Se seleccio-

mobile version of the browsing software is expected to assf@"on las 234 imagenes segmentadas que contenian 236 es-

in the learning of sectional anatomy ubiquitously and promofgcturas de cabeza. El software de la version movil fue pro-

the production of educational software for Android mobil ramado y depurado en el lenguaje .de programacpn,\]ava.
devices as carpetas de las imagenes seccionadas y las imagenes

segmentadas y el archivo .txt de los datos de segmentacion se
organizaron en el cédigo fuente del software. El software se
distribuyd gratuitamente en la pagina principal
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