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SUMMARY: Dog ear is very important because of disease vulnerability. Therefore, gross anatomy and sectional anatomy on CT
and MRI of the dog ear should be mastered by veterinarian. The purpose of this research was to present the digital lathégies whic
quality sectioned images and 3D models of detailed structures of dog ear could be displayed freely. In the sectioned feragés of
beagle, ear structures were reconstructed by surface modeling to make 3D models. The sectioned images and 3D modeis were put in
the browsing software and PDF file, respectively. Using the browsing software and the PDF file, gross and radiologicalfad@gomy
ear could be learned easily and accurately. The auditory tube of a dog was placed anterior to the tympanic cavity unlikeehuman.
tensor tympani muscle of a dog was connected to the dorsal wall of the tympanic cavity with the malleus. No remarkabéeidifferen
auditory ossicles, semicircular ducts, facial nerve, and endolymphatic duct was observed between dogs and humans. Ema software
the PDF file will be provided to other researchers freely to help contribute to veterinary research and education.
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INTRODUCTION

A dog ear is known evolutionarily, to be highlythe ear and surroundings (e.g., brain and skin) (Beicla
developed to compensate for their relatively poor eyesigh008; Russet al, 2002). In Germany, dog sectioned images
(Altman and Kalmykova, 1986). Therefore, ear diseases an@re created, but the images do not illustrate the genuine
frequent operations are important for the quality of a dogtsdy color because formalin and colored resin were
life. This is the reason veterinarians should know the dqgeviously injected. Moreover, their intervals (1 mm) are
ear anatomy in detail (Garaial, 2003; Littleet al, 1991).  too thick to identify the minute structures of the ear (Bottcher
However, the existing atlases and textbooks includingnd Maierl, 1999).
photographs of dissected dogs are not enough to grasp ear
components (Milleet al, 2013; Budras, 2007). On magnetic To understand perfectly anatomy of dog ear, three
resonance images (MRIs) for diagnosing a disease, itdimensional (3D) models are indispensable. However,
difficult to interpret not only ear ossicles but also cochlebecause there were no high quality 2D images in which
and semicircular ducts of the dog ear (Haetal, 2012). anatomical details of the dog ear could be observed, the 3D
On computed tomography (CTs) of dog ear, the cavity amdodels of dog ear, could not be found anywhere.
duct in temporal bone can be barely distinguished (Schlegel
et al, 2010; Ostertag and Weigel, 1982; Kaufneiral, Meanwhile, we produced the sectioned images of the
1981). Also, the micro computed tomography (micro CTsJog (intervals 0.2 mm; pixel size 0.1 mm), which have been
show only bones and some blood vessels in gray scale aaborated for the Visible Korean (Pagkal, 2014). The
do not demonstrate the ear components realistically (Lizdm of this study is to present the browsing software
etal, 2016; Badeat al, 2008). In addition, a small specimenincluding high quality real color sectioned images and the
of micro CTs does not allow simultaneous observations 8D PDF file including 3D models of dog ear for veterinary
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anatomy. The original planes were stacked to produce two In Mimics, the 3D models of STL files were exported
other orthogonal planes, where the ear components were thenPDF file. After running the PDF file, list of segmented
observed closely in the three kinds of planes. Furthermosttuctures and 3D models were shown in left and right
based on the sectioned images of ear, 3D models of @andows respectively (Fig. 2b) (Shet al, 2012; Park &
structures were made. Jung, 2016).

MATERIAL AND METHOD
RESULTS

In the previous study, frontal sectioned images
(intervals 0.2 mm; resolution 2,076 X 4,088; pixel size 0.1 According to the observation of the sectioned images
mm; color depth, 48 bit color; file format, TIFF) have beeand 3D models using the browsing software and PDF file
made of a female beagle (height 460 mm; width 160 mr{Fig. 2), the ear anatomy of dog could be described in the
length 711 mm; 1 years old) (Pagkal, 2014). following ways.

Among the frontal sectioned images of whole body, In the external acoustic meatus of a dog, the wall
only 151 ones including the right ear were remained. Tto®nsisted mostly of cartilage (Figs. 1d, 3a). This was different
excessive margins were cropped to achieve an imafyjem the external acoustic meatus of humans that contained
resolution of 356 X 267 (intervals 0.2 mm; pixel size 0.both cartilage and temporal bone (Moetel, 2017).

mm) (Fig. la,c). After increasing the pixel size from 0.1

mm to 0.2 mm, the images were stacked to make dorsaland  Prominently, the tympanic bulla of a dog, similar to

sagittal planes (intervals 0.2 mm; pixel size 0.2 mm; filevall of tympanic cavity of human, had relatively large space

format, TIFF) (Fig. 1d,f) using house development softwaréFigs. 1a-c, 3c-e) and it was located in the mastoid process
(Fig. 3b), while mastoid air cell was located in the mastoid

We decided to make 3D models of 26 ear structur@gocess of human (Mooet al, 2017).

(Table 1). First work was segmentation. In the cropped

sectioned images (intervals 1.0 mm; pixel size 0.1 mm), 24 The auditory tube of a dog was placed anterior to the

structures were outlined semiautomatically using Magnetigmpanic bulla (Figs. 1le,f, 3c,d) unlike human. It was

Lasso Tool or Lasso Tool in Photoshop CC 2015 (Adol#ecause the snout and pharynx of a dog were situated in

Systems, Inc., San Jose, CA, USA). The outlines of skiront of the middle ear (Fig. 3a,b).

and bone used one of previous study (Park & Jung, 2016).

The Inner spaces of outlined structures were automatically The tensor tympani muscle of dog connected the

filled with a specific color using Automate - Batch Tool inmedio-dorsal wall of the tympanic bulla (Figs. 1a,b, 3d) like

Photoshop to make segmented images of 26 structures. human. However, the muscle did not connect the auditory
tube (Fig. 3c,d), while the muscle of human connected the

In browsing software, already made in Visible Korea@auditory tube with the malleus. It was probably because the
(Park & Jung, 2016), the cropped sectioned images and thay’s tympanic bulla was big and the auditory tube was
segmented images of 1.0 mm intervals and 0.1 mm piXelcated too rostral (Fig. 3c,d). The stapedius muscle
size were put into each folder. After running the browsingonnected the caudal wall of the tympanic bulla with the
software, cropped sectioned images with names efapes in both dog (Fig. 3e) and human.
segmented structures were shown in main window. Area of
cropped sectioned images in frontal head and segmented From medial surface of the tympanic membrane to
images were shown in sub-window (Fig. 2a). ovals window connected malleus, incus, and stapes (Figs.

1b,c, 4a) like human (Fig. 4b). The facial nerve of dog passed
Second work was 3D reconstructionThe segmented between incus and stapes like that of human (Fig. 4).
images were automatilly reconstructed by surface modeling
using Mimics version 17.01 (Materialise, Leuven, Belgium) Direction of the semicircular ducts of dog were ante-
(Parket al, 2013) to make 3D models (Figs. 3-5). We alreadsior, posterior, and lateral sides (Figs. 3f, 4a, 5b) like human
made the 3D models of dog skin and bone in the previo(@sSigs. 4b, 5d), whereas brainstem laid in a prone position
study (Park & Jung, 2016). In the 3D models of dog skin ar{&Fig. 5a) unlike human (Fig. 5d). The common membranous
bone, 24 structures of this study were assembled and savedras was made of the anterior and posterior semicircular ducts
stereolithography (STL) files using Mimics (Skeiral, 2012).  (Figs. 3f, 4a) like human (Fig. 4b). The cochlea made two
The 3D models of 26 structures were totally made. and half turns around its axis (Fig. 3d).
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Table I. Twenty six structures of the right ear segmented in the sectioned images and reconstructed to make 3D models.
Region Structures

Externd ear Skin, External acousti c meatus, Tympanic membrane

Middle ear Tympanic bulla, Oval window, Round window, Sapes, Incus, Malleus, Tensor tympani muscle, Stapedius
muscle, Auditory tube

Internal ear Utricle, Saccule, Anterior semicircular duct, Posterior semicircular duct, Lateral semicircular duct, Cochlear
duct, Common membranous crus

Other Bone, Braingem, Facid nerve, Vestibulocochlear nerve, Vestibular nerve, Cochlear nerve, Endolymphatic duct

Rostral Dol e Facial nerve Rostral
4

A - Temporal bone

Brainstem

Tensor tympani - Tympanic cavity

& ‘ \4 Cochlea

" Cochlear nerve

Tympanic
membrane

Tympanic membrane Temporal bone

External Cartilage

Tympanic cavi ; -
ymp . ty acoustic of acoustic
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Saccule cartilaginous part
- Cochlear nerve Temporal bone
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Cochlea Caudal |
Malleus,

lateral process
. - Tympanic membrane
Ventral - Tympanic cavity

Fig. 1. Sectioned images of dog ear from rostral to caudal. (A-C) In the sectioned images of frontal view, middle earistlucting
large tympanic bulla can be shown. (D-F) In the sectioned images of dorsal view, external ear and parts of middle eanean be sh

A BB viewer of VKH - [m] X B "X 18.02. 07 ear.pdf - Adobe Acrobat Pro OC - o x
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Fig. 2. Browsing software and 3D PDF files. (A) In main window of the browsing software, the sectioned images of frontal view
can be displayed continuously using scroll-bar or play-buttons of left side. (B) In the PDF file, 3D models of dog ear avith ski
bone (cranium) can be shown three-dimensionally.
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Fig. 3. Three dimensional models in PDF file. (A) The external acoustic meatus of a dog do not consist of bone
(cranium). (B) The mastoid process of dog is full of the tympanic bulla (lateral view). (C) The auditory tube is
placed at rostral of the tympanic bulla which have relatively large space (ventral view). (D) The tensor tympani
muscle connect the medio-dorsal wall of the tympanic bulla and do not connect the auditory tube (frontal view). (E)
The stapedius muscle is located in the caudal wall of the tympanic bulla with the stapes (caudal-lateral view). (F)
The anterior and posterior semicircular ducts share a common membranous crus. The endolymphatic duct arise
from the medial wall of the cochlea (caudal-lateral view).

The endolymphatic duct arises from the medial waBD models, and consequently we are easily intelligible the
of the cochlea; this duct ended in an endolymphatic sac dimection and position of ear structures (Fig. 3). In case of
the caudal surface of the petrous portion of the tempomaicro CTs, its thickness is only 0.035 mm or more (kee
bone (Fig. 3e-f), where it was in contact with the dura matat., 2013; Shinet al, 2013), while the thickness of the
sectioned images in this study is 0.2 mm. When looking at
the thickness and resolution, the sectioned images of this
study could never be better than micro CTs. However, the
sectioned images almost show the structures of body in real
color, while the micro CTs show bone and some blood vessels
of gray color in small specimens.

(Miller et al, 2013).

DISCUSSION

The strong point of the Visible Korean Project is the
sectioned images which both large specimens and small

150

By sectioned images of this study, ear of the dog and
specimens with real color and high resolution could be shownman can be described evolutionarily. Even if it evolves
(Parket al, 2009; Parlet al, 2014). For example, the imagesfrom the Precambrian era to the present, equilibrium sense
enable tracing of the vestibulocochlear nerve that passes frofrall living things on earth must be identical because the
saccule and utricle in the internal ear (small specimens)daection of earth’s gravity is always identical for everyone.
the brainstem (large specimen) through internal acousiitierefore, the direction of semicircular ducts of dog and
meatus (Fig. 1). Furthermore, Visible Korean Project haveuman was identical (Fig. 4). In evolution, the biggest
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difference of the lower and higher animals
is the walking and position of their head. A
dog walks on four legs and the head
including brainstem is placed in front of its
trunk; consequently, a spinal cord, brainstem,
cerebellum, and cerebrum of dog lie in a
prone position (Fig. 5a). As human evolve,
they walk two legs (orthograde posture) and
the head is placed at superior side of the
trunk; consequently, human’s nervous system
including brainstem stands upright (Fig. 5c).
The comparison is valuable because the
morphology of the human ear has been well
studied (Figs. 4b, 5d) (Pasdt al, 2013).

Fig. 4. Comparison of dog of this study and
human of previous study (Pagkal, 2013). (A)

In the dog and (B) human, direction of
semicircular ducts, shape and position of auditory
ossicles, and facial nerve between incus and
stapes are almost identical.
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Fig. 5. Comparison of dog of this study and human of previous studyetRari2013). Direction of semicircular ducts of (B)
the dog and (D) human is identical. (B) Brainstem of dog lie in a prone position, while (D) brainstem of human stands upright.
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