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The anatomy of the human temporal bone is considered to be among the most complex structures
in the body. Critical nervous, vascular and other structures are closely related to each other, often by
only a few millimeters. Long training periods, exhaustive temporal bone dissection and surgical
observation have traditionally formed the basis for education. Residents, at some stage during their
education, have some difficulties in understanding the anatomy when shown only through theoretical
bidimensional anatomy lectures. Tridimensional stereoscopic images may allow a better understanding
of the important relationships among the structures within the temporal bone.

The objectives of this study were: 1) to demonstrate stereoscopic tridimensional images of the human
temporal bone; 2) to demonstrate how to acquire and generate these tridimensional images with simple
pieces of equipment such as digital photographic camera and freeware software, discussing the technical
difficulties in the acquisition and edition of these images.

Fourteen temporal bones were dissected in the Anatomical Laboratory of Professor Edmundo Vas-
concelos Hospital, Sao Paulo-Brazil. Four were selected in order to obtain photographic examples of
surgical landmarks.

We created good quality stereoscopic tridimensional images of the anatomy of the human temporal
bone.

The tridimensional stereoscopic images were acquired with low cost equipment, without great difficulty
and its use can improve the anatomical knowledge of ENT residents in otologic surgery.

temporal bone, tridimensional, anatomy, stereoscopic.
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INTRODUCTION

We live in a physically tri-dimensional world, but our
teaching and documentation techniques are essentially
based on the use of oral and written language in bi-
dimensional reproductions (1).

The complexity and richness of tri-dimensional
details of the surgical anatomy of the human temporal
bone makes otologists need to know it deeply before
starting his/her surgical practice (1,2). Nervous, vascular
and other structures are closely related, sometimes separated
just by a few millimeters.

The inter-related microscopic structures, the several
plans and deepness make the ear anatomic teaching
difficult to understand, mainly when classically demonstrated
in anatomy books or bi-dimensional theoretical classes
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The understanding of complex physiology and
anatomy mechanisms, such as sound transport, intra-tem-
poral route of the facial nerve and the structures of optical
capsule (vestibule, semi-rounded canals, cochlea and its
recesses) is an important part for safe ontological surgeries.

Long training periods are usually necessary through
dissections of temporal bones to educate
otorrhinolaryngologists and such process has been currently
harmed once obtaining anatomic pieces at Servicos de
Verificacao de Obito (SVO) has becoming more and more
difficult in Brazil.

Meanwhile, computer programs simulating virtual
dissections have been created in several countries, where
it is even more difficult to obtain anatomic pieces to
educate medical resident doctors.

Training doctors usually have some difficulty to
understand anatomic structures presented in books,
dissection manuals and in classes, which are most of the
times presented with bi-dimensional structures.

The tri-dimensional stereoscopic images, once they
provide deepness perception, may allow a better
knowledge and understanding of the important relations
between the structures of the temporal bone (3,4,7,8).

Traditionally, tri-dimensional stereoscopic images,
that is, the ones which contain clear deepness perception,
may be obtained through three basic methods: parallel,

polarized or anaglyphic.

Each method has its peculiarities, advantages and
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disadvantages, but all of them basically need special
equipment to capture and project/demonstrate: such as
proper cameras, specific supports, glasses, projectors or
special screens.

Such equipment is frequently unavailable to most
Brazilian institutions due to the high financial cost, being
also equipment which is difficult to maintain and manage

(®.

The objectives of this project are: 1) to show tri-
dimensional stereoscopic images of the temporal bone;
2) to demonstrate how to obtain and generate such tri-
dimensional images with simple equipment such as
digital camera and proper free computer program,
discussing the technical difficulties found to acquire and
edit such images.

METHOD

Among the 14 temporal bones kept in formol and
dissected under supervision in the anatomy laboratory of
Hospital Professor Edmundo Vasconcelos, in Sao Paulo,
four were selected by doctors who were certifiably
experienced in otologic surgery to obtain images of anatomic
marks of temporal bone.

Two digital images of each anatomic Mark were
captured using a digital camera (SONY Cyber-Shot DSC-
W50 with 6.0-megapixel resolution). The anatomic marks
were chosen based on:

1) Functional and anatomical importance.
2) Sequence usually found in Mastoidectomies up to the
antrum of the mastoid portion of the temporal bone.

The sequential procedures performed were the
following ones: (Table 1)

Two different pictures of the same image were
captured for stereoscopic formation moving the camera in
horizontal plan, without specific support. A distance varying
from 62 up to 66 mm was used.

The camera was directly connected to the microscope
ocular to acquire the images (DF Vasconcelos). Such
adaptation did not need devices, supports or special
instruments.

The pictures were edited with the computer
program: Adobe Photoshop 8.0 version.

After the edition, the images obtained were used to
make tri-dimensional stereoscopic images (anaglyphic) in
proper computer program Callipygian 3D 2.9 version,
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Table I. Anatomic marks in sequence found in otologic surgeries.

Evaluation of the Surface Anatomy of the Temporal Bone

Temporal line

Henle "S Spine

Tympanicbone

Edge ofthe mastoid portion

Styloid process

Insertion of the digastric and stemocleidomastoid muscles
Extratemporalfacial nerve

Foramen of the cranial nerves of the posterior fossa
Curved eminence

Superior petrous venous sinus

Cortical and subcortical mastoidectomy
Procedure with preserved posterior wall of the duct

Crackeddigastric muscle

Bezold cell

Sigmoid sinus

Sinuduralangle

Durameter of the middle and posterior fossa of the skull
Gulfofthe jugular vein

Facial nerve recess

Korner s septum

Lateral plan of the lateral semicircular canal
Shortbranch ofthe incus

Fossaincudis

Incudo-maleolar joint

Stirrup

Nerve cord ofthe eardrum

Stapedial muscle and the tenser muscle of the eardrum
Tegmen mastoid

Open Cavity Mastoidectomy
Procedure with non-preserved posterior wall of the duct

Pyramidal Eminence

Choleroid Desease Process

Jacobson “snerve

Hypotympanum and anterior Epitympanic space

Tegmentympani

Cochlearand Vestibular Windos

Cochlear Promontory and its recesses and sinus

Protympanum

Vertical segment of the internal carotid artery

Facial nerve intympanic segment, 2nd knee and mastoid segment

Translabyrinth approach to internal acoustic meatus

Semicircular canals

Endolymphatic Sac

Internal acoustic meatus

Inferior, superiorand Vestibular nerves
Cochlearnerve

Intrameatal facial nerve

Transcochlear Approach to the Apex of the Petrous Pyramid

Internal Carotid Artery in horizontal segment
Labyrinth Segmento of the facial nerve
Superficial Petrosal nerve
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which may be found free of charge on Internet at the
following electronic address: http://www.callipygian.com/
3D.

REesuLTs

We used basic equipment of anatomic dissection of
the temporal bone (Picture 1). We obtained high-quality
bi-dimensional digital images containing 6-megapixel
resolution. After editing and using proper computer
program, we created excellent tri-dimensional stereoscopic
images (Pictures 2,3,4,5,6,7,8).

The pictures require specific glasses which may be
found in sale, made at low cost.

DiscussioN

The stereoscopic reproduction methods have
already been described in the mid 19th century (9). Since
the second half of last century, several stereoscopic
reproduction techniques have been developed for
projection and printing.

However, the advance of digital cameras and
computer programs for the last years has strongly facilitated

Picture 1. Stereoscopic image of basic material used for
anatomic dissection.
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and optimized the performance and spread of tri-dimensional
stereoscopic images.

In our area, the use of tri-dimensional stereoscopic
images, which enable a real deepness perception, may be
extremely useful for a better demonstration of anatomic
structures in their several levels of macro-and microscopic
observation, thus providing an important teaching and
documentation tool.

Although tri-dimensional anatomic images were
already done some decades ago, its use has been poorly
disclosed, probably due to difficulties in manufacturing,
reproduction and cost (5,0,7,8).

Basically, there are three methods to generate tri-
dimensional stereoscopic images: anaglyphic, parallel and
polarized. Each method represents advantages and
disadvantages.

Among others, the most simple and known one is the
anaglyphic method (1), which consists of overlapping two
slightly different images of the same structure coloring each
one of them with a basic color. Such images are interposed
and visualized in stereoscopic way, with the use of glasses
made of filters of the same colors, which makes each eye
able to visualize only the image stained with the color of the
respective filter. The most used filters are red and blue (1,2).

Picture 2. Surface anatomy: temporal bone prepared for
dissection. anatomic points: zygomatic arch, mastoid point,
external auditory channel.
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Picture 3. Cortical mastoidectomy: mastoid cortex. Mastoid

point, external auditory channel.

Picture 4. Sub-cortical mastoidectomy: cross-channel view.
ossicles: mallus, incus and stapes. eardrum cord nerve.

Picture 5. Closed cavity mastoidectomy: incus short branch,
lateral semi-rounded channel, medium fossa dura mater,
sigmoid sinus, external auditory channel.
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Picture 6. Closed cavity mastoidectomy: posterior
tympanotomy. incus short branch, pyramidal eminence,
rounded window, medium fossa dura mater, sigmoid sinus,
external auditory channel.
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Picture 7. Cross-labyrinth access: semi-rounded channels,
facial nerve, incus, mallus, stapes, rounded window, sigmoid
sinus, medium fossa dura-mater.

The final anaglyphicimage may be produced either
in gray scale, or in colors, but with a discreet setback of basic
color visualization, specially red.In this method which was
used by us, we observe that the images may be captured
with evident background for a better visualization of
structure deepness (1).

CONCLUSIONS

With a simple digital camera and free computer
program, we obtain tri-dimensional stereoscopic images of
the human temporal bone with high quality. Such images
were obtained with low cost and slight technical difficulties
and its use may improve the anatomic knowledge of
resident medical doctors in otologic surgeries.
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