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ABSTRACT

3D K9: USING QUICKTIME VR TO TEACH VETERINARY ANATOMY
By

ROBERT MALINOWSKI

A well-developed understanding of spatial anatomical relationships is an essential
skill for individuals working in the field of veterinary medicine. To aid in the acquisition
of thisimportant ability, this multimedia project was created to assist veterinary

technology students in learning canine skeletal anatomy in three dimensions.

The program will supply the learners with accurate information regarding
anatomical landmarks, current nomenclature and proper pronunciation. Students will be
able to continue the learning process even after the lab has closed or the gross anatomy

portion of their course has ended.

The virtua specimens will be distributed to students on CD-ROM. This universa
and versatile format will allow them to view the material on any modern personal

computer at home, work or school.
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CHAPTER ONE

INTRODUCTION

During the first year of the veterinary technology program, the subject of anatomy
is taught using cadavers and other preserved specimens. This approach is effective, but
leaves the student dependent solely on their experiences in the course and two-
dimensional atlases for the rest of their career. This project was created to assist
veterinary technology students in the understanding of spatial anatomical relationships.
The goa was to create a supplemental virtual anatomy experience that was available to
each student twenty-four hoursaday. What is learned during this project will be of

benefit to students of both veterinary and human medicine.

Digital specimens were created using QuickTime' s VR object technology. This
technique involves photographing the individual bones of a canine skeleton from a
variety of angles and then stitching these photographs (2D) together using specialized
software. This approach is far less expensive and time consuming than high-end volume
rendering packages such as 3DS Max or Maya, which require intricate modeling of
surfaces and volumes and don’'t have the appearance of real tissue. The QuickTime VR
process combines the still images to produce a photo-realistic object (3D) that can be
manipulated with a mouse and viewed from any angle. The procedure can be completely
automated, and a specimen can be photographed and processed in less than fifteen

minutes.



The hardware and software used to accomplish this task cost less than $2000 and
can be installed on atypical desktop PC. The Magellan Desktop Turntable is the
cornerstone of the system. The specimen is mounted on this computer-controller
turntable and photographed every ten degrees. A total of thirty-six images produce a
high quality model with very smooth rotation. A digital camera with remote capture
software allows the images to be acquired without unintentionally altering the camera’'s
position. Each camera option (flash, focus, exposure) is controlled from the PC. A
custom profileis created, and the settings are applied to each image to ensure consistency
between shots. The specimen is illuminated using a standard radiograph viewing box,
which provides a diffuse fluorescent light source. No additional lights or camera flash

are required.

Adobe Photoshop is used to perform minor corrections to each image and outline
each anatomical landmark. The image series is then imported into Macromedia Flash to
create an interactive computer-based anatomical atlas of the canine skeleton. The
program can be viewed on any computer using the free Macromedia Flash Player
software. The virtua atlasis distributed on CD-ROM and can also be made available

online using a streaming server.

PROJECT OBJECTIVES

The objective is to design an instructional tool that makes it fun and easy for
veterinary technology students to learn canine skeletal anatomy. This learning tool will

initially be distributed on CD-ROM, but an online version may aso be made available in



the future. The program will be easy to use, allowing the student to focus on learning the
material rather than the interface. When the project is complete, the student will have a
computer-based supplement to the standard cadaver specimens used for instruction in the
anatomy course. This resource will be available to them later in their clinical rotations

and also in ther future careers.

PERSONAL OBJECTIVES

The primary persona objective is to learn more about how computers and
technology can be used to enhance medical education. The advantages and
disadvantages of the QuickTime VR format will be explored, as well as aternate 3D
authoring tools and methods. The author seeks to improve his digital photography skills,
and become more adept at using multimedia authoring programs such as Flash MX and

Live Stage Pro.

This paper is a supplement to the CD-ROM multimedia production. The
document addresses the importance of anatomical knowledge and spatial understanding
for individuals in the veterinary profession. Multiple methods for creating three-
dimensional models and simulations are discussed. The design process is described in
detail, including important highlights of the pre-production and production processes.
The final chapter summarizes what was learned from this project, whether or not the

objectives were met and how it can be improved and expanded upon in the future.



CHAPTER 2

LEARNING ANATOMY

A well-devel oped understanding of spatial anatomical relationships is an essential
skill for individuals working in the field of veterinary medicine. This knowledge is vital
for technicians, practitioners and surgeons alike. It serves as the basis for more complex
subjects such as understanding physiology, diagnosing orthopedic diseases and
interpreting multiple imaging modalities including radiographs, computerized

tomography (CT) and magnetic resonance imaging (MRI).

At the vast mgjority of institutions today, anatomy is taught using physical
specimens. The samples are only available to students in the laboratory during restricted
hours. This approach severely limits access to the learning materials. To help aleviate
this problem, students enrolled in Michigan State University’s veterinary medicine
program receive what is called a*“bone box” to take home and study. This resource
contains a disarticulated canine skeleton and is very useful for the first few weeks of the
anatomy course. The students must be careful not to lose or damage the samples since
they are costly to replace. The bone box must be returned as soon as the first section of
the course has ended. This method has been very successful in helping veterinary

medicine students learn skeletal anatomy.

Due to limited funding and program resources, students in the veterinary

technology program do not receive a bone box to help them learn anatomy. All of the



specimens needed for their education are kept in the laboratory. Thisis very
inconvenient since many of the students would prefer to learn the material at home on
their own time. The majority of studentsin the program have hectic schedules outside of
class. Most are working part-time or full-time jobs in order to finance their education.
Many spend over an hour each day commuting to campus and have very little spare time
to spend traveling to or studying in the lab. However, most fedl that there is no other
option. Most students in the veterinary technology problem describe themselves as
hands-on and visua learners. They learn best when they can physically examine and

mani pul ate the specimens.

It can be difficult for students to learn anatomy from the two-dimensional
resources and atlases that are currently available. Some people have considerable
difficulty transitioning from aflat, two-dimensional picture to athree-dimensiona real
life object. In many atlases, anatomical landmarks are poorly labeled. A confusing series
of lines and arrows are used to point out al of the important structures on a specimen
which can be very overwhelming to students. Many students admit that their costly
anatomy guide books are “gathering dust” because they were difficult to understand or

contained nothing but text.

Students have the potential to benefit greatly from having full-time accessto all
anatomical specimens that are used in their courses. They should have the ability to learn
the material on their own time, at any location they choose. The specimens must be

convenient and inexpensive to access. There should be minimal penalty involved if the



specimens are lost or damaged. A few short years ago, this elaborate vision would have
been impossible to fulfill. The primary problem has been devising a solution that is both
advantageous and cost-effective for the user. Today’s imaging and multimedia

technologies can make this vision areality.



CHAPTER 3

3D IN MEDICAL EDUCATION

Technology available today allows for the creation of digital anatomical
specimens from awide variety of samples. Different methods such as photography, laser
scanning and radiographic imaging can be used to construct three-dimensional models

from specimens both living and preserved.

Virtual models have several advantages over two-dimensiona images and even
their physical counterparts. The digital specimens can be distributed very inexpensively
using recordable media such as CD-ROM or DVD. The models can even be incorporated
into web pages or downloaded as interactive programs. Such afar-reaching cost-
effective approach gives the maximum number of learners accessto the highest quality

material possible.

Three-dimensional models allow the student to move out of the flat two-
dimensional world and actually interact with the specimens being studied. With afew
simple movements of a computer mouse, the sample can be rotated and manipulated as if
it existed in the student’s hand. They are no longer passively memorizing information,
but instead are actively participating in the learning process. Capabilities exist in the
digital world that are impossible to create with ink and paper alone.  The experience can

contain animation, interactivity and even audio narration.



With so many capabilities and such tremendous potential, it is puzzling why this
technology is not being utilized to a greater degree in medical education. A standard web
search yields a limited number of human medical examples. Veterinary examples are
even rarer. One of the largest libraries of QuickTime VR object movies resides on
Wright State University’s Department of Anatomy web site
(http://www.anatomy.wright.edu/QTVR/). This resource contains approximately one
hundred different specimens. Samples include bones, organs and partially dissected
specimens. Each fileis available in avariety of different sizes and qualities to
accommodate a broad range of connection speeds. The samples are of high quality, but

no anatomical landmarks are label ed.

Another site worth mentioning is the eSkeletons Project
(http://mvww.eskeletons.org/). It contains a wealth of information about human, baboon
and gorillaanatomy. Still pictures of bones from the three species can be viewed from a
variety of angles. Thereis also an option to compare bones side by side. Landmarks are
labeled for some of the views, but not for all. Many of the bones can be viewed as an
auto-rotating three-dimensional rotation. However, the user cannot interact with this
movie or enable landmark labeling. The animations are three-dimensiona volume

renderings and do not have photo realistic textures.

Severa other sites make use of the QuickTime format as a solution for organizing
CT and MRI image data in a user-friendly format. The University of Aarhus in Denmark

(http://mww.intermed.dk/qgtvr/) and Murdoch University in Australia



(http://www.ascilite.org.au/ajet/gjet17/phillips.html) have both developed pilot projects
using this technology. Hundreds of radiographic images are combined into one compact
QuickTime VR file. By ssimply dragging the mouse, the user scrolls through each image

in the study. Thisisaconvenient method to distribute the materials to students.

The U.S Nationa Library of Medicine has made a wealth of three-dimensional
data available to devel opers with the creation of the The Visible Human Project

(http://www.nlm.nih.gov/research/visible/visible human.html). High-resolution CT and

MRI images of both a male and female cadaver are available for purchase. While the
level of detail isimpressive, the image data set is massive at approximately 40GB in size.
The material is raw and unlabeled, and requires an experienced anatomist to interpret it
and use the datato its fullest potential. Each image “dlice” must be meticulously
analyzed by a medical professional in order to properly label the anatomical areas of

interest.

Primal Pictures (http://www.primalpictures.com/sub home.asp) is an excellent

resource of three-dimensional models and animations of the human body. The models
can be rotated in any direction and layers such as skin, muscles and blood vessels can be
added or removed. The material is accessible via a standard web browser and is al'so
available on CD-ROM. A Pocket PC version was recently created, giving students and

practitioners even more freedom to use the resources how and where they see fit.



The goal of this project is to create a veterinary resource that uses the QuickTime
VR technology to its fullest potential. The author hopes to learnfrom what others have

accomplished and take QuickTime VR to the next logical step.

10



CHAPTER 4

DESIGN

Designing an interactive educational tool requires content expertise, skillsin
multimedia authoring, knowledge of current distribution technologies and the ability to
design for learning. The focus of the creator should always be centered on the content,
and not merely on the technology that is used to deliver it. Media and technology are
meant to support the content, not replace it. Employing the theory of instructional
design, the learning goals of the target audience were analyzed and the project was
designed to meet their needs. To produce an effective educational product, careful
attention must be paid to design methods, product usability and the proper delivery

format.

MULTIMEDIA

The term “multimedia’ is defined as using more than one type of medium such as
text, graphics, audio, 3D or video to deliver a message. The goa of the designer isto
seamlessly combine these various media types into one project. The integration should
be transparent to the user and deliver an experience greater than that of the individua
components. Multimedia should only be used when it can enhance the effectiveness of

the teaching tool.
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INTERACTIVITY

The goal of interactivity isto make the user an active participant in the learning
process. The learner is no longer governed by the pace and scope of the educator.
Today’s student desires the ability to assimilate information at a rate that they see fit.
Existing tools and technology make it possible to achieve thisgoal. The learner isin

control, accessing what they want, when they want it.

USABILITY AND ENJOYMENT

One of the primary goals of the author is to make the project fun and easy for the
studert to use. The user must have immediate and direct access to the information they
desire. There will be minimal time spent on learning navigation and how the controls
function. The interface elements will be clearly defined, well organized, and consistent
throughout the multiple areas of the project. Most importantly, the user should enjoy
using and interacting with the application. Even though the ultimate goal is to educate,

there is no reason why the user can’'t have a good time while learning.

DELIVERY FORMAT: CD-ROM

There are severa advantages to using the CD-ROM format as a delivery method.
Depending on the media type used, between 650 and 700MB can be written on asingle
disc. This enables the author to include various media types, such as high-quality digital
video or audio, in the production. The discs are inexpensive to produce in mass quantity,
trandating to alower cost for the student. Every asset of the project can be included on

the CD-ROM, eliminating the need for an Internet connection to download additional

12



files. The mgority of modern computers have the ability to read this media type,

allowing the student to use it at home or bring it to school or the workplace to use.

13



CHAPTER S5

PRE-PRODUCTION

It is crucial to plan a multimedia project before beginning the actual production
process. The content area must be thoroughly researched and the scope well defined.
The author must know detailed information about the target audience and how they will
use the final product. The author should have an idea of what tools will be used to create
the project, how the content will be organized and suitable methods for distribution.
User-centered research tools such as persona devel opment and focus group discussions

are very helpful in customizing a production for a particular audience.

MATERIAL COLLECTION

A written list of terms was obtained from the director of the veterinary technol ogy
program. This resource contained the names of specimens and landmarks that a
veterinary technology student must learn during the anatomy portion of their education.
This list was used as a guide during production. It was important that all of the
mentioned landmarks be included in the final version of the project. Any deletions or

additions would lead to confusion on the part of the student.

CONTENT RESEARCH

For each specimen included in the project, it was necessary to thoroughly research
all of the landmarks in a current anatomical atlas. The two publications used were

Miller's Guide to the Dissection of the Dog: Fourth Edition (Evans, 1993) and Miller's

14



Anatomy of the Dog: Third Edition(Evans & del ahunta, 1996). This ensured the

highest level of accuracy and avoided passing misinformation on to the student.

SCOPE

The original goal of the project was to include models of every bone of the canine
skeleton in the production. However, as the project progressed it became evident that this
would not be possible within the given timeline. Small, irregularly shaped specimens
such as the phalanges, metacarpal and carpa bones were very difficult and time-
consuming to photograph and properly label. Other samples such as the bones of the

vertebral column were complicated enough to deserve their own project.

The bones that were included in the final version include the skull, mandible,
scapula, humerus, radius, ulna, pelvis, femur and tibia. On a day-to-day basis, these are

the most important bones for an individual working in the veterinary profession to know.

Each bone has many unique physical areas of importance, or anatomical
landmarks. Asillustrated in atypica two-dimensiona atlas, thislist can be very
overwhelming for the student to learn. Fortunately, it is not necessary for the student to
memorize each and every area. A list of the landmarks the student must learn for the
successful completion of their anatomy course was obtained from the professors of the
veterinary technology program. This reference was used to populate the project, thus

avoiding extraneous terms or blatant omissions.
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TARGET AUDIENCE

This project is designed for first year students in the veterinary technology
program at Michigan State University College of Veterinary Medicine. Over the course
of two to four years the students are trained in diverse areas including animal nursing
care, surgical assistance, anesthesia, radiographic imaging, physical therapy and client
education. The vast mgjority of the students in the program are female. They usualy
have less access to resources both inside and outside the classroom. Most live very hectic
lives, working part-time or nearly full-time while they complete the program. . Many of
the students must make a lengthy daily commute to campus. During the focus group
discussion, the students stated that they learn best using hands-on and visual methods. A
portable, three-dimensiona supplementary resource for learning anatomy is ideal for this

type of student.

The project will be available to students after the anatomy portion of their formal

education has ended. They can use the resource later during the other areas of their

education, during their clinical rotations or even in the field after they have graduated.

PRIMARY PERSONA

A personais afictional user created to aid in the design and development of a
media project. It isimpossible to design for “everyone”, and oftentimes just as difficult
to design for a group of similar individuals. A detailed persona allows the designer to

focus on one representative user, complete with their own unique needs and concerns.
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Elizabeth is 20 years old, and just started her first year in the veterinary
technology program at Michigan State University. So far, she’'s found the credit load and
busy schedule to be alittle overwhelming. Each day, she spends about five hours or so
on campus. It’s her personal rule to be home by 6:00pm to take Cocoa, her chocolate lab,
out for awak. She only has time for a quick dinner and about half an hour of television

before it’s back to the books or off to meet with her study group.

Elizabeth lives aone in a one-bedroom apartment about thirty minutes from
campus. The drive can be adaily frustration especialy if there'salot of traffic.
However, she's very serious about her future career and won't let this stand in her way.
She works part-time at a veterinary clinic not far from her apartment. She has always
loved animals and has been working there since she was sixteen as a ward attendant and
veterinary assistant. Her boyfriend Dave is a graduate student at the University of
Michigan, and they only manage to visit each other about once every two months.
Elizabeth loves to talk on the phone and, after her studying is complete, is often up to

1:00am speaking with Dave, friends or family.

Her parents bought her a new computer last year for her birthday, but she really

hasn’t used it much. She checks her email just about every day, but the Internet

otherwise doesn’t play an important role in her life.

17



INTERFACE DESIGN

A graphica user interface was required to integrate all of the materials. It had to
be appealing in an effort to encourage use. It also had to be logical and easy to use. The
goal was to have an interface that the student could use immediately, without any training
or instruction. Many rough drafts were created in an attempt to combine the specimens,
specimen names, landmark names and buttons. The fina interface was created based on

feedback from a graphic artist and an instructional designer.

TREATMENT

This educational project is intended to make learning canine skeletal anatomy fun
and easy. The CD-ROM gives the student twenty-four hour access to a high quality
virtual 3D skeleton. Specimens can be manipulated and viewed from multiple angles and
specific landmarks can be turned on or off at any time. Audio clips are included to aid

the student in learning the proper pronunciation of the Latin landmark names.

The specimens can be rotated using the mouse much like they can beinred life
using one’s hands. The project can be used at home, or on any of the computers on
campus that are equipped with a CD-ROM drive. Since the project is self-contained on a
CD, it can be played anywhere independent of the availability of an Internet connection

or software plug-ins.

18



PLATFORM

The main software programs used to create this project are Adobe Photoshop 6,
VR Worx and Macromedia Flash MX. The project is designed to run from CD-ROM on
the Microsoft Windows platform. Every computer in the College of Veterinary Medicine
and approximately ninety-five percent of its students use this operating system. A future
goal is to develop a Macintosh compatible version and include both versions on one
hybrid CD-ROM. Thisdua format will have the ability to reach the largest possible

audience of students.

FOCUS GROUP DISCUSSION

A focus group discussion was conducted in order to learn firsthand from students
how a project of this type could be beneficial to them. It was useful to learn how the
students felt about their current anatomy education and how they thought it could be
improved. Ten firs-year students in the veterinary technology program took part in the
discussion. Participation was completely voluntary and many were eager to give their

opinions.

The focus group discussion was very useful and yielded important information
about past experiences, student lifestyle, computer skills and opinions of currently
available learning resources. Several insightful suggestions were made and incorporated

into the project prototype.
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EXECUTIVE SUMMARY

The group had little to no prior experience learning anatomy when they started the
veterinary technology program. They described themselves as visual and hands-on
learners. They benefit greatly from the skeletons and other physical specimens that are
available to them in the lab. Several participants have limited access to these resources
since they have to commute more than one hour to campus each day. They have
difficulty learning anatomy from textbooks and find these written resources more
confusing than helpful. All of the participants have access to personal computers at
home, and the mgjority has Internet access over a dialup connection. Most view the

computer as arecreational item and not as an educational tool.

DETAILED REPORT:

1. Past anatomy couses

“Describe your experiencesin any previous anatomy cour sesyou have taken”

Responses indicated that the group had no prior experiences learning anatomy,
such as during high school or in other undergraduate level courses. One participant
stated that she “never had any anatomy prior to this...” and many others agreed,

commenting that this made it even more difficult to learn the material.

2. Experience with other learning resources

“How easy or difficult isit to learn the material?”

20



The participants described themselves as visual learners and stated that they
prefer the “hands-on” approach, rather than trying to learn the material from two-
dimensional sources. One participant very eloguently described thisas “1 read all day,
and it doesn't sink in. But if | actually seeit, touch it, look at it rather than just reading

about it...”

Severa people said that some of the resources designed to help them are not even
used. One participant commented that “it’s too hard to look at a flat image...”, “I don’'t
even look at our anatomy coloring books...” and “they end up confusing me more than
helping me...” Some textbooks have minimal value from the students' perspective as
evidenced by the statement “one book doesn’'t even have pictures; you're reading it and
oh yeah, that clarifies everything...”

Several subjects expressed varying degrees of confusion when reading their
available anatomy books. Comments included “I’m reading the words but thinking of
something else...” and “I can’'t ook at it and come into lab and look at Gus (physical

specimen) and have them relate...”

3. Lab and computer resources

“Describe your level of satisfaction with the laboratory and computer resour ces that
wer e available to you.”

The participants were very pleased with the computer resources and the physical
specimens that are made available to them. There are an appropriate number of

computers available in the lab and they are always in working order. All stated that they

21



find manipulating the specimens to be very helpful for the learning process. “The
skeletons in there help me alot; it's a 3D object and | can touch it and it’s not flat...”

stated one participant.

One student felt that learning from the skelet