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The goal of this thesis project was to produce and evaluate a video on the
anatomy, neuroanatomy, and physiology of the lower urinary tract (LUT). It was
designed to be a teaching and review tool for medical students, obstetrics and gynecology
residents, and urogynecology fellows. The video combined a variety of media including
illustrations, animations and narration. It was organized into three sections: anatomy of
the LUT, neuroanatomy and physiology, and clinical applications. This project can be
used as a supplemental resource to textbooks and journal articles since these current
resources have shown to be insufficient for proper comprehension of this information.
This thesis document describes the current need for illustrations and animations on the
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anatomy, neuroanatomy and physiology of the LUT, documents the existing resources on
the subject, and describes the objectives, background, significance, research, project
design, and technical implications of the process to create the final video.
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CHAPTER ONE
Introduction

This thesis involved the production and testing of a video on the anatomy, neuroanatomy,
and physiology of the lower urinary tract (LUT). This ten minute video was intended to
be a teaching and review tool targeted towards medical students, obstetrics and
gynecology (OB/GYN) residents, and urogynecology fellows. It was organized into three
sections for clarity: anatomy of the LUT, neuroanatomy and physiology of the LUT, and
clinical applications. The video was designed so that residents, fellows, and medical
students could have accesses to it in the format of a DVD. They could take the DVD
home to study the information, stop and start the video at their leisure, and watch it
multiple times. The video was submitted for consideration to the Society of Gynecologic
Surgeons (SGS). One of the rules for submission was that the video could not exceed ten
minutes.

The coordinated function of the LUT system depends on the complex interactions
between the nervous system and the LUT anatomy. This is a very complicated and often
a misunderstood subject. There is consensus among the urogynecology and OB/GYN
faculty at University of Texas Southwestern Medical Center (UTSW) that residents and
medical students have trouble understanding the topic. This lack of understanding can be
problematic when residents and medical students have to do neurological exams as a part
of physical examinations of female patients with lower urinary tract dysfunction.
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The urogynecologist, resident, and medical student must understand the normal
neurophysiology of bladder filling and voiding in order to properly diagnose patients and
provide them with a valid explanation for their LUT dysfunction. Many medications
used to treat LUT disorders are based on drug-receptor interaction. Certain receptors are
activated by neurotransmitters during bladder filling and voiding phases. These receptors
are located in specific areas of the bladder, vesical neck, and urethra. “Clinically,
pharmacologic agents can be grouped into those that facilitate bladder emptying and
those that facilitate urine storage.” 1 Therefore, it is essential to comprehend the anatomy
of the LUT, its interactions with the nervous system, and to understand the normal
physiology of bladder filling and voiding phases.

At present, there are no animated instructional tools to teach medical students and
physicians in-training the interactions between the various components of the nervous
system and the LUT system. Furthermore, there are presently no educational tools that
correlate specific symptoms and/or physical exam findings with correct diagnoses.
Therefore, development of an animated, instructional video has the potential to greatly
enhance understanding of this complex subject and thus optimize the care of women with
lower urinary tract dysfunction.

____________________________________________

Karram, Mickey M., and Walters, Mark D. Urogynecology and Reconstructive Pelvic Sugery. 3rd
ed. Pennsylvania, PA: Mosby, 2007
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Goals and Objectives:
The goal of this thesis project was to produce a video that would be used by OB/GYN
residents, urogynecology fellows, as well as medical students learning about the female
LUT. The video would combine illustrations, animations, and narration and show the
interaction between the individual components of the LUT and the nervous system. It
also would demonstrate the anatomy of the LUT, illustrate neural pathways involved, and
provide clinical correlations.

In order to achieve this goal, a number of objectives were met. The first objective was to
analyze and define the problem. I researched the neuroanatomy and physiology of the
LUT by means of textbooks and journal articles. According to Petros Mirilas, M.D. and
John E. Skandalakis, M.D., “There is much confusion in understanding the sphincter
urethrae and the superficial and deep perineal spaces that are associated with the
urogenital diaphragm.” 2

John O.L. DeLancey, M.D. states in his chapter entitled, Anatomy of the Female Bladder
and Urethra, in the textbook, Ostergard’s Urogynecology and Pelvic Floor Dysfunction
that, “Previous illustrations of this muscle (compressor urethrae) have frequently been
inaccurate, leading to confusion about its role in continence.” 3 These
____________________________________________
2

Mirilas, Petros, and Skandalakis, John E.. "Urogenital Diaphragm: An Erroneous Concept
Casting its Shadow over the Sphicter Urethrae and Deep Perineal Space." Journal of the American
College of Surgeons 198 (2004): 279-90.
3
Bent, Alfred E., Cundiff, Geoffrey W., Ostergard, Donald R., and Swift, Steven E. “Ostergard's
Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.
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statements may indicate that there is a problem with the way the LUT anatomy is taught
and depicted in illustrations. Medical students typically use illustrations as supplements
to the text in their textbooks. If anatomy is illustrated incorrectly it can be misleading and
cause confusion.

DeLancey also states, “Understanding the structure of the constituent parts of the LUT,
how they are assembled, and how they function is fundamental to understanding the
physiology and pathophysiology of this region.” 4 If the anatomy of the LUT in general is
difficult to comprehend and is not depicted accurately in illustrations, how is it expected
for residents and medical students to properly understand how the nervous system
interacts with it?

Marlene M. Corton, M.D., Associate Professor in the Department of Obstetrics and
Gynecology at The University of Texas Southwestern Medical Center (UTSW) and
Shayzreen M. Roshanravan, M.D., Fellow, Female Pelvic Medicine and Reconstructive
Surgery Division, Department of Obstetrics and Gynecology at UTSW along with Joseph
I. Schaffer, M.D., Professor in the Department of Obstetrics and Gynecology at UTSW
provided insight and served as content experts on this project.

____________________________________________

4

Bent, Alfred E., Cundiff, Geoffrey W., Ostergard, Donald R., and Swift, Steven E. “Ostergard's
Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.

5
Dr. Corton served as my primary contact expert and oversaw the entire project. She is the
director of the UTSW residency program and teaches anatomy in the OB/GYN
department. Dr. Roshanravan, a 3rd year fellow at UTSW has experience teaching
residents and medical students on rotation in the OB/GYN department. She gives many
lectures and has ideas of successful ways to teach people in the medical field. Other
research included observation of surgeries at St. Paul University Hospital in Dallas and
cadaver dissections at the medical school.

Dr. Corton and Dr. Roshanravan were responsible for writing an accurate script
appropriate to the level of the learning level of the audience. Illustrations and a
storyboard were then produced and coordinated with the script. Once the script was
completed, Dr. Roshanravan narrated the final version which was professionally
recorded. The drawings and the narration were edited together as an animation in a
comprehensive video presentation that was clear and concise. A pre-test based on the
neuroanatomy and physiology of the LUT was distributed to residents and fourth year
medical students in order to test their knowledge of the area. After the test, the video was
shown to the group. The test was given again as a post-test along with survey questions.
The pre-test and post-test results were compared.

Part of the thesis plan was to present the video at an OB/GYN conference. After much
discussion it was decided that it would be submitted as a 10 minute educational video to
the Society of Gynecologic Surgeons (SGS).

6
Background
As stated previously, this topic is complicated and often misunderstood. Dr. Corton and
Dr. Roshanravan both expressed frustration in producing inadequate lecture material on
the subject.

Petros Mirilas, M.D. and John E. Skandalakis, M.D., wrote in their journal article about
the urogenital diaphragm, “The area is difficult to teach, dissect, and operate on,” and,
“We have experienced great difficulty in explaining the extrinsic continence mechanism,
especially in the female.” 5

How the neuroanatomy and physiology of the LUT is described and depicted in
textbooks was vague or over complicated. Definite knowledge of the neural pathways
involved in filling and voiding is controversial. A lot of the information about this topic is
not entirely understood. This makes the topic even more difficult for the professor or
author to explain, and for the reader to comprehend. “The precise neurologic pathways
and neurophysiologic mechanisms that control these functions of storage and micturition
are complex and not completely understood.” 6

____________________________________________
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Mirilas, Petros, and Skandalakis. John E. "Urogenital Diaphragm: An Erroneous Concept
Casting its Shadow over the Sphicter Urethrae and Deep Perineal Space." Journal of the American
College of Surgeons 198 (2004): 279-90.
6
Bent, Alfred E., Cundiff, Geoffrey W., Ostergard, Donald R., and Swift, Steven E. “Ostergard's
Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.
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Significance
LUT dysfunction is a very common condition that urogynecologists deal with frequently.
"Lower urinary tract dysfunction, including urinary incontinence, is a prevalent
condition, estimated to affect 1 in 10 women nationwide.” 7 It negatively impacts quality
of life and often results in social isolation.

The lower urinary tract consists of the bladder, vesical neck, and urethra. Its primary
function is storage and evacuation of urine. Although its function sounds simple, storage
and elimination of urine are complex processes that involve the interaction of the entire
nervous system with each of the components of the LUT. Understanding the structure of
the fundamental parts of the lower urinary tract, their anatomical relationships, and how
they function is essential to understanding the physiology and pathophysiology of this
region. 8

The conventional way for students to learn about neurophysiology is by reading about it
in a textbook, where each component of the LUT and nervous system is described in a
separate section. In general, exposure to neuroanatomy is limited to the one-semester
course taken in the first or second year of medical school training. The challenge comes
when the student has to integrate all this information and then apply it to a patient. This
____________________________________________
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Olsen, A. L., et al. “Epidemiology of Surgically Managed Pelvic Organ Prolapse and Urinary
Incontinence.” Obstetrical Gynecology (1997): 501-506.
8
Bent, Alfred E., Cundiff, Geoffrey W., Ostergard, Donald R., and Swift, Steven E. “Ostergard's
Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.

8
can be either a theoretical one in an exam question or a real one in the clinic or hospital
setting.

In order to be able to diagnose a patient and decide whether their dysfunction is
parasympathetic or sympathetic, one must be educated on the normal physiologic
functions of the LUT and its peripheral innervation.

As previously stated, basic concepts about the autonomic nervous system are typically
taught in neuroanatomy courses and textbooks. Senior level medical students, residents
and fellows may find it difficult to recall the neuroanatomy concepts when reading papers
and textbook chapters on the topic of LUT dysfunction.

Urogynecologists must perform a comprehensive neurological exam that requires a basic
understanding of neuroanatomy when examining a female patient with LUT dysfunction
symptoms. “The urogynecologist must understand the neurophysiology of normal
voiding, be familiar with the physical findings that may suggest a neurologic explanation
for voiding dysfunction, and know which urodynamic and electrophysiologic tests are
required as they relate to neurologic causing of voiding dysfunction.” 9

____________________________________________
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Bent, Alfred E., Cundiff, Geoffrey W., Ostergard, Donald R., and Swift, Steven E. “Ostergard's
Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.
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Clinical studies have shown that patients who present with brain and spinal cord lesions
have LUT dysfunction. Voluntary control of micturition is mediated by connections
between the frontal cerebral cortex and the pons. Voluntary control of the striated
urogenital sphincter muscles (SUS) is through the corticospinal pathways connecting the
frontal cerebral cortex with Onuf’s somatic nucleus. Depending on where the lesion is in
the brain or in the spinal cord will determine what type of LUT dysfunction the patient
has. 10

“Understanding the anatomy and physiology of the basic reflex pathways and central
voluntary control involved in lower urinary tract function is necessary, but appreciating
the dynamic ability of the neurons to modify these pathways is essential to application of
modern therapies.” 11 A thorough understanding of the neurological control of the LUT
allows for correct choice of medications when managing LUT dysfunction. Medications
act on the parasympathetic or sympathetic system depending on if the patient presents
with a voiding or storage problem.

With few resources, other than textbooks and journal articles, a video that describes the
normal neuroanatomy and physiology of the LUT as well as clinical applications would
serve as a great tool for residents and medical students.
____________________________________________
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Karram, Mickey M., and Walters, Mark D. Urogynecology and Reconstructive Pelvic Sugery.
3rd ed. Pennsylvania, PA: Mosby, 2007.
11
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3rd ed. Pennsylvania, PA: Mosby, 2007.
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Limitations
This thesis project is limited to the level-appropriate information about the female lower
urinary tract anatomy, neuroanatomy, and clinical correlations. The project is limited to
the final format of a ten minute video presented on a DVD which is a rule of the Society
of Gynecologic Surgeons. Videos longer than ten minutes will be disqualified. Another
limitation is that the residents and medical students who are tested will be shown the
video one time during the evaluation process.

CHAPTER TWO
Review of the Literature

An important objective of this project was a thorough review of the literature currently in
existence. There are many resources such as journal articles and textbook chapters that
describe the anatomy, neuroanatomy and physiology of the LUT, but many of them do
not have helpful visual media. All images in the literature reviewed were static drawings
with no animation. By reviewing the literature about the anatomy, neuroanatomy and
physiology of the LUT, it is evident that this is a very important topic for
urogynecologists, OB/GYN residents, fellows, and medical students to understand
because it is essential in diagnosing and treating LUT dysfunction.

It was decided that creating a video reviewing and clarifying the anatomy and normal
physiology of the LUT and providing clinical correlations would be relevant and
beneficial to the target audience. The purpose of the video would be to enhance the
literature in a clear way that was easy to follow and be memorable.

Analysis of Illustrations Used in Literature
One possible reason why residents, fellows, and medical students may have difficulties
when learning about the neuroanatomy and physiology of the LUT can be because of
confusing or inaccurate illustrations.

After researching the anatomy of the female LUT, it was possible to pick out errors or
inconsistencies in images in textbooks and articles. In the journal article Pelvic Floor:
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Anatomy and Function, 12 the illustration used to show the sympathetic, parasympathetic,
and pudendal nerve supply was incorrect (figure 2-1). This illustration showed the
pudendal nerve being formed by sacral nerves S1, S2, and S3. This should have shown
the pudendal nerve receiving contributions from sacral nerves S2, S3, and S4. Providing
inaccurate illustrations such as this could potentially cause confusion and could possibly
lead to negative and dangerous results, such as surgical or diagnostic mistakes, if a doctor
or future doctor is learning from information that is erroneous.

The anatomy of the female bladder was the most common structure found to be
illustrated incorrectly. The image of the female coronal bladder in the textbook, A.D.A.M
Student Atlas of Anatomy 13 was stylistically pleasing, but it was anatomically inaccurate
(figure 2-2).

The sphincter urethrae was not present in this image. This was surprising because the
sphincter urethrae is one of the most commonly known muscles of the LUT. Also, the
compressor urethrae and urethrovaginal sphincter complex was misnamed and located
too high in relation to the urethra.

____________________________________________
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Bharucha, A. E. "Pelvic Floor: Anatomy and Function." Neurogasteroenterology Motility 18
(2006): 507-19.
13
Olsen, Todd R. “A.D.A.M. Student Atlas of Anatomy.” Media, PA: Williams & Wilkins, 1996.
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Figure 2-1. Image from Pelvic Floor: Anatomy and Function depicting the anatomy of the
pudendal nerve incorrectly.
Bharucha, A. E. "Pelvic Floor: Anatomy and Function." Neurogasteroenterology Motility 18
(2006): 507-19.

Figure 2-2. Image of a coronal section of the female bladder from A.D.A.M Student Atlas of
Anatomy.
Olsen, Todd R. “A.D.A.M. Student Atlas of Anatomy.” Media, PA: Williams & Wilkins, 1996.
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In the textbook most commonly used by medical students, Netter’s Atlas of Human
Anatomy,14 the female bladder also had faults. In this image (figure 2-3), the compressor
urethrae and urethrovaginal sphincter were both missing. There was a vague area on the
lower third of the urethra where these structures should have been, but it was not labeled
and looked like white fascia rather than striated muscle. Also, the levator ani muscle was
touching the sphincter urethrae muscle which is anatomically incorrect.

Figure 2-3. Image from, Atlas of Human Anatomy of a coronal section of the female bladder.
Netter, Frank H. Atlas of Human Anatomy. 3rd ed. Teterboro, NJ: Icon Learning Systems, 2003.

Ostergard’s Urogynecology and Pelvic Floor Dysfunction 15 was the only found
reference that had a diagram of the muscular layers of the urethra in a cross-section
(figure 2-4). However, this image was very schematic. The muscular layers of the urethra
____________________________________________
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Netter, Frank H. Atlas of Human Anatomy. 3rd ed. Teterboro, NJ: Icon Learning Systems,
2003.
15
Bent, Alfred E., Cundiff, Geoffrey W., Ostergard, Donald R., and Swift, Steven E. “Ostergard's
Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.
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were not shown in detail. To understand of the structures of the urethra, a histology book
was necessary to reference in order to visualize the image more effectively.

Figure 2-4. Image from Ostergard’s Urogencology and Pelvic Floor Dysfunction of a coronal
section of the layers of urethra.
Bent, Alfred E., Cundiff, Geoffrey W., Ostergard, Donald R., and Swift, Steven E. “Ostergard's
Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.

It was very difficult to find references that portrayed the striated urogenital sphincter
muscles of the LUT. These muscles (sphincter urethrae, urethrovaginal sphincter, and
compressor urethrae) could be found inconsistently in illustrations depicting the coronal
cut of the bladder but it was very rare to find them uncut or from the sagittal view.

One textbook that medical students generally refer to when studying anatomy is Grant’s
Atlas of Anatomy.16 In the chapter about perineum there were two pages dedicated to the

16
muscles of the LUT in males and females (figure 2-5). All three muscles were present in
these illustrations. However, the drawings were not rendered in much detail and the only
other structures present in the illustration were the vagina and bladder or the prostate and
bladder. It was difficult to envision anatomical relationships of the SUS muscles to the
anatomy of the pelvis in these images.

Figure 2-5. Image from Grant’s Atlas of Anatomy of the muscles of the LUT in the male and
female.
Agur, Anne M., and Dalley, Arthur F. Grant's Atlas of Anatomy. 11th ed. Baltimore, MD:
Lippincott Williams & Wilkins, 2005.

The most helpful image found depicting the SUS muscles was in Ostergard’s
Urogynecology and Pelvic Floor Dysfunction. 17 The illustration came from the

____________________________________________
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Urogynecology and Pelvic Floor Dysfunction”. 5th ed. Philadelphia, PA: Lippincott Williams &
Wilkins, 2003.

17
T.M. Oelrich journal article The Striated Urogenital Sphincter Muscle in the Female.18
This image displayed the SUS muscles intact from an anterior and oblique view and
showed a cut ischial ramus bone, the vagina, vaginal wall, and bladder. All SUS were
present and in anatomical position (figure 2-6).

Figure 2-6. T.M. Oelrich illustration from the article, The Striated Urogenital Sphincter Muscle in
the Female.
Oelrich, T. M. "The Striated Urogenital Sphincter Muscle in the Female." Anatomical Record 205
(1983): 223-32.

There were some factors that made this image awkward. Firstly, the vaginal wall ended
as a stump in Oelrich’s illustration. In reality the vagina merges into the uterus behind the
bladder. The shape of the vaginal opening was also inaccurate. When the vagina is cut

____________________________________________
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Oelrich, T. M. "The Striated Urogenital Sphincter Muscle in the Female." Anatomical Record
205 (1983): 223-32.
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and viewed on a cadaver the opening is “H” shaped and in the Oelrich illustration it
looked tear shaped. Stylistically this drawing was not very esthetically pleasing to look at
and the muscles were drawn rather crudely with little dimension.

Finding images showing the autonomic nerves of the pelvis that were clear and easy to
understand were extremely difficult to find. After studying the nerves of the pelvis in the
anatomy lab, it was evident that it was difficult to distinguish between small nerves and
fascia in the pelvis. It is understandable that the autonomic nerves of the pelvis would be
difficult to illustrate, but it was unfortunate that some references created images that were
so confusing that they were difficult to observe.

In Grant’s Atlas of Anatomy,19 there was an illustration of the autonomic nerves of the
pelvis (figure 2-7). In an attempt to be helpful, this illustration was color coded so show
the difference between the sympathetic, parasympathetic, mixed sympathetic and
parasympathetic, and somatic nerves. The coloring system worked logically until the area
of the inferior hypogastric plexus (IHP). Here, the nerves are mixed sympathetic and
parasympathetic. The colors chosen were blue and green and were so dark that they
blended into each other. It was difficult to distinguish different nerve types in this area. It
was also very hard to tell that the IHP is formed by visceral efferents from sacral nerves
S2, S3, and S4. This illustration was attempting to be schematic, but created even more
confusion to an area that is already very perplexing.
____________________________________________
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Agur, Anne M., and Dalley, Arthur F. Grant's Atlas of Anatomy. 11th ed. Baltimore, MD:
Lippincott Williams & Wilkins, 2005
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Figure 2-7. Image from Grant’s Atlas of Anatomy of autonomic nerves of the torso and pelvis.
Agur, Anne M., and Dalley, Arthur F. Grant's Atlas of Anatomy. 11th ed. Baltimore, MD:
Lippincott Williams & Wilkins, 2005.

Te Linde’s Operative Gynecology 20 had very detailed, beautiful, black and white
illustrations that showed the autonomic nerves of the pelvis. One image was shown from
the front, but it only displayed the superior hypogastric plexus and was not seen
terminating and innervating the pelvic viscera (figure 2-8). In the second image, the
pelvic viscera were pulled out to show the nerves going to the organs (figure 2-9). The
only problem with this image was that the nerves were not very well defined. This image
did not show how the inferior hypogastric plexus terminates by dividing into the middle
rectal plexus, uterovaginal plexus, and the vesical plexus.
____________________________________________
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Figure 2-8 and 2-9. Images of the autonomic nerves of the female pelvis from Te Linde’s
Operative Gynecology.
Thompson, John D., and Rock, John A. “Te Linde's Operative Gynecology.” 7th ed. Philadelphia,
PA: J.B. Lippincott Company, 1992.

There were multiple images of the autonomic nerves of the pelvis in Netter’s Atlas of
Human Anatomy 21 that were similar to those in Te Linde’s Operative Gynecology. There
was an image from the sagittal view with the organs pulled out to the side (figure 2-10).
The inferior hypogastric plexus was more informative than the image in Te Linde’s
Operative Gynecology. The middle rectal plexus, urethrovaginal plexus, and vesical
plexus were all labeled. This image was a bit clearer because it can be seen that the
inferior hypogastric plexus receives contributions from S2, S3, and S4. The front view of
the inferior hypogastric plexus was not as easy to understand (figure 2-11). Nerves were
disorganized and overlap each other which made it difficult to interpret.
____________________________________________
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Figure 2-10 and 2-11. Images of the autonomic nerves of the female and male pelvis from Atlas
of Human Anatomy.
Netter, Frank H. Atlas of Human Anatomy. 3rd ed. Teterboro, NJ: Icon Learning Systems, 2003

It was necessary to go though several anatomy and physiology textbooks for pre-med and
medical students to get a generalized summary of the autonomic nervous system anatomy
and function. In the book Netter’s Atlas of Human Neuroscience, 22 a typical illustration
describing the autonomic nervous system was present (figure 2-12). This image was an
overview diagram of the sympathetic and parasympathetic connections to every organ
system in the body. This type of image can be found at the beginning of every autonomic
nervous system chapter in general anatomy and physiology textbooks. The autonomic
nervous system is a difficult and confusing topic and presenting it in such a confusing
format like this can often intimidate the reader. There were so many lines that
overlapped, colors, and illustrations in this one image that it was difficult to follow.
____________________________________________
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Figure 2-12. Images of the autonomic nerves of the female and male pelvis from Netter's Atlas of
Human Neuroscience.
Felten, David L., and Jozefowicz, Ralph F. Netter's Atlas of Human Neuroscience. Teterboro, NJ:
Icon Learning Systems, 2003.

The video lecture, The State of Urinary Incontinence in Woman, 23 by Michael B.
Chancellor, M.D., was very effective in describing the neuroanatomy and physiology of
the LUT . He spoke about topics such as urine storage and micturation reflexes, neural
control of micturation (peripheral nervous system and central nervous system), and
specifically about parasympathetic, sympathetic and somatic nerve innervation to the
LUT. Dr. Chancellor taught through a Power Point ® slide presentation with very
limited graphics (figure 2-13). The images he used of the neurological and anatomical
components of the LUT were illustrated in a very schematic way.

____________________________________________
23

Chancellor, Michael B. "Neurophysiology of Stress Urinary Incontinence." Postgraduate
Institute for Medicine. The State of Urinary Incontinence in Women National Faculty Conference.
Scottsdale, AZ. 6 Nov. 2003.

23
The pathways were explained clearly, but the images could have been more detailed,
refined, and pleasant to view.

Figure 2-13. Images from Dr. Chancellor’s lecture, Neurophysiology of Stress Urinary
Incontinence.
Chancellor, Michael B. "Neurophysiology of Stress Urinary Incontinence." Postgraduate Institute
for Medicine. The State of Urinary Incontinence in Women National Faculty Conference.
Scottsdale, AZ. 6 Nov. 2003.

A careful review of the illustrations currently present in literature such as journal articles
and textbooks describing the anatomy, neuroanatomy and physiology of the LUT,
indicated that they did not have helpful visual media. All media in the literature assessed
were static drawings with no animation. The literature review proved that additional
material such as more precise and accurate illustrations were needed to enhance the text
about the neuroanatomy and physiology of the LUT.
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The Value of Narrated Animation in Teaching

After reviewing the illustrations associated with current literature about the anatomy,
neuroanatomy and physiology of the LUT, it was revealed that all visual media consisted
of static illustrations. Not only was there a need for accurate static illustrations, but there
was also a need to teach such concepts in a different format such as an animated video.

When Dr. Roshanravan gave her lecture, Neurophysiology of the Lower Urinary Tract, 24
she chose to use transparencies with outline drawings she made as visual supplements.
The drawings helped show the connections between the nervous system and the LUT.
However, since there are a lot of pathways to be considered that there are sympathetic,
parasympathetic as well as somative pathways, one could imagine that her transparencies,
covered with arrows, were confusing. If Dr. Roshanravan had a multimedia video to
assist her, consisting of animations, images, text, and narration that showed the neural
pathways from both the brain and the spinal cord to the bladder, her lecture would have
been even more effective.

“Multimedia learning occurs when students build mental representations from words and
pictures that are presented to them.” 25 According the article, The Promise of Multimedia
Learning: Using the Same Instructional Design Methods across Different Media by
____________________________________________
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Richard E. Mayer, learning from multimedia resources consisting of words and pictures
is superior to learning in traditional ways, such as listening to lectures.

Not only are lectures a traditional way of teaching, but reading from textbooks with static
images is as well. According to the article, Animation and Learning: Selective Processing
of Information in Dynamic Graphics by R.K. Lowe, “Animation can provide learners
with explicit dynamic information that is either implicit or unavailable in static graphics.”
26

Since there is a lot of access to technology in universities, and almost everyone has

access to a computer or a television with a DVD player, there is no reason why we must
only rely on static images from which to learn.

There has been research that verifies that learning only by verbal mechanism does not
work very well. “Students who listen to (or read) explanations that are presented solely as
words are unable to remember most of the key ideas and experience difficulty in using
what was presented to solve new problems.” 27 Verbal narration along with imagery and
labeling can give the viewer two ways to absorb the information—it can potentially
attract viewers who learn visually through pictures and text, and other who are auditory
learners. “Because students learn through various methods (auditory, visual, and kinetic),
the use of animation and associated sounds may present the concept more effectively
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than static illustrations or reading of text.” 28 It is possible that retention is higher with
animations verses textbooks and Power Point® presentations.

Narration of the video was also a key detail when creating this thesis project. Dr.
Roshanravan narrated the video. “Personalized messages may prime the conversation
schema in learners—that is, learners may be more willing to accept that they are in a
human-to-human conversation including all the conventions of trying hard to understand
what the other person is saying.” 29 From there, the student can organize and integrate the
information in a more natural way. There is also evidence that information is better
absorbed when it is narrated in a conversational style opposed to a formal style. “The
personalization effect is that students learn more deeply from a multimedia explanation
when the words are presented in conversational style rather than formal style.” 30

Another point to consider is how effective the closeness of text to the corresponding
illustration can be. When reading textbooks, quite often figures that relate to paragraphs
of text are not on the same page. This can lead to confusion and the reader may not grasp
the points and may not associate the image to the text since they are not in the same
location. “The spatial contiguity effect is that students learn more deeply from
multimedia explanations when corresponding words and pictures are presented near to
rather than far from each other on the page or screen.” 31
____________________________________________
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When creating a narrated animation, one must be careful as to what information is
included. According to Mayer’s research, when irrelevant material is added, student’s
comprehension of the material will be impaired. During the production of the script, it
was necessary to create multiple versions of content outlines, in order to choose the most
relevant information to be discussed in the video.

According to the research of relevant literature, existing illustrations, and the opinions of
Dr. Corton and Dr. Roshanravan, there are no animated tools that teach OB/GYN
residents, fellows, and medical students the interactions between the nervous system and
LUT. Extensive research on the value of narrated animation used in teaching
demonstrated that a narrated video which combines animations, illustrations, and text is a
successful way to present my thesis project, Neuroanatomy and Physiology of the LUT
with Clinical Applications.

CHAPTER THREE
Methodology

Concept Development
The goal of this thesis project was to create a video that would educate OB/GYN
residents, fellows, and medical students about the neuroanatomy and physiology of the
LUT as well as provide relevant clinical correlations. Discussions with mentors and
content experts and review of many journal articles, textbooks, and video presentations,
resulted in the decision of what material needed to be presented. The video was
developed through the production of storyboards, illustrations, and animations. The video
was edited and exported as a Quicktime® movie and was burned onto a DVD. The DVD
was shown to a group of OB/GYN residents and medical students who evaluated the
product.

Target Audience
The target audience for this project was OB/GYN residents, urogynecology fellows, and
medical students. This video was designed for residents, fellows, and senior level medical
students who need a quick review of the neuroanatomy and physiology of the lower
urinary tract, but can also be used by first and second year medical students learning the
concepts for the first time. All of the audio and visual elements were designed to address
the needs of the audience.
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Pre-Project Planning
In initial meetings with Dr. Corton and Dr. Roshanravan, we discussed very basic ideas
about content. Dr. Roshanravan and I met several times and took notes about key topics
we felt were necessary to discuss. I made an outline with all information we discussed
and gave it to Dr. Corton to review. Dr. Corton felt that a lot of the information was too
basic for our audience. My outline was better suited for a first year medical school class
as opposed to residents, fellows, and senior medical students.

The next step was to have a meeting with Dr. Corton, Dr. Roshanravan, Lewis Calver and
Kim Hoggatt Krumwiede. This meeting was necessary so that all members of the
committee could be in agreement about the content that was to be presented.

It was decided that a ten minute animated video would be produced. One third of the
video would be about anatomy, the second third about normal physiology and the final
third would be clinical correlations. The audience would be OB/GYN residents,
urogynecology fellows, and medical students. Dr. Corton and Dr. Roshanravan were in
charge of writing the script so that the content would be level appropriate. It was
determined that black and white illustrations would be most effective for the animation.
The logic behind this decision was that structures highlighted in color when spoken about
would pop more and be more noticeable on a black and white illustration.
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The Script
Dr. Corton wrote the script with some contributions from Dr. Roshanravan, Dr. Joseph
Schaffer, and Dr. Amanda White. The first draft of the script read at about twenty
minutes long. Dr. Corton, Dr. Roshanravan, and I edited the entire script down to the
required ten minutes so it could be submitted to SGS. Dr. Roshanravan recorded a final,
professional version of the script at UTSW’s Medical Television which was saved as a
.WAV file.

The Illustrations
While the script was being written, it was in my best interest to begin creating
illustrations that would definitely be used in the project. During this time I had many
meetings with my mentors and content experts.

Since female pelvic anatomy is such a complicated area to comprehend, it was necessary
to make the illustrations as clear as possible. The style of the illustrations would be
sketches that were scanned into Adobe Photoshop® and rendered in black and white on a
grey background. White nerves, which were important to depict in the illustrations would
stand out against a grey background, opposed to a white background. When areas were
highlighted in color in the video, they would show up against the black and white tonal
drawing as well as the grey background.

The following sections describe the process of the most important illustrations in this
project.
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Nerves of the Pelvis
The first illustration produced was entitled Nerves of the Pelvis. It was essential for this
illustration to depict the autonomic and somatic nerves of the pelvis. Two illustrations in
the textbook, Te Linde’s Operative Gynecology” 32 served as inspiration. One image
displayed the superior hypogastric plexus from the front view, but it did not show its
connections to the inferior hypogastric plexus and the viscera (figure 3-1). The second
illustration presented the superior and inferior hypogastric plexus and the sacral plexus
from the side (figure 3-2). The pelvic viscera were shown pulled to the side.

Netter’s Atlas of Human Anatomy 33 had illustrations of autonomic nerves also from the
front and side view. Netter’s front view of the autonomic nervous system and LUT was
based on male anatomy and was similar to the image in Te Linde’s Operative
Gynecology.

For the drawing Nerves of the Pelvis, I wanted to display the pelvis from an anterior view
and at the same time show the viscera pulled forwards as it was shown in Te Linde’s
Operative Gynecology. It was also necessary to include all components of the nervous
system (including superior and inferior hypogastric plexuses, sympathetic chain, pelvic
nerves, and sacral plexus), viscera (bladder, uterus, and rectum) and landmarks
(descending aorta, internal and external iliac arteries and ureters) in one illustration.
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Figure 3-1 and 3-2. Images from “Te Linde’s Operative Gynecology.”
Thompson, John D., and Rock, John A. “Te Linde's Operative Gynecology.” 7th ed. Philadelphia,
PA: J.B. Lippincott Company, 1992.

Upon completion of initial research, I began the illustration by drawing a front view of
the pelvis from life. Once completed, the sacral plexus, sympathetic chain, superior and
inferior hypogastric plexus and the bifurcation of the aorta were drawn on a piece of
tracing paper, using many references to ensure accuracy. In this illustration, no viscera
were present and the nerves were symmetrical on both sides of the pelvis (figure 3-3).

To familiarize myself with pelvic anatomy in more detail it was crucial do further
research. I was unhappy with the initial sketch because I felt it could be more descriptive.
The solution was the addition of the viscera to show the connections of the nerves to the
organs by way of the vesical plexus, urethrovaginal plexus, and the middle rectal plexus.
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Figure 3-3. This pencil drawing was the first draft of Nerves of the Pelvis.

During this time, I went to the cadaver lab to observe prosections. There was a cadaver
cut in half showing somatic and autonomic nerves of the female pelvis. Careful
observation of nerve sizes and anatomic position were made. I used a towel clamp to pull
the uterus and rectum forward, allowing me to see how much the organs could be
manipulated, and what would happen to the branches of the inferior hypograstric plexus
once the organs were pulled. During this session, many photos were taken (figure 3-4).

The final sketch illustrated the pelvis from the anterior view, and displayed the bladder,
uterus, and rectum, the ureters, aorta, superior and inferior hypogastric plexus, sacral
plexus, pelvic nerves, and sympathetic nerves (figure 3-5). The final version was created
on multiple pieces of paper. The boney pelvis was drawn on opaque paper, and then all
other components were drawn on tracing paper. Once completed, the drawings were
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Figure 3-4. Photos of the nerves of the pelvis in a female pelvis cut in a sagittal section. The
rectum and uterus are being pulled out to the side by towel clamps.

scanned separately and put into register on Adobe Photoshop®. The next step would be
to tone the entire image in black and white. Each part of the illustration was rendered on
separate layers. For example, one layer was for the pelvis sketch, the pelvis’ tone, its
highlights and its shadows. On layers on top of that, were the nerves, organs, towel
clamp, their tone, their highlights and the shadows they would cast (figure 3-6). Any
layer could potentially be taken away and the drawing would still make sense. In order to
be able to see through the images, layer properties were changed to “multiply” so the
pencil lines would show through the tonal layers. However, a problem arose because all
layers were see-through. For example, the boney pelvis could be seen through the nerve
layers. To solve this problem, white masks, or silhouettes were created under each group
of layers. A silhouette would be the lowest underlying layer in a group.
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Figure 3-5. This is the completed version of Nerves of the Pelvis on a grey background.

Figure 3-6. Screen shot of working file of Nerves of the Pelvis. Examples of Adobe Photoshop®
layers are on the right side of the image.
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Muscles of the Lower Urinary Tract
Barbara Hoffman, M.D., who was unrelated to my thesis, provided me with illustrations
based on the LUT that she included in the book, William’s Gynecology. One of the
drawings was by T.M. Oelrich, first published in the article entitled, The Striated
Urogenital Sphincter Muscle in the Female. 34 This drawing showed the striated
urogenital sphincter muscles from front and side view with the pelvis removed, except a
stump of the ischial ramus (figure 3-7). The drawing was interesting since it was of
muscles that were often overlooked in anatomy textbooks, but at the same time it was
confusing and the quality of the illustration was poor.

Figure 3-7. T.M. Oelrich illustration from the article, The Striated Urogenital Sphincter Muscle in
the Female.
Oelrich, T. M. "The Striated Urogenital Sphincter Muscle in the Female." Anatomical Record 205
(1983): 223-32.
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The first step was to create a base drawing of a pelvis. The Oelrich drawing was missing
the majority of the boney pelvis. An illustration that included the pelvis and boney
landmarks would help describe where the organs and muscles were located. I chose to do
a view from a unique perspective, but one that would be able to clearly show the SUS
muscles.

With few references available, the Oelrich drawing was my main source of inspiration. I
sketched in the bladder and vagina at the same angle that he did and then realized that the
perspective was incorrect. Rather than relying on other illustrations for such a complex
drawing such as this, I had to go back to square one and figure out proper perspective
using points, lines, and landmarks in order to make sure every component was in the
proper anatomical location. Another setback was that the pelvis model I referenced was
not accurate. The problem was with its symmetry. The sacrum was not perfectly centered
on the model and therefore distorted the perspective in my drawing. Once the perspective
was corrected, the decision was made to including the bladder and SUS muscles, the
vagina and uterus, sacral plexus, pudendal nerve and its branches, and perineal
membrane.

After the sketch was completed, the toning phase of Muscles of the LUT was basically
identical to Nerves of the Pelvis using Adobe Photoshop® (figures 3-.8).
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Figure 3-8. This is an early version of Muscles of the LUT on a white background and the
completed version on grey.

Brain and Spinal Cord
For the video, it was required to illustrate a brain that displayed both the frontal lobe and
the pons. A sagittal view of the brain would be the best choice for this illustration since
the frontal lobe and pons are visible from this view. Dennis Burns, M.D., provided
reference photos of the brain from a sagittal view. Illustrations from various textbooks
were also used as reference material. Two versions of the brain were created—a highly
rendered detailed version and a schematic outlined version.

Filling and Voiding Bladders
In order to make the filling and voiding bladders appropriate for my video, preplanning
was necessary. These two drawings would ultimately have to fade into each other to give
the illusion of a filling to emptying bladder.
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Many illustrations in textbooks that I used as reference were anatomically inaccurate. In
some illustrations, muscles and structures were missing. To properly understand the
vesical trigone, I went to St. Paul Hospital with Dr. Corton and watched and assisted in
several cystoscopies. This experience helped me understand that the trigone is located on
the back side of the bladder, and it dips further back in space than the dome. I was also
able to see that the trigone is a different texture and is shinier than the rest of the bladder.

The layers of the urethra were to be discussed in the video. Details were added to the
urethra in my drawing. In the illustration of the cross section of the bladder, the urethra
was divided into the following layers: mucosa, submucosa, inner longitudinal and outer
circular smooth muscle, and striated muscle. A vascular plexus was added into the
submucosa because it was described in the script. An image was created that showed the
layers of the urethra in a three dimensional way to show what they looked like uncut
(figure 3-9).

In order to draw the voiding bladder, the filling bladder had to be used as a guide. Both
drawings had to be in register with each other to make the animation work. In Adobe

Figure 3-9. Details of the layers of the urethra in cross section and uncut
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Photoshop® I copied the urethra of the filling bladder and then opened it up (to imply
voiding) by nudging each side of the urethra laterally. The dome of the voiding bladder
was drawn, rugae were added, and was combined with the drawing of the open urethra.

More steps were needed to animate the bladder from filling to voiding, so an intermediate
step was made. Adjustments to the original bladders were made in order to create
bladders for the clinical correlations section (figure 3-10).

Light Switches
When reading the script provided by Dr. Corton, it became apparent that I would have to
figure out a way to visually show sympathetic, parasympathetic, and somatic activation
and inhibition. Traditionally, (+) and (-) signs are used to show if a nerve is activated or
inhibited. In Dr. Chancellor’s presentation, Neurophysiology of Stress Urinary
Incontinence35 he used these symbols frequently.

I came up with the concept that light switches could be used as a visual cue to show
sympathetic, parasympathetic, and somatic systems being turned on or off. It was decided
that since this was not the traditional way of showing nerve activation and inhibition that
(+) and (-) symbols would be included along with the light switches.
____________________________________________
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Figure 3-10. Full, intermediate, and emptying bladders.

This way, viewers would have the symbols they are used to seeing and also be able to
understand the concepts of nervous system activation and inhibition in a new and more
unique format.

The light switches began as line drawings. These switches were solid white with a thin
black outline. Since this type of style contrasted too much with the fully rendered style of
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drawings that were to be used in the rest of my video, the decision was made to tone the
light switches so they would have more dimension. When the light switches were turn on
and highlighted with a color in the animation, the color would look like it is glowing
(figure 3-11).

Figure 3-11. Different styles of the light switch.

The Storyboard
Once the script was completed, a storyboard could be generated. The storyboard was
based on the script and displayed the ideas for my animation. The storyboard was very
helpful because it allowed for my mentors and content experts to all be familiar with
what exactly would be shown as the narration was read. The purpose of the storyboard

43
was to make sure everyone on the thesis committee was in agreement and that there were
no miscommunications about visual content.

The majority of illustrations that were to be used in my video were completed before the
storyboard was produced. The storyboard was composed of .JPG images of my
illustrations opposed to the conventional way of a hand drawn, sketched storyboard. The
storyboard was created using Adobe In Design® (figure 3-12). The .JPG files imported
into the document were arranged in frames. The script was copied and pasted underneath
the storyboard frames. When every frame was completed, the storyboard was printed and
structures that were to be highlighted with overlays were colored. (See Appendix A for
entire storyboard).

The script became more condensed during the time the storyboard was being produced.
In several parts of the script, the order of words and statements had to be changed so that
they would fit into the animation in a smooth and clear way.

The section of the storyboard that was revised the most was the segment on the
physiology of the LUT. It was critical to make this part clear because it contained some
of the most key points of the video. If the viewer could not follow this part, they would
have trouble understanding the clinical applications at the end of the video.
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Figure 3-12. Pages from the storyboard created using Adobe In Design®
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Color Overlays on Illustrations
Once my illustrations were completed, color overlays were made to be used in the video.
If a structure was mentioned in the script, it would have to be highlighted with a color
overlay and labeled with text so that the viewer could quickly identify it on the screen.

I decided that it would be best to keep my colors simple and consistent. Medium red was
used for the overlays of muscle in the anatomy section. When nerves were spoken of in
general, yellow was used. Sympathetic nerves were green, parasympathetic nerves were
pink, and somatic nerves were blue. Arrows that would correspond to the autonomic and
somatic nerves would be in the same colors—green, pink, and blue. Areas of the brain
that were highlighted were orange.

Because the background color in the illustrations was grey, the structures that were
highlighted in color would stand out. The black and white tonal illustration would fade
out into the grey background, and the colored overlays would be the most apparent
structure on the screen (figure 3-13).

Video Production and Animation
Adobe After Effects® was primarily used to edit the video. I used Adobe Premiere® to
edit the sound files of the script that Dr. Roshanravan recorded.
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Figure 3-13. Screen shot from the animation showing color overlays against the grey background
and black and white continuous tone illustration.

Before starting the editing process, I had to create a way to organize all of my image files
that were to be used in the video. All black and white images were saved as .JPG files.
Color overlays were saved as .PSD (Adobe Photoshop®) files. Overlays were saved in a
.PSD format was because it was essential for the transparent background to be
maintained. The overlays faded in on top of the black and white .JPG image so it was
important that they did not have an opaque background (figure 3-14).

A filing system was made to organize all files. I made one folder for each drawing.
Within that folder were the raw .PSD files in greyscale and in RGB color (red, green,
blue). Subfolders included one for the black and white .JPGs and another for the RGB
overlays (figure 3-15).
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Figure 3-14. Overlay for the inferior hypogastric plexus on a transparent background.

Figure 3-15. Example of my filing system for the image, Nerves of the Pelvis.
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Next, I edited the audio of Dr. Roshanravan reading the script. I brought the .WAV file
into Adobe Premiere®. The audio was cut into twenty separate audio clips, based on
topic. I did this step so that when I worked in Adobe After Effects® I could create
separate compositions (based on the audio clip). I thought of the compositions as chapters
in a book. For example, I split them into introduction, bladder, urethra, SUS, filling,
voiding, clinical applications, etc. When all twenty compositions were completed, I
brought them into one main composition as the entire movie and put fades between each
composition (figure 3-16). I knew from previous experience using Adobe After Effects®
that working in separate compositions would work well. Otherwise, I would end up with
too many layers in my composition to keep track of.

Figure 3-16: Adobe After Effects® interface. In the timeline, the composition “Whole Movie” is
shown. This composition has all the compositions nested within it.

With the audio clips edited and the files all in organized folders, I was ready to begin
editing in After Effects®. I began by importing my folders into the project panel (figure
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3-17). From there I could create compositions, add in the audio clip, and then add in all
drawings necessary for that particular segment.

Figure 3-17: Project panel with folders in Adobe After Effects®

This was the first time I had ever edited audio in After Effects®. In the past, if I was
using audio in an animation, I would use Adobe Premiere®. I did this because in Adobe
Premiere®, it is possible to ‘scrub’ through the audio and video timelines at the same
time and do not have to wait for a preview. In Adobe After Effects® you can only play
back audio with the animation if you render a RAM preview. Even thought Adobe
Premiere® is easier to work with that Adobe After Effects®, I chose to use Adobe After
Effects® because it allowed me to have more freedom with the editing. It also gave me
the opportunity to use special effects such as masks.
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The video was edited in chronological order, one composition at a time. The first draft of
the video was completed in mid August and I was able to show it to my mentors and
content experts for critique. Following the critiques, I improved drawings on Adobe
Photoshop®, paid extra attention to timing the audio to the imagery, thinned out the
leader lines, and adjusted the text. Any image that I altered in Adobe Photoshop® had to
be re-imported into Adobe After Effects®. Luckily this process was very simple. In the
project panel there is an option to reload footage or replace footage. The image would
automatically be replaced in the timeline of all the compositions it was in.

The final video was rendered out of Adobe After Effects® as a high quality Quicktime®
movie. For submission to the SGS, the video was required to be in MPEG format, and
was burned onto a DVD using Adobe Encore®.

CHAPTER FOUR
Evaluations

Survey Development
One goal of this thesis project was to create a useful teaching and review tool about the
neuroanatomy of the LUT with clinical applications. To evaluate the effectiveness of the
video, as well as determine whether the goals and objectives were met, a pre-test, posttest, and a survey were developed. The tests and survey were distributed to the target
audience of OB/GYN residents and fourth year medical students who were doing
OB/GYN rounds at Parkland Memorial Hospital.

Dr. Corton wrote the pre-test and post-test which were comprised of thirteen multiple
choice questions. These questions were based on key points made in the video. The pretest was given to the participants before the video was viewed. The video was played for
the participants one time during the evaluation process. After the participants viewed the
video, the same test was given as a post-test (See Appendix B for the pre-test, post-test,
and survey). The purpose of the pre-test and post-test was to determine if the participant’s
comprehension of the material presented in the video improved. Once the post-test was
completed, the participants were given a survey consisting of six statements. Each of the
questions utilized a five point Likert scale with “1” being “Strongly Agree,” and “5”
being “Strongly Disagree.” The residents and medical students were asked to circle a
number that corresponded best to their level of agreement with each statement. These
statements were intended to evaluate the effectiveness of the content, illustrations, and

51

52
animations. Under each statement was an area for the viewers to write comments. Both
tests and the survey were made using Microsoft Office®.

The video would be shown to the target audience one time between the pre and post-tests.
It was expected that because of the vast amounts of information presented in the video, it
would not be unreasonable to assume that viewers would have to watch it multiple times
in order to grasp all the information. Results of the post-test were anticipated to be higher
than scores of the pre-test.

Survey Distribution
In order to distribute the tests and survey to the proper audience, Dr. Corton, Dr.
Roshanravan, and I dispensed them to residents and senior medical students during their
weekly morning meeting. The pre-test was taken by 29 residents and 8 medical students.
The post-test was completed by 28 residents and 7 medical students. A total of 36 people
completed the survey. Before watching the video, the group took the pre-test. After
watching the video, the post-test and survey were both completed.

Summary of Test and Survey Results
The pre and post-tests and surveys were collected and evaluated. According to the data,
the overall response was very positive. Graphs were constructed to organize the data from
the tests as well as from the surveys. There was an increase in number of correct answers
from the pre-test to post-test, suggesting that the video facilitated learning. The survey
was also answered positively.
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Evaluation of Pre and Post-Tests
The following are responses to the pre-test and post-test questions. Correct answers are
highlighted in yellow.

1. The type of neurotransmitter receptor that predominates at the dome or body of
the bladder is
a. Alpha adrenergic
b. Beta cholinergic
c. Dopaminergic
d. Serotonergic
Pre-Test: 19 correct, 18 incorrect
Post-Test: 35 correct, 0 incorrect
Post-test results for this question were very positive. This question was answered
perfectly by every participant.

2. From internal (mucosal surface) to external, the layers of the urethral wall
include
a. Submucosa, striated urogenital sphincter muscles, smooth muscle
b. Submucosa, smooth muscle, striated urogenital sphincter muscles
c. Sphincter urethrae , submucosa, compressor urethrae
d. Smooth muscle, submucosa, striated urogenital sphincter muscles
Pre-Test: 25 correct, 12 incorrect
Post-Test: 32 correct, 3 incorrect
A large number of participants answered this question correctly on the pre-test. With a
basic understanding of histology, it is possible to answer this question correctly by
process of elimination. After watching the video, the majority of participants chose the
correct answer.
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3. All of the following muscles are part of the striated urogenital sphincter complex
EXCEPT
a. Sphincter urethae
b. Compressor urethrae
c. Pubovaginalis
d. Urethrovaginal sphincter
Pre-Test: 12 correct, 25 incorrect
Post-Test: 32 correct, 3 incorrect
After watching the video, the majority of participants understood which muscles were a
part of the urogenital sphincter complex.

4. The pelvic sympathetic division arises from
a. S2 – S4 spinal cord segments
b. T10 – L2 spinal cord segments
c. T10 – S2 spinal cord segments
d. C4-T2 spinal cord segments
Pre-Test: 8 correct, 29 incorrect
Post-Test: 23 correct, 12 incorrect
There was an increase in correct answers on the post-test. However, it seemed as if a lot
of participants were still confused between the pelvic sympathetic and parasympathetic
divisions. Many chose (a) which represented the parasympathetic system. The word
“pelvic” may have directed participants to the sacral region, which made it seem logical
to chose (a), “S-2-S4 spinal cord segments.”

5. The inferior hypogastric (pelvic) plexus contains
a. Sympathetic fibers from the superior hypogastric plexus
b. Sympathetic fibers from the sacral sympathetic chain
c. Parasympathetic fibers from S2 – S4
d. All of the above
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Pre-Test: 29 correct, 8 incorrect
Post-Test: 19 correct, 16 incorrect
When pre-test results were observed, it was evident that most participants were familiar
with the contributions of the IHP. For an unknown reason there was confusion on the
post-test. The question on the post-test may not have been written well, the narration in
the video may not have explained the components of the IHP properly, or it could be
possible that the images in the video did not illustrate the contributions of the IHP in an
effective way.

6. The three portions of the inferior hypogastric (pelvic) plexus include all
EXCEPT
a. Middle rectal plexus
b. Inferior rectal plexus
c. Uterovaginal plexus
d. Vesical plexus
Pre-Test: 5 correct, 32 incorrect
Post-Test: 16 correct, 19 incorrect
According to the pre-test results, this was a difficult question. A large number of
participants showed improvement on the post-test. Participants commonly confused the
middle rectal plexus with the inferior rectal plexus.

7. The somatic component of the peripheral nervous system that is relevant to lower
urinary tract anatomy arises from
a. Intermediolateral cell column of T10 –L2
b. Intermediolateral cell column of S2 – S4
c. Ventral horn of S2 –S4 (Onuf’s nucleus)
d. Suprachiasmatic nucleus in the hypothalamus
Pre-Test: 13 correct, 24 incorrect
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Post-Test: 34 correct, 1 incorrect
The post-test had excellent results and only one participant answered the question
incorrectly. The results proved that the video successfully described that Onuf’s nucleus
gives rise to the somatic portion of the LUT.

8. During the storage phase
a. Somatic fibers are activated
b. Spinal sympathetic reflex is activated
c. Parasympathetic transmission is inhibited
d. All of the above
Pre-Test: 20 correct, 17 incorrect
Post-Test: 29 correct, 6 incorrect
The participant’s scores improved on the post-test. This established that the portion of the
video based on the physiology of urine storage was successful. It was impressive to see
that such a large number of participants chose the correct answer to such a complicated
question.

9. In the lower urinary tract, sympathetic stimulation leads to
a. Increased tone at the vesical neck
b. Stimulation of alpha-adrenergic fibers
c. Parasympathetic inhibition
d. All of the above
Pre-Test: 22 correct, 15 incorrect
Post-Test: 31 correct, 4 incorrect
The success rate on this complicated physiology question demonstrated that the
physiology section of the video was explained in an acceptable way.

10. During the voiding phase
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a.
b.
c.
d.

Somatic fibers are activated
Spinal sympathetic reflex is activated
Parasympathetic transmission is stimulated
All of the above

Pre-Test: 20 correct, 17 incorrect
Post-Test: 27 correct, 8 incorrect
This question had an increase in correct answers on the post-test. Questions 8, 9, and 10
were all based on physiology. This verified that the light switch analogy and color coding
of sympathetic and parasympathetic nerves was understood by most viewers.

11. Lesions of the brain above the level of the pons result in
a. Voluntary detrusor contractions
b. Relaxation of the urethra that is not in synchrony with the detrusor
contractions
c. Relaxation of the urethra that is in synchrony with the detrusor contractions
d. Stress urinary incontinence
Pre-Test: 10 correct, 27 incorrect
Post-Test: 17 correct, 18 incorrect
Results showed that participants had a better understanding of clinical applications after
watching the video.

12. High spinal cord or upper motor neuron lesions result in
a. Involuntary detrusor contractions
b. Relaxation of the urethra that is not in synchrony with the detrusor
contractions
c. Detrusor sphincter dysynergia
d. All of the above
Pre-Test: 15 correct, 22 incorrect
Post-Test: 14 correct, 21 incorrect
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Results did not change in for this question (with the exception that there was one less
medical student and resident present for the post-test.) The clinical correlation of detrusor
sphincter dysynergia remained a confusing topic for most participants. This question may
have not been phrased properly since pre and post-test results were very similar.

13. All of the following are true regarding lower motor neuron lesions EXCEPT
a. Radical pelvic surgeries mainly affect the parasympathetic system
b. Can result in reduced contraction of the detrusor muscle
c. Can manifest as overflow incontinence
d. The most common cause of peripheral neuropathy is multiple sclerosis
Pre-Test: 20 correct, 17 incorrect
Post-Test: 31 correct, 4 incorrect

On the post-test, a higher number of participants answered this question correctly. Most
participants understood the clinical correlation associated with lesions to lower motor
neurons.

The medical students scored higher than the residents on both the pre and post-tests. On
the pre-test the residents scored an average of 5.75/13, or 44.23%, and the medical
students scored an average of 6.8/13, or 52.8% (figure 4-1). On the post-test, the residents
scored an average of 9.5/13 or 73.08%, and the medical students scored an average of
10.43/13, or 80.23% (figure 4-2). One medical student obtained a perfect score on the
post-test.
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The medical students probably scored higher than the residents on the pre and post-tests
because they had a basic neuroscience, physiology, OB/GYN core principals, and human
anatomy courses more recently than the residents. The medical students may have
thought that the pre and post-tests were going to be graded as part of their rotation. Also,
medical students were possibly still used to memorizing information very fast since in
medical school, exams are given every few weeks.

Overall, the average score of both groups on the pre-test was 6/13, or 46.15%. The
average score on the post-test was 9.7/13, or 74.6%. Correct answers increased by
38.13% on the post-test (figures 4-3). The low pre-test results confirmed that residents
and medical students found the anatomy and physiology of the LUT to be a difficult
topic. It also confirmed that the test was very challenging. When participants were shown
the video, and were able to review the material, scores on the post-test greatly improved.
The test results validated the effectiveness of the video, meaning that the goals and
objectives of the thesis project were met.

Evaluation of Survey Responses
The following are responses to the survey statements (figure 4-4).
Statement 1: After watching this video I have a thorough understanding of the
anatomy of the lower urinary tract.

20 Agreed, 13 Neutral, 4 Disagreed
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Figure 4-1. These are the pre-test and post-test results. Correct answers are displayed in this
graph. Questions were identical in both tests. The pre-test was administered before the participants
viewed the video. After viewing the video, the participants completed the post-test.

Figure 4-4. This is a summary of the survey results.

The majority of participants agreed with this statement. Some were neutral or disagreed
because they felt if the video was viewed again, they would have a more thorough
understanding of the anatomy of the LUT. One limitation of the thesis project was that
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the participants of the evaluation would watch the video one time. It was expected that in
only one viewing, participants would not grasp all concepts presented in the video and
would want to view it multiple times for increased comprehension. Comments included,
“I think watching for a second time, or alone without distraction would help,” “Would
like to watch a second time,” “I need to watch it several times and take notes,” and
“Would like to watch again or have a handout to look over at home.”

Statement 2: After watching this video I have a better understanding of the normal
neuroanatomy and physiology of the lower urinary tract.

5 Strongly Agreed, 31 Agreed
This statement was similar to the first, except it questioned the viewers understanding of
the normal neuroanatomy and physiology of the LUT. Overall, all participants strongly
agreed or agreed the after the watching the video, confirming comprehension of the topic.
One participant commented, “Would have to watch it a few times to really get it down.”
This comment was not unexpected because in the previous statement (#1), participants
made similar comments.

Statement 3: After watching this video I have a better understanding of the
abnormal neuroanatomy and physiology of the lower urinary tract.
5 Strongly Agreed, 25 Agreed, 5 Neutral, 1 Disagreed
This statement was similar to the first and second, except it dealt with the clinical
applications section of the video. The majority of participants agreed with this statement.
Five were neutral and one disagreed. The reason for this may be that the clinical
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applications section at the end of the video was short and only described four types of
LUT dysfunction.

Statement 4: I think that the illustrations and animations are clear and helpful.
21 Strongly Agreed, 15 Agreed
All viewers strongly agreed or agreed with this statement and based on the responses it
can be assumed that the illustrations and animations were an important part of the video.
One viewer commented, “Good illustrations, need more bullets (verbal cues).” The
second part of this comment was ambiguous. It is unknown if by verbal cues the narration
was being critiqued, or if the participant wanted more bullet points to be used as visual
cues. All structures mentioned in the narration were labeled in the video. Bullets were
used in the clinical applications section. Maybe this participant needed more verbal
information.

Statement 5: I think that the video was easy to follow and concepts are presented in
a logical order.
18 Strongly Agreed, 16 Agreed, 2 Disagreed
The majority of viewers strongly agreed or agreed with this statement and was satisfied
with the flow of the video. The two that disagreed provided comments. One wrote, “Too
much complicated information in a short period of time,” and the other commented, “A
lot of information is presented in a very rapid sequence.” Both comments were similar.
One of the limitations of this project was that it could only be a ten minute video since it
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was being submitted to the Society of Gynecologic Surgeons. Another limitation was that
in the evaluation process, the video was only shown to the participants once.

Statement 6: I would view this video again as a review of the information or for
studying purposes.

25 Strongly Agreed, 9 Agreed, 1 Neutral, 1 Disagreed
Almost all viewers strongly agreed or agreed that the video would serve as a good review
or studying tool. Very positive comments were made after this statement. Comments
included: “Good video!”, “Liked the light switches,” “Would like to watch again,” “Great
job. Can we all have a copy of this one and all other urogyn video projects?”, and
“Similar activities should definitely be implemented in AM conferences. Very useful.
Thanks.” The participants that were neutral and disagreed did not comment, so it is
unknown as to why they were neutral to or against using the video for review or studying
when there was such an encouraging response.

The survey responses were very positive. Overall, participants thought the video was a
useful learning tool.

CHAPTER FIVE
Conclusions and Recommendations

Project Summary
This thesis entailed production and testing of a video on the anatomy, neuroanatomy, and
physiology of the LUT. It was a narrated ten minute video designed to be used as a
teaching and review tool for OB/GYN residents, urogynecology fellows, and medical
students. The video was arranged into three sections for clarity: anatomy of the LUT,
neuroanatomy and physiology of the LUT, and clinical applications.

The urogynecologist, resident, and medical student must comprehend the normal
neurophysiology of the LUT in order to properly diagnose patients who present with
LUT dysfunction. This subject is very complex and at present there are no animated
instructional videos that teach the interactions between the nervous system and the LUT.
There are also no educational tools that associate symptoms and exam findings with the
correct diagnosis.

In order to meet the goal of creating the video, a number of objectives had to be met.
Firstly, I analyzed and defined the problem through research, cadaver dissection and
surgical observation. Next, I worked with content experts Marlene M. Corton, M.D. and
Shayzreen M. Roshanravan, M.D. Another objective of this project that was met was the
production of illustrations, a script, and a storyboard. The final objectives met were to
edit the video and present it to OB/GYN residents and senior level medical students to
review its effectiveness. All individuals completed a pre and post-test and a survey.
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Successes
Based on the results of the pre and post-test and survey, the goals and objectives of this
thesis project were successfully met. The video facilitated increased knowledge and
comprehension about the neuroanatomy and physiology of the LUT as well as clinical
applications from the pre-test to the post-test. It was perceived as a helpful learning and
review tool. Illustrations included in the video were thought to be clear and valuable. All
these factors lead me to believe that the project was a success and will be a worthwhile
tool for residents, fellows and medical students to learn from and use as a review tool.

Suggested Areas for Further Research
Evaluation process
When the project was evaluated, one of the limitations was that the video was to be
played for the residents and medical students one time between the pre-test and post-test.
A group of residents and medical students could be tested again to observe if there is an
increase in comprehension when the video is played multiple times.

A larger audience could be tested. Only thirty six people were tested. A more effective
and true test would include a larger group of people. Also, this larger group could be
tested over a longer period of time. If this audience was tested six months to one year
later, it could be determined if long term comprehension was maintained.
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Creation of a supplementary handout
One participant mentioned in their survey that a handout about the video would be
beneficial. This handout could be given out to viewers before they watch the video and
they could take notes on the sheet. It would have key labeled illustrations on it as well as
short descriptions.

Produce a longer video
A limitation of this thesis project was that the video was required to be ten minutes so
that it could be submitted to the SGS for consideration. If a video was created that did not
have a time constraint, more information could be given on each section. Also, more than
four clinical applications could be presented which would make the video more
comprehensive.

Addition of case studies
Because of the time constraint of ten minutes, only four clinical applications could be
presented in the video. If the video could be longer, case studies with clinical examples
and findings such as MRI scans and urodynamic testing results could be included.
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Online interactive learning program
An easily accessible online interactive learning program that was self paced could be a
valuable addition to this thesis project. This program could be embedded onto an
OB/GYN website so all students and residents could access it. This program could be
designed in separate sections—anatomy, normal physiology, clinical applications, case
studies, and a test. With self testing, residents and medical students could take the test as
many times as necessary and then go back to review sections that they did not do well on.
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