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The anatomy of the pelvis is complex, multilayered, and its three-dimensional organiza-
tion is conceptually difficult for students to grasp. The aim of this project was to create
an explorable and projectable stereoscopic, three-dimensional (3D) model of the female
pelvis and pelvic contents for anatomical education. The model was created using cryo-
section images obtained from the Visible Human Project, in conjunction with a general-
purpose three-dimensional segmentation and surface-rendering program. Anatomical
areas of interest were identified and labeled on consecutive images. Each 2D slice was
reassembled, forming a three-dimensional model. The model includes the pelvic girdle,
organs of the pelvic cavity, surrounding musculature, the perineum, neurovascular struc-
tures, and the peritoneum. Each structure can be controlled separately (e.g. added, sub-
tracted, made transparent) to reveal organization and/or relationships between structures.
The model can be manipulated and/or projected stereoscopically to visualize structures
and relationships from different angles with excellent spatial perception. Because of its
ease of use and versatility, we expect this model may provide a powerful teaching tool
for learning in the classroom or in the laboratory. Anat Sci Educ 3: 127–133. © 2010 American

Association of Anatomists.
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INTRODUCTION

The study of anatomy plays an integral role in the education
of health care professionals. Many clinical tasks and proce-
dures require a firm understanding of spatial relationships
between closely associated structures (Cottam, 1999; Garg
et al., 2001). However, limitations of standard educational
methods become problematic when trying to learn or teach
inherently complex regions of the human body, such as the

female pelvis. Restrictions of traditional teaching techniques
coupled with a decrease in curriculum time allocated to anat-
omy (Blake, 1980; Drake et al., 2002, 2009) have challenged
the medical pedagogue to explore alternate teaching methods
to augment those that currently exist (Nicholson et al.,
2006). Dramatic advances in technology and imaging modal-
ities, as well as the availability of cross-sectional data have
afforded the development of three-dimensional (3D) anatomi-
cal models (Vernon, 2002; Bajka et al., 2004).

The Visible Human Project (VHP) is currently the most
important international source of high quality images of
human gross anatomy (Jastrow and Vollrath, 2003). The
VHP consists of volumetric data, representative of a normal
adult male (Visible Human Male, VHM) and female (Visible
Human Female, VHF) (Ackerman, 1998). A comprehensive
technical report on the Visible Human Male (VHM) docu-
ments how both data sets were prepared (Spitzer and Whit-
lock, 1998). Each set contains magnetic resonance imaging,
computer tomography, and cryosection photographic data
sets. Since their creation, the Visible Human data sets have
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been applied to a wide range of uses, including, but not lim-
ited to education, medicine, industry, and art (Ackerman,
1998). Not surprisingly, the Visible Human Project data finds
its primary application in health care and education. A
number of three-dimensional anatomical models have been
created using the VHP data including lumbar vertebra (John
et al., 2001), female abdomen and pelvis (Bajka et al., 2004),
and male pelvis (Brook et al., 1998). Jastrow and Vollrath
provided a compilation of anatomy projects, including those
available online, in CD-ROM form, or in print that focus on
teaching three-dimensional anatomy using digitized sections
from the Visible Human Project (Jastrow and Vollrath,
2003).

The aim of this project is to create an explorable, three-
dimensional (3D) model of the female pelvis and perineum
for anatomical education using full resolution cryosection
images obtained from the Visible Human.

METHODS

Cryosection images were chosen for this pelvis reconstruc-
tion. In total, 753 slices were chosen for reconstruction: from
the level of the superior border of the iliac crests, superiorly,
to the level distal to the lesser trochanter of the femur, inferi-
orly (slice numbers avf1703a-avf1953c). Before model
construction, the color images were checked for sequential
alignment, converted to black and white images, and cropped
to a size that encompassed the largest structures in the section
of data used for this reconstruction (Adobe Photoshop, San
José, CA). This image stack was then imported into a general
purpose, three-dimensional segmentation and surface render-
ing program, Amira 4.1 (Mercury Computer System, Chem-
sford, MA).

The general process of model generation is described by
Brenton et al. (2007) and Nguyen et al. (2009). The first step
in creating 3D reconstructions is a process termed segmenta-
tion. Simply, segmentation involves digitally identifying and
labeling regions of interest on individual 2D slices. The pro-
cess must be completed on all slices in which the region of in-
terest is present in order for accurate representation. The ma-
jority of the segmentation occurred in the axial plane; how-
ever, for torturous structures, such as blood vessels, many
planes of view were required in order to segment them com-
pletely. The model could then undergo further processing,
such as smoothing, to become more presentable and portable.
The smoothing process takes the form of a digital filter. As
2D slices are stacked together, the software produces a 3D
mesh with several million polygons forming the surface of
each digital component of the model. By reducing the number
of polygons the model surface interpolates between polygon
intersections thus smoothing the surface visually and econo-
mizes computing power to allow the model to be represented
without high end graphic processors. Care is taken not to
reduce the number of polygons so far that the surface
becomes distorted.

Generally, segmentation for the pelvis proceeded from the
largest to the smallest structures. Bones were segmented first
because of their ease of recognition; they appeared as the
whitest structures in the cryosection images. These were fol-
lowed by the upper limits of lower limb muscles. Each muscle
was recognized by its anatomical position and size, as well as
its attachment and insertion to the surrounding structures.
This strategy of identification worked efficiently for the

muscles of the pelvic floor as well. The next group of struc-
tures to be segmented was organs of the pelvic cavity, the rec-
tum, uterus, and bladder, in conjunction with their associat-
ing structures, the anal canal, vagina, and urethra. The most
delicate structures, including components of the perineum,
blood vessels, and peritoneum, were last to be segmented.
Throughout the segmentation of these latter structures, orien-
tation, position, and surrounding structures were constantly
consulted to ensure anatomical accuracy.

RESULTS

A three-dimensional model of the female pelvis, pelvic con-
tents, and perineum was created using thin section human
cryosections and digital segmentation. The surrounding mus-
culature of the trunk and lower limb was also segmented,
resulting in 60 reconstructed structures (Table 1).

The pelvis model created here includes the anatomical
details required for undergraduate and medical education.
Individual structures of the 3D model are displayed in a
variety of alterable colors. The colors presented in the illus-
trations here were assigned to the structures during the seg-
mentation process, and by no means represent realistic hue
or texture. Bright colors were chosen to provide contrast
and differentiation for closely opposed anatomical struc-
tures. To project all components of the model simultane-
ously would not offer optimal visualization and learning
opportunities for the student viewer. Users, however, can
create countless permutations of the model by changing the
colors, or adding anatomical structures in combinations
from the list described in Table 1. Once a subset of anatom-
ical detail is chosen for projection, users can manipulate the
3D model from any angle (Fig. 1) and magnification. This
model allows for significant magnification and, given that
the model is a 3-dimenstional volume, users can enter and/
or orient structures to explore the anatomy from previously
unseen aspects, for example, viewing the abdominal cavity
from within the pelvic cavity. Additionally, the model allows
for individual structures to be added and removed independ-
ently, enabling students to participate in ‘‘virtual’’ dissection
or syncretion, the process of putting things back together
(Fig. 2A–2D) (Miller, 2000). Furthermore, any structure in
the model can be made semitransparent, allowing for deeper
relationships to be observed (Fig. 3). Anatomical structures
can be labeled at any orientation or magnification for of the
purposes of self-study or for defining anatomical landmarks.
The labeling feature can also be applied to a 3D view such
that the leader line follows the anatomical landmark in any
plane the viewer defines. Finally, a unique feature of the vir-
tual pelvis model is that it allows for the simultaneous dis-
play of one or more of the Visible Human’s high resolution
cryosection images in conjunction with the 3D model (Fig.
4). These images can be displayed in any plane, and allow
for the correlation between the two-dimensional images and
the three-dimensional model.

The resultant model can be displayed in four ways. First,
two-dimensional images or snapshots of the model can be
captured and displayed elsewhere, for example a lecture pre-
sentation. Second, the 3D model can be viewed at a computer
workstation, enabling the observer to both manipulate the
model utilizing features previously described. Third, preprog-
rammed digital videos of the model can be made and incor-
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porated into lectures, online learning modules, or portable
visualization devices (CRIPT, 2009). In these videos, impor-
tant anatomical structures can be labeled, the model can
rotate and allow different perspectives, and the 2D cryosec-
tion images can be superimposed to allow visualization of
spatial relationships. Finally, the model can be viewed in a
stereoscopic 3D mode using passive projection systems. This
method allows for maximal manipulation of, and immersive
interaction with, the pelvis.

The passive stereoscopic system comprises dual projectors
(InFocus IN36, Wilsonville, OR) with one projector display-
ing a left eye image and the other displaying a right eye
image, two linearly polarized lenses, polarized glasses (with

matching polarized lenses), and a single silver screen. To
achieve the stereo effect, Amira’s passive stereo output func-
tionality is used to project the model from the projectors
through linearly polarized lenses. The lenses are placed such
that the polarization planes run perpendicular to each other.
With this arrangement, only vertically-polarized light can
pass through one lens, and only horizontally-polarized light
can pass through the other lens. Light rays that pass through
the filters project the images onto a nondepolarizing silver
screen. Observers wearing polarized glasses will unknowingly
see two independent images: one eye sees the vertically-polar-
ized image and the other eye sees the horizontally-polarized
image. When viewed simultaneously, the brain interprets the

Table 1.

Summary of Three-Dimensional Reconstructed Structures of the Female Pelvis

Bones: Urinary viscera: Back muscles:

Pelvic bone Ureter Erector spinae

Sacrum Bladder Lower limb muscles:

Coccyx Urethra Gluteus maximus

Lumbar vertebra (L5) Perineum: Gluteus medius

Femur (proximal) External urethral sphincter Gluteus minimus

Supporting structures: External anal sphincter Obturator externus

Intervertebral disc (L5/S1) Crus of clitoris Gemellus superior

Round ligament of uterus Bulb of vestibule Gemellus inferior

Ligament of ovary Ischiocavernosus Quadratus femoris

Suspensory ligament of ovary Bulbospongiosus Adductor longus

Peritoneum Neurovascular structures: Adductor brevis

Pelvic floor/wall muscles: Common iliac vessels Adductor magnus

Piriformis External iliac vessels Pectineus

Obturator internus Internal iliac vessels Gracilis

Levator ani Obturator nerve Sartorius

Coccygeus Sacral plexus Rectus femoris

Gastrointestinal viscera: Abdominal muscles: Vastus lateralis

Rectum/anal canal Iliopsoas Vastus medialis

Reproductive viscera: Quadratus lumborum Vastus intermedius

Ovary Rectus abdominis Tensor fasciae latae

Uterine tube External oblique Biceps femoris

Uterus Internal oblique Semitendinosus

Vagina Transversus abdominis Semimembranosus
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disparity between the two retinal images and reconstructs the
depth dimension in the observers’ visual world (Poggio and
Poggio, 1984).

DISCUSSION

To our knowledge, this is the first electronic model of the
female pelvis created using the VHF cryosection data at its
full resolution, thus making it the most detailed volume-based
digital representation of its kind. Other models of the female
pelvis have been created using a variety of cross-sectional
data (Pearl et al., 1999; Beyersdorff et al., 2001; Parikh
et al., 2004). However, these models focus primarily on the
muscles of the pelvic floor, and do not acknowledge sur-
rounding structures, for example the perineum. Lack of
detail, complexity, and completeness may offer educators lim-
ited usage of such models. Most similar to the model created
in this project was one that was created by Bajka et al.
(2004) also utilizing cryosection images from the VHF. Their
reconstruction, detailed the abdomen and pelvis, showing per-
tinent organs, blood vessels, bones, muscles, and ligaments.
One limitation to their model however, was the inability to
completely segment the vestibule of the vagina and the peri-
neum, due likely, to their methodology incorporating only a
subset of cryosection images. In their reconstruction, every
other, or essentially half the cryosection images were omitted.
Furthermore, the remaining images were down-sampled to
half the original resolution. Bajka and coworkers (2004)
report those responsible for structure segmentation found it

difficult to differentiate the edges of organs and tissues; this
may be the result of the decreased image resolution. The
applications of their model as a teaching/learning tool or sur-
gical simulator were not discussed; therefore, the key features
and potential limitations of that model are unknown.

Two other examples of pelvic digital models are present in
the literature. A male pelvis model was created from coregis-
tered CT and MR for educational purposes (Holubar et al.,
2009). Pilot surveys suggest a high level of user preference
for their model and although some participants felt a greater
level of detail was required, the tool was well received
(Hassinger et al., 2010). Hassinger and his collaborators sug-
gests further testing is warranted to understand the incremen-
tal impacts the model affords to anatomical education as it
pertains to surgery. Finally, another male pelvis was created
from high resolution CT scan data. Interestingly, an air
enema and CT angiographic methods aided the differentiation
of pelvic viscera and vasculature (Yu et al., 2008). The
authors, like the current study, plan to incorporate their
model into surgical education training scenarios to provide
validation of novel training regimes.

Several other anatomical models have been created for an-
atomical education, including the bones of the wrist (Garg
et al., 1999), the inner ear (Nicholson et al., 2006), the skull
base and cranial nerves (Kakizawa et al., 2007), the abdomen
(Luursema et al., 2006), the shoulder (Hariri et al., 2004),
and the male pelvis (Brooks et al., 1998; Venuti et al., 2004).
The effectiveness of these computer generated models as a
viable and effective teaching tool is still under great debate.
Some reports suggest that interactive 3D models are a benefi-

Figure 1.

Female pelvis, pelvic contents, and perineum. All reconstructed anatomical structures from different views: anterior (A), posterior (B), superior (C), inferior (D), lat-
eral (E), and oblique (F).

130 Sergovich et al.



cial aid to student’s comprehension of specific anatomical ma-
terial (Luursema et al., 2006; Nicholson et al., 2006). Other
studies suggest there is no advantage to 3D models, as they
do not enhance student learning or performance on tests
(Garg et al., 2002; Hariri et al., 2004), and may actually
handicap those students with poor spatial ability (Garg et al.,
1999). However, those who found negative results investi-
gated the effectiveness of 3D models using a model of the
wrist. The bones of the wrist naturally fall into two planes,
anterior and posterior, are all relatively the same size, and do
not consist of much spatial information. It would be interest-

ing and informative if the same results were found using a
model of a more visually complex area, such as the female
pelvis.

Patel and Moxham’s review of the literature indicates that
many institutions tend to implement teaching techniques,
including 3D models, without first investigating their effec-
tiveness as a teaching tool (Patel and Moxham, 2008). Future
projects will involve assessing the effectiveness of the female
pelvic model as a teaching/learning tool before introducing it
into the laboratory or classroom. The versatility of the model
allows for several different types of studies to be conducted.
For example, the effect of manipulation of and interaction

Figure 2.

Structures of the female perineum. An inferior view of the structures of the
female perineum depicting the add and/or remove capabilities of the model be-
ginning with the pelvic floor (A) and adding the external urethral and anal
sphincters (B), erectile tissues (C), and their associating muscles (D).

Figure 4.

Organs of the female pelvic girdle. An oblique view of 3D pelvic girdle and vis-
cera accompanied by superimposed sagittal slice of Visible Human Female
(VHF) cryosection image.

Figure 3.

Female pelvic peritoneum. An antero-superior view of the semitransparent pel-
vic peritoneum as it drapes over the uterus and uterine tubes.
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with the model on student learning could be analyzed, or its
effectiveness compared with cadaveric dissection or the use of
prosections could be assessed. By addressing these basic
research questions, instructors will be able to better plan edu-
cational approaches that maximize learning in the evolving
anatomy classroom.

Taking advantage of the flexibility of the model described
here, it will be possible to approach the pelvic anatomy
through virtual dissection as well as through ‘‘syncretion’’
(Miller, 2000). Miller coined this term to identify an alternate
approach to dissection that involves ‘‘putting things back to-
gether again.’’ In other words, students would start with an
empty body cavity to which careful sequences of structures
are added to produce a more complex and realistic anatomi-
cal cavity. He further suggests that learning gross anatomy,
particularly of the visually complex body cavities, would be
easier if students utilized a ‘‘syncretion’’ approach, as this
approach to learning may be perceptually preferable com-
pared with that of gross dissection. Studies to confirm
whether the ‘‘syncretion’’ approach is effective when learning
gross anatomy still need to be conducted and the virtual
realm might be the most appropriate venue; thus, the female
pelvic model could be used as an instrument to investigate
this suggestion.

Once established as an appropriate teaching tool, other
virtual models allowing deep user control may be introduced
in the health care education curricula. Currently, medical
school curricula in North America are being altered to
include more emphasis on imaging techniques, clinical corre-
lations, and cross-sectional data. To deliver this type of mate-
rial, instructors are relying less on lecture and dissection, and
more on case studies, problem-based learning, and computer
learning (Collins et al., 1994; Cottam, 1999). This trend may
afford investigations examining the effects of inclusion of dig-
ital models into the evolving medical curricula.

CONCLUSIONS

The female pelvis is a challenging region of human anatomy to
conceptualize using traditional teaching modalities. A three-
dimensional model of the female pelvis, pelvic contents, and
perineum was created through segmentation of full resolution
cryosection images from the Visible Human Female. Interaction
with, and modification and manipulation of the model allows
for the visualization of the dimensionality and spatial relation-
ships that exist in the living female pelvis. This model provides
a platform from which digital anatomical teaching tools for the
classroom or the laboratory can be born.
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AIMÉE SERGOVICH, M.Sc., is a recent graduate of the
Clinical Anatomy Master of Science degree at the University

of Western Ontario in London, Canada. The work presented
here represents a portion of her M.Sc., project. She is cur-
rently pursuing her Bachelor’s of Education at University of
Western Ontario.

MARJORIE JOHNSON, Ph.D., is an assistant professor
in the Department of Anatomy and Cell Biology at the Schu-
lich School of Medicine and Dentistry at the University of
Western Ontario in London, Canada. She is the graduate co-
ordinator and teaches multiple anatomy and histology classes
in medicine, kinesiology, and occupational and physiotherapy
at the undergraduate and graduate levels.

TIMOTHY D. WILSON, Ph.D., is an assistant professor
in the Department of Anatomy and Cell Biology at the Schu-
lich School of Medicine and Dentistry at the University of
Western Ontario in London, Canada. He is the director of
the Corps for Research of Instructional and Perceptual Tech-
nologies (CRIPT) and teaches multiple anatomy classes in
dentistry kinesiology, and occupational and physiotherapy at
the undergraduate and graduate levels.

LITERATURE CITED
Ackerman MJ. 1998. The visible human project: A resource for anatomical vis-
ualization. Stud Health Technol Inform 52:1030–1032.

Bajka M, Manestar M, Hug J, Szekely G, Haller U, Groscurth P. 2004.
Detailed anatomy of the abdomen and pelvis of the visible human female. Clin
Anat 17:252–260.

Beyersdorff D, Schiemann T, Taupitz M, Kooijman H, Hamm B, Nicolas V.
2001. Sectional depiction of the pelvic floor by CT, MR imaging and sheet
plastination: Computer-aided correlation and 3D model. Eur Radiol 11:659–
664.

Blake JB. 1980. Anatomy. In: Numbers RL (Editor). The Education of Ameri-
can Physicians: Historical Essays. Berkeley, CA: University of California Press.
p 29–47.

Brenton H, Hernandez J, Bello F, Strutton P, Purkayastha S, Firth T, Darzi A.
2007. Using multimedia and Web3D to enhance anatomy teaching. Comput
Educ 49:32–53.

Brooks JD, Chao WM, Kerr J. 1998. Male pelvic anatomy reconstructed from
the visible human data set. J Urol 159:868–872.

Collins TJ, Given RL, Hulsebosch CE, Miller BT. 1994. Status of gross anatomy
in the US and Canada: Dilemma for the 21st century. Clin Anat 7:275–296.

Cottam WW. 1999. Adequacy of medical school gross anatomy education as
perceived by certain postgraduate residency programs and anatomy course
directors. Clin Anat 12:55–56.

CRIPT. 2009. Corps for Research of Instructional and Perceptional Technology.
London, Ontario, Canada: Centre for Research of Instructional and
Perceptual Technologies. Schulich School of Medicine and Dentistry. URL:
http://anatatorium.com/Publications/media/ [accessed 28 December 2009].

Drake RL, Lowrie DJ, Prewitt CM. 2002. Survey of gross anatomy, micro-
scopic anatomy, neuroscience, and embryology courses in medical school cur-
ricula in the United States. Anat Rec 269:118–122.

Drake RL, McBride JM, Lachman N, Pawlina W. 2009. Medical education in
the anatomical sciences: The winds of change continue to blow. Anat Sci Educ
2:253–259.

Garg A, Norman G, Spero L, Taylor I. 1999. Learning anatomy: Do new com-
puter models improve spatial understanding? Med Teach 21:519–522.

Garg AX, Norman G, Sperotable L. 2001. How medical students learn spatial
anatomy. Lancet 357:363–364.

Garg AX, Norman GR, Eva KW, Spero L, Sharan S. 2002. Is there any real
virtue of virtual reality? The minor role of multiple orientations in learning
anatomy from computers. Acad Med 77:S97–S99.

Hariri S, Rawn C, Srivastava S, Youngblood P, Ladd A. 2004. Evaluation of a
surgical simulator for learning clinical anatomy. Med Educ 38:896–902.

Hassinger JP, Dozois EJ, Holubar SD, Camp JC, Farley DR, Fidler JL, Pawlina W,
Robb RA, Larson DW. 2010. Virtual pelvic anatomy simulator: A pilot study of
usability and perceived effectiveness. J Surg Res in press. DOI:10.1016/j.jss.2009.
06.016 [E-pub ahead of print].

Holubar SD, Hassinger JP, Dozois EJ, Camp JC, Farley DR, Fidler JL,
Pawlina W, Robb RA. 2009. Virtual pelvic anatomy and surgery simulator:
An innovative tool for teaching pelvic surgical anatomy. Stud Health Tech-
nol Inform 142:122–124.

Jastrow H, Vollrath L. 2003. Teaching and learning gross anatomy using
modern electronic media based on the Visible Human Project. Clin Anat
16:44–54.

132 Sergovich et al.



John NW. 2001. The impact of Web 3D technologies on medical education
and training. Comput Educ 49:19–31.

Kakizawa Y, Hongo K, Rhoton AL. 2007. Construction of a three-dimensional
interactive model of the skull base and cranial nerves. Neurosurgery 60:901–
910.

Luursema J-M, Verwey WB, Kommers PAM, Geelkerken RH, Vos HJ. 2006.
Optimizing conditions for computer-assisted anatomical learning. Interacting
with Computers 18:1123–1138.

Miller R. 2000. Approaches to learning spatial relationships in gross anatomy:
Perspective from wider principles of learning. Clin Anat 13:469–443.

Nicholson DT, Chalk C, Funnell WR, Daniel SJ. 2006. Can virtual reality
improve anatomy education? A randomized controlled study of a computer-
generated three-dimensional anatomical ear model. Med Educ 40:1081–1087.

Nguyen N, Wilson TD. 2009. A head in virtual reality: Development of a virtual
head and neck model from Computed Tomography. Anat Sci Educ 2:294–301.

Parikh M, Rasmussen M, Brubaker L, Salomon C, Sakamoto K, Evenhouse R,
Ai Z, Damaser MS. 2004. Three dimensional virtual model of the normal
female pelvic floor. Ann Biomed Eng 32:292–296.

Patel KM, Moxham BJ. 2008. The relationships between learning outcomes
and methods of teaching anatomy as perceived by professional anatomists.
Clin Anat 21:182–189.

Pearl RK, Evenhouse R, Rasmussen M, Dech F, Silverstein JC, Prokasy S,
Panko WB. 1999. The virtual pelvic floor, a tele-immersive educational envi-
ronment. Proc AMIA Symp 1999:345–348.

Poggio GF, Poggio T. 1984. The analysis of stereopsis. Annu Rev Neurosci
7:379–412.

Spitzer VM, Whitlock DG. 1998. The Visible Human dataset: The anatomical
platform for human simulation. Anat Rec 253:49–57.

Yu JL, Huang ZH, Fu D. 2008. Reconstruction of a digital three-dimensional
model of the rectum and the surrounding structures based on CT angiographic
data. Nan Fang Yi Ke Da Xue Xue Bao 28:1466–1468.

Venuti JM, Imielinska C, Molholt P. 2004. New views of male pelvic anatomy:
Role of computer generated 3D images. Clin Anat 17:261–271.

Vernon T, Peckham D. 2002. The benefits of 3D modeling and animation in
medical teaching. J Audiov Media Med 25:142–148.

Anatomical Sciences Education MAY/JUNE 2010 133


