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Abstract
Introduction and hypothesis Pelvic anatomy is complex and
intimate knowledge of variabilities in anatomical relationships
is critical for surgeons to safely perform surgical procedures.
Three-dimensional Imaging provides the opportunity to ana-
lyze undisturbed anatomical relationships. The authors hy-
pothesized that three-dimensional models created from pelvic
computed tomography angiograms could be used to obtain
vascular anatomical measurements, and that the measure-
ments obtained from three-dimensional models would be sim-
ilar to those from cadaver studies.
Methods We included all pelvic computed tomography angio-
grams that were acquired in female patients older than 18 years
at our institution within the previous 5 years. Three-
dimensional models were created using the Invivo5 software
based on the Digital Imaging and Communications in
Medicine files. Structures of interest were virtually dissected
and measured replicating previous cadaver studies. Statistical
analysis of demographics and measurements was performed.
Results The final analysis included 87 studies. The average
age of the subjects was 66.9 years and their average BMI was
26.1 kg/m2. Of the 87 subjects, 12.6% had a history of

hysterectomy, 2.3% a history of a continence procedure, and
1.1% a history of a prolapse procedure. The range of distance
between the ischial spine and the pudendal artery was 3–
17mm. The closest vessels to the lower edge of the symphysis
pubis were the obturator vessels. The aberrant corona mortis
vessel was present in 27.9% of the subjects. Prior hysterecto-
my was associated with changes in the measurements of the
obturator arteries with minimal changes in other
measurements.
Conclusions Our results indicate that this technology pro-
vides similar measurements to those found in previous
unembalmed cadaver studies. This technology offers a great
opportunity to study anatomical relationships in a native un-
disturbed state.
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Introduction

Anatomical knowledge has been a cornerstone for the devel-
opment of the different surgical disciplines. Traditional
methods to study surgical approaches include cadaveric dis-
section and two-dimensional imaging modalities such as mag-
netic resonance imaging (MRI) and computed tomography
(CT). Cadaveric dissections can be limited by the alterations
in anatomical relationships caused by fixation and the dissec-
tion itself. Traditional imaging studies offer the opportunity to
analyze anatomy without disturbing proximal anatomical
structures but lack the three-dimensional perspective of cadav-
er studies [1].

Recently three-dimensional reconstruction of CT and MRI
images has become available. This technology allows unprec-
edented views of anatomical relationships in a three-
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dimensional array without disturbing related structures [2–5].
The anatomy of the pelvis is quite complex and highly var-
iable. In addition, because the soft tissues are encompassed by
the bony confines of the pelvic bones, conventional dissection
techniques often significantly alter anatomical relationships.
Thus, comprehensive studies of the relationships among im-
portant pelvic support structures are wanting. This novel tech-
nology gives investigators the opportunity to study important
pelvic structures in their native undisturbed state. A PubMed
search using the MeSH terms Bvascular^, Bthree-dimension-
al^, Bretropubic space^, Bpudendal artery ,̂ Bsacrospinous^
and Bobturator arteries^ on 29 September 2016 did not find
any publish studies using three-dimensional imaging tech-
niques investigating vascular structures of the retropubic
space and around the ischial spine in the human pelvis.

Our primary objective was to map the important vascular
structures and their relationships to surrounding structures in
the retropubic space and ischial spine using three-dimensional
models reconstructed from CTscans. The secondary objective
was to compare our findings with the most representative
previously published measurements of the same landmarks
obtained from cadaver studies.

Materials and methods

Patient population

The University of Massachusetts institutional review board
approved this study.We retrieved the images of all adult wom-
en older than 18 years who had undergone pelvic CT angiog-
raphy (PCTA) using a 64multidetector-row scanner within the
past 5 years at our institution. Patients with a history of ma-
lignancy, pelvic fracture, pelvic or abdominal radiotherapy
and lymph node dissection were excluded from the study.
Subject demographics were obtained from medical records
and included age, body mass index (BMI) and history of hys-
terectomy, prolapse, and/or continence procedures.

Image acquisition

The clinical condition of the patients was determined using a
standardized protocol and then images were obtained with a
Philips Brilliance 40 CT scanner (Philips Medical Systems,
Best, The Netherlands) from the lower pole of the kidney to
the mid-femur or toes when applicable. Intravenous contrast
medium was monophasically infused at a rate of 5 mL/s.

Image reconstruction and interpretation

Digital Imaging and Communications in Medicine (DICOM)
files from deidentified individual studies were transferred to a
workstation loaded with the Invivo5 software (Anatomage

Inc, San Jose, CA). Three-dimensional models were created
using the DICOM files using the volume render component of
the software. A single reader (O.D.-G.) who was trained to use
the software performed all the image reconstructions and read-
ings. All measurements were obtained in millimeters.

Anatomical region measurements

Anatomical regions of interest were virtually dissected using
the Invivo5 software. Densities were modified to properly
identify vascular and bony structures and differentiate them
from other soft-tissue elements. For the measurements of the
pudendal artery, the vessel was traced and isolated (Fig. 1).
The final model was rotated and the closest distance between
the pudendal artery and the ischial spine was measured repli-
cating previous cadaver studies (Fig. 2) [6].

For study of the retropubic space anatomy, the pelvic vis-
cera and other structures that obscured visualization of the
vasculature were virtually dissected. Measurements of the
structures related to retropubic procedures were obtained in-
cluding the height of the symphysis pubis, and the distances
from the midline and the inferior border of the pubic rami to
the obturator artery, to the coronamortis (when present), to the
external iliac vein and artery, and to the inferior epigastric
vessels (Fig. 3) [7, 8].

Analyses were performed using Stata/MP 14.1 (StataCorp.
2015. Stata Statistical Software, release 14; StataCorp LP,
College Station, TX). Data were collected and managed using
REDCap (Research Electronic Data Capture) electronic data
capture tools hosted at the University of Massachusetts
Medical School. Subject demographics and anatomical mea-
surements were analyzed in terms of frequency and percent, or
mean, standard deviation and range. Wilcoxon’s rank sum test
was used to compare patients who had a history of hysterec-
tomy and subjects who did not.

Fig. 1 Sagittal view of the inside surface of the left hemipelvis. The left
pudendal artery (red arrows) can be seen leaving the pelvis at the level of
the ischial spine (green arrow)

1178 Int Urogynecol J (2017) 28:1177–1182



Results

Of 215 PCTA studies identified that had been performed at
our institution during the study time period, 87 were included
in the final analysis. PCTA studies in male patients were elim-
inated (94 studies). Eleven patients had one or more of the
exclusion criteria and 23 patients had more than one PCTA
study. For these subjects, only the more recent study was
analyzed. The subjects’mean (±SD) agewas 66.9 ± 14.4 years
and their mean BMI was 26.1 ± 6.3 kg/m2. The majority were
Caucasian (91.5%), 5.74% were Hispanic, and 2.75% identi-
fied as other race. Ten subjects (11.4%) had a prior hysterec-
tomy, 17.2% a prior laparoscopy, 2.3% a prior incontinence
procedure, and 1.1% prior prolapse repair. In 20 subjects
(23%) no documented gynecologic history was documented
and we were unable to corroborate the type of hysterectomy.
Fifty-three subjects (61%) had hypertension and 14 (16%) had
diabetes.

The most common primary indication for PCTAwas aortic
abdominal aneurysm in 46 studies. Other indications included
abdominal pain (16), claudication (6), renal stenosis (5),

aortoiliac disease (5) and other (9). Other indications for
PCTA included fibromuscular dysplasia of the aortic vessels,
monitoring embolization of splenic aneurysms, aortoiliac by-
pass monitoring, connective tissue disease vessel evaluation,
foot pain and dyspnea.

The principal findings for the measurements of the vascular
anatomy of the pudendal artery are shown in Table 1. The
shortest distance from the ischial spine prominence to the
pudendal artery was 2.7 mm and the longest was
17 mm.The vascular retropubic space anatomy findings are
shown in Table 2. The overall prevalence of the aberrant co-
rona mortis vessel was 27.9%. The obturator artery vessels
were the closest arterial vascular element to the midline and
lower edge of the symphysis pubis.

Anatomical variations in the vascular anatomy caused by
hysterectomy were explored, and the findings are shown in
Table 3. Most of the measurements showed no significant
differences except for both obturator arteries (p = 0.043 for
the right, p = 0.036 for the left).

Discussion

Most of the information available regarding the vascular sur-
gical anatomy of the ischial spine and retropubic space is from
small series of embalmed and unembalmed cadaver studies.
Cadaver studies are limited by the sparse demographics and
absent clinical information about the donor, as well the cost
and difficulty of gathering large numbers of specimens. In
addition, preparation of the specimen and dissection itself of-
ten disturb the natural anatomical relationships, potentially
limiting the external validity [10].

We used PCTA because it provides a high resolution (small
slice thickness), combined with arterial contrast which allows
easy recognition of the vessels of interest. Conventional MRI
with 1.5 T magnets is inferior to PCTA in terms of spatial
resolution, slice thickness and resolution of noncalcified struc-
tures [11]. Because of the quality of images that we had avail-
able we consider that PCTA provided better resolution for the
purposes of our study. MRI with 3 T magnets can provide
thinner slices and better resolution than MRI with 1.5 T mag-
nets, but unfortunately, this technology is expensive and not
widespread. MRI with 3 T magnets can provide images with a
quality superior to PCTA and with the added benefit of using
non-ionizing radiation. It is possible that in the future this
technology could be incorporated into clinical practice to pro-
vide a map of the pelvic anatomy prior to a surgical procedure
enabling individualization of care.

Most of the subjects in this study had no prior prolapse or
continence procedures, but a reasonable number of them had a
hysterectomy (12%). Our analysis showed that a hysterecto-
my caused minimal changes in the anatomy of the regions of
interest in this study. Our study was not powered or designed

Fig. 3 Sagittal view of the inside surface of the left hemipelvis showing
the retropubic space. The symphysis pubis (blue arrow), external iliac
artery (green arrow) and aberrant corona mortis vessel (red arrow)

Fig. 2 Transverse view from the perspective of the subject’s feet in a
prone position. The dashed line shows the shortest distance between the
ischial spine and the isolated pudendal artery
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to look specifically for this situation, and similar cadaver stud-
ies, also due to the limited number of donors, have failed to
show a significant difference. We believe that this technology
will help in the future to clarify the role of pelvic surgery and
changes in the pelvic anatomy. Our value of the distance from
the pudendal artery to the ischial spine is similar to those
reported from cadaver studies, although we found this struc-
ture slightly closer than previously reported. Where cadaveric
data were available, our measures were similar to the cadav-
eric values [6–8]. These studies resulted in the recommenda-
tion to place suspension suture needles at least 2 cm medial to
the spine to avoid potential neurovascular damage. Our find-
ings support this recommendation [6, 12, 13].

Concerning the retropubic space anatomy, our findings are
consistent in showing that the obturator artery vessels are the
closest arterial vascular element to the midline, as found in
cadaver studies [7]. The inferior epigastric vessels and the
external iliac artery and vein appear to be quite far away from
the midline, but there are case reports of damage to these
vessels by a sling trocar [14]. Surgeons should be aware that

subtle changes in the angle of introduction of a transvaginal
trocar can lead to significant deviation of the tip of the trocar.
This deviation can result in injury to these vessels. Another
vascular element in the retropubic space to considerer is the
aberrant corona mortis vessel. Most of its anatomical descrip-
tions come from mixed populations (males and females) and
to our knowledge there is only one cadaver study in females
looking exclusively for the presence of this vessel [9]. This
was present in over 25% of our subjects This vessel has been
associated with some retropubic space bleeding episodes after
retropubic and transobturator sling placement and injury to the
vessel could result in significant retropubic bleeding [15, 16].
We did not identify previous articles exploring the effect of
hysterectomy on vascular pelvic anatomy. We do not have a
plausible explanation as to why the distance from obturator
arteries to the lower edge of the symphysis pubis was the only
variation that reached statistical significance. Further studies
exploring this finding are required.

The main strength of our study is that it is the largest study
of the retropubic space and vascular anatomy around the

Table 2 Distances from
retropubic structures to each other Anatomical measurement Distance (mm), mean (range)

This study Cadaver studies

Height of symphysis pubis 41.8 (32–51)

Midline to left inferior epigastric vessels 56.1 (23–85) 46.7 (35–55)b

Midline to right inferior epigastric vessels 56.7 (23–90.1) 44.2 (35–55)b

Superior border of symphysis to epigastric bifurcation 25.4 (0–58)

Midline to left external iliac artery 66.3 (8–87)

Midline to left external iliac vein 74.1 (47–68)

Midline to right external iliac artery 58.4 (46–75)

Midline to right external iliac vein 58.5 (47–71)

Lower edge of symphysis pubis to right obturator artery 34.9 (14–68) 32 (16–43)c

Lower edge of symphysis pubis to left obturator artery 35.1 (15–68)

Lower edge of symphysis pubis to right corona mortisa 51.3 (37–59) 65.0 (5.5–7.6)d

Lower edge of symphysis pubis to left corona mortisa 52.7 (36–58)

aWhen the corona mortis was present
b Data from Stavropoulou-Deli and Anagnostopoulou [9]
c Data from Muir et al. [7]
d Data from Ates et al. [8]

Table 1 Distances from the
pudendal artery to pelvic
structures

Anatomical measurement Distance (mm), mean (range)

This study Cadaver study

Ischial spine to left pudendal artery 8.0 (3.0–17) 12 (7–17)a

Ischial spine to right pudendal artery 8.7 (2.7–15)

Origin of the left pudendal artery to the midline 45.5 (5.3–78)

Origin of the right pudendal artery to the midline 44 (3.3–78)

a Data from Thompson et al. [6]
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ischial spine. Most of our findings represent large vessels that
can be visualized by PCTAwithout three-dimensional recon-
struction. Our study was limited by the inability of the imag-
ing to show nerves and other structures that are of surgical
interest. Smaller clinically relevant veins could not be visual-
ized and previous studies have suggested some aberrant anas-
tomoses, specifically with the corona mortis [17]. All patients
had major vessel pathology that raises the possibility that their
vascular anatomy may have been different from that in a

population without these medical conditions, but this seems
unlikely.

Conclusions

We consider that measurements obtained from three-
dimensional imaging models reconstructed from PCTA scans
are consistent with those obtained in unembalmed cadaver

Table 3 Vascular pelvic anatomy measurements in patients with and without a history of hysterectomy

Measurement Total (N = 86a) No history of hysterectomy (N = 74a) History of hysterectomy (N = 12a) p
value

Mean Median Minimum Maximum Mean Median Minimum Maximum Mean Median Minimum Maximum

Ischial spine to left
pudendal artery

8.02 7.75 3 17 8.09 7.75 3 17 7.60 7.7 3 12.5 0.769

Ischial spine to right
pudendal artery

8.67 8.6 2.7 15 8.68 8.65 3 15 8.61 8.3 2.7 14 0.915

Origin of left
pudendal artery
to midline

51.28 51.5 5.6 92 50.57 49.5 5.6 92 55.67 54 42 80 0.117

Origin of the right
pudendal artery
to midline

52.70 52.5 6.8 108 52.85 52.5 6.8 108 51.75 52 41 64 0.827

Height of symphysis
pubis

41.82 42 32 51 41.72 41.1 32 51 42.42 42 36 49 0.617

Midline to left
inferior epigastric
vessels

56.12 56 23 85 56.37 56.5 23 79.2 54.58 52.5 34 85 0.386

Midline to right
inferior epigastric
vessels

56.73 57 23 90.1 56.83 57 23 90.1 56.17 55 44 70 0.751

Superior border of
symphysis to
epigastric
bifurcation

25.41 24.5 0 58 24.87 24 0 58 28.75 30 0 42 0.085

Midline to left
external iliac
artery

66.33 66 8 87 66.43 66.5 8 79 65.72 65.5 50 87 0.385

Midline to right
external iliac
artery

74.06 67.5 47 687 75.40 68 47 687 65.83 66 57 76 0.375

Midline to left
external iliac vein

58.38 58 46 75 58.64 58.5 46 75 56.78 56.5 48 68 0.379

Midline to right
external iliac vein

58.51 59 47 71 58.73 59 47 71 57.17 57 47 66 0.443

Lower edge of
symphysis pubis
to right obturator
artery

34.96 34.5 14 68 34.15 34 14 59 39.98 37.5 32.7 68 0.043

Lower edge of
symphysis pubis
to left obturator
artery

35.14 35 15 68 34.26 34.5 15 60 40.58 38 31 68 0.036

Lower edge of
symphysis pubis
to right corona
mortisa

45.57 47 5 59 44.91 46.5 5 55 50.40 53 39.2 59 0.402

Lower edge of
symphysis pubis
to left corona
mortisa

45.83 47.5 5 58 45.29 47 5 58 49.63 53 38.9 57 0.457

a Right and left corona mortis, respectively: total N = 25 and 24; no hysterectomy group N = 22 and 21, hysterectomy group N = 3 and 3
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studies. The aberrant corona mortis vessel was present in a
relatively large proportion of our subjects and appears to be
closer to the midline than previously described. Prior hyster-
ectomy appears to have a minimal impact in the vascular anat-
omy of these regions, but further studies are required to cor-
roborate this finding. This technology offers a great opportu-
nity to study anatomical relationships in the pelvis in its native
undisturbed state.
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