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historical neuroanatomical studies from our 
own library. Our own experimental cadaveric 
(specimens preserved in Thiel’s solution) 
studies of the autonomic nerve supply of the 
lower urinary tract were also reviewed. 
Visualization of the pelvic anatomy and 
neuroanatomy was done using computer-
based software packages. No unified 
terminology for the structures of the NVBs 
can be presented to date. The innervation of 
the smooth muscular structures of the 
urethra and the complex morphology of 
urethral sphincter remain unclear. Our 
cadaveric studies showed that nerves are 
located on the lateral aspect of the prostate 

in addition to the NVBs described at the 
dorsolateral side of the prostate. The 
neuroanatomical investigations of the male 
pelvis and visualization of the structures in 
3D enable the presentation of operative sites 
as seen intraoperatively. Moreover, dynamic 
depiction of the pelvic floor is also possible.
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The neuroanatomical structures of the 
radical prostatectomy (RP) are extensively 
discussed for their existence, localization 
and function. Especially structures, e.g. the 
so-called neurovascular bundle (NVB) that 
are points of debate in numerous anatomical 
studies. We review the literature and present 
our observations in cadaveric specimens, to 
reconstruct neuroanatomical structures in 
three dimensions (3D) with the use of 
appropriate computer applications and 
produce images of operative fields. We used 
an internet PubMed survey (http://
www.ncbi.nlm.nih.gov) to review recent 
publications and included back copies of 

 

INTRODUCTION

 

The preservation of nerves of continence, 
erection and bladder function is an issue of 
interest for urologists, rectal surgeons and 
gynaecologists. The pelvic plexus (synonyms: 
inferior hypogastric plexus, pelvic ganglion) 
with its many visceral branches represents an 
important neuroanatomical structure of 
pelvis. Branches of the pelvic plexus are the 
cavernosal nerves, which include autonomic 
fibres responsible for erectile function. These 
nerves are mainly concentrated laterally to 
prostate, for a short distance laterally to 
urethral sphincter and ventro-laterally to the 
rectum. In clinical day-to-day terminology, 
these neural structures are referred to as 
neurovascular bundles (NVBs). Preservation of 
the NVBs during procedures such as radical 
prostatectomy (RP) is associated with 
improved clinical outcome in terms of sexual 
potency.

An additional issue of controversy on the 
neuroanatomy of the pelvis is the autonomic 
innervation of the external urethral sphincter. 
The nerve supply, course of nerves, structures 
innervated and terminology of the 
neuroanatomical structures of pelvis are still 
not well defined. Although neuro-protective 
surgical methods were introduced in the last 
few years, the wide acceptance of common 
terminology is yet to come.

 

EVIDENCE ACQUISITION

 

The purpose of this review is to summarize 
and evaluate published research results on 
neuroanatomy of the male pelvis. We used an 
internet PubMed survey (http://www.ncbi. 
nlm.nih.gov) to review recent publications 
and included back copies of historical 
neuroanatomical studies from our own 
library. Our macro-anatomical studies on 
cadavers (fixed and preserved in Thiel’s 

solution [1]) are also presented. In an effort 
to improve visualization of the pelvic 
neuroanatomy, we developed a three-
dimensional (3D) computer model based on 
our cadaveric studies, which closely refers to 
operative field structures.

 

EVIDENCE SYNTHESIS

 

INVESTIGATIONS ON THE NEUROANATOMY OF 
THE PELVIS

 

Historical studies

 

In Germany research of the neuroanatomy of 
the pelvis dates back to the end of 18th 
century [2]. The anatomist John Gottlieb 
Walter described in detail the autonomic 
neural plexus of the thorax, the abdomen and 
the pelvis in 1783. Walter produced the first 
illustration of the pelvic plexus including 
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down-stream visceral nerves to separate 
pelvic organs (‘Plates of the Thoracic and 
Abdominal Nerves’, London 1804). Based on 
Walter’s work and his own anatomical 
dissections, the anatomist Johannes Mueller 
in 1836 published excellent anatomical 
illustrations in a text book entitled: ‘Über die 
organischen Nerven der erectilen männlichen 
Geschlechtsorgane des Menschen und der 
Säugetiere’ (‘The organic nerves of male 
sexual organ of human and mammals’, 1836) 
(Fig. 1). These anatomical depictions opened a 
new way in the understanding of autonomic 
and somatic nerves in the pelvis. Not only 
did Mueller differentiate between skeletal 
muscles of the pelvic floor and smooth 
musculature of the pelvic organs, he also 
highlighted a difference in innervation. 
Indeed, his illustrations are the basis for 
famous text books such as ‘Gray’s anatomy’ 
originally published in 1858 [3].

Those anatomical investigations were 
followed by several exciting physiological 
experiments. In 1858, Budge showed that 
stimulation of pelvic plexus leads to 
contraction of the vas deferens and seminal 
vesicles in animal experiments. Eckard 
introduced the term ‘nervi erigentes’ after 
he triggered an erection with electrical 
stimulation of visceral sacral fibres in a dog.

The end of 19th century was marked by 
numerous neurophysiological studies. Langley 
and Anderson provided the key research and 
described very accurately the course of nerves 
in the lumbar and sacral regions in the cat, the 
dog and the rabbit. For the first time, the 
pelvic nerves were associated with functions 
of the pelvic and external genital organs.

 

Modern investigations on the neuroanatomy 
of the pelvis

 

Initially, rectal surgeons identified problems 
with erectile dysfunction after deep rectal 
resections in the 1970s, long before Walsh 
and Donker [4] introduced RP in the 1980s. 
Davis and Jelenko (1975) [5] as well as 
Stelzner (1977) [6] highlighted for the first 
time the potential for injury to the cavernosal 
nerves during resections of the rectum. 
Recent work in the field of rectal surgery 
concern the pararectal fasciae, which 
envelope and compartmentalize urological 
organs and nerves. In particular the 
rectosacral fascia dorsally and Denonvilliers’ 
fascia ventrally are known as important 
dissection planes [7,8].

Interest in surgical neuroanatomy in the field 
of Urology emerged with the rise of RP in the 
1980s [9,10]. Walsh and Donker described the 
anatomical RP that enabled preservation of 
the NVBs [4]. They contributed important 
findings on localization and course of 
pelvic plexus and cavernosal nerves. Lepor 

 

et al.

 

 (1985) [11] confirmed with their 
investigations in adults the dorsolateral 
localization of neural structures around the 
prostate as described by Walsh and Donker 
[10]. Important experimental studies in 
animals were performed by Lue 

 

et al.

 

 (1984) 
[12] in an effort to elucidate the spinal centres 
of erectile function.

The neuroanatomical studies describe the 
pelvic plexus as a collection of ganglion cells 
and nerve fibres that spread bilaterally 
between pelvic sidewall and pelvic organs. It is 
rhombically shaped and has a longitudinal 
diameter of 4–5 cm. The plexus is located 
between the seminal vesicles and the 
transmural ureters on the dorsal aspect of the 
bladder and the prostate as well as the 
mesorectum antero-laterally. These structures 
can be injured during radical cystectomy, 
rectal resection or ureteric antireflux surgery. 
The pelvic plexus is the major centre for co-
ordination of the autonomic innervation of 
the pelvic organs and the external genital 

organs. Sympathetic fibres of the superior 
hypogastric plexus, the sacral sympathetic 
chain ganglia and parasympathetic fibres of 
the pelvic splanchnic nerves (nervi splanchnici 
pelvici) as well as somatic afferents feed into 
the pelvic plexus (Fig. 2) [13].

As pelvic surgery further developed, 
urological anatomical research concentrated 
mainly on efferent nerves of the pelvic plexus 
and their relationship to pelvic organs and 
external genitalia. Anatomical dissections of 
the pelvic plexus in adult male cadavers have 
been problematic; hence, embryos and 
cadavers of newborns with clearly separated 
planes and little areolar fatty tissue were used 
instead. Several authors have performed 
studies on embryos and cadavers of newborns 
and made major contributions to the 
understanding of the neuroanatomy of the 
male pelvis [14,15]. Recently, interest in pelvic 
neuroanatomy was mainly associated with 
the development of new operative 
techniques. For the first time, rectal surgeons 
indicated the potential of injury to the pelvic 
plexus with subsequent erectile dysfunction 
during rectal resections in the 1970s [5,6]. In 
particular, Stelzner’s group worked extensively 
on improvements of operative techniques for 
rectum carcinoma [6,7,16]. They described a 
nerve-sparing technique for colon resection, 

 

FIG. 1. 

 

Original figure by Müller showing the pelvic plexus (from: ‘The organic nerves of male sexual organ of 
human and mammals’, Johannes Müller 1836, Leipzig University Library).
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which they have successfully carried out since 
the 1980s. Two different zones were thought 
to be of paramount interest for the 
preservation of the neural structures: 
firstly and most importantly, sparing of 
Denonvilliers’ fascia near the seminal 
vesicles where the pelvic plexus is mostly 
concentrated and, secondly, the region of 
external urethral sphincter. At the site of the 
external urethral sphincter, cavernosal nerves 
converge in a ‘pincer-shaped’ formation close 
to the urethra before they penetrate the 
muscular pelvic floor. Stelzner controversially 
recommended sparing of a layer of the 
external muscular colonic wall to preserve 
connective tissue between urethra and 

rectum. Some authors locate the 
urethrorectalis muscle in this position. Indeed, 
it is well known that the rate of erectile 
dysfunction increases after extensive rectal 
resections with interference of this 
connective tissue junction. The authors were 
able to show maintenance of erectile function 
in all cases where this technique was used.

In the operative field of the urologist, 
dissection takes place most closely to the 
pelvic plexus during radical cystectomy and 
ureteric re-implantation during antireflux 
surgery. It should be noted that no commonly 
accepted and standardized technique of 
nerve-sparing cystectomy exists. When 

emphasis is given solely to oncological 
outcome, the performance of a nerve-sparing 
procedure represents a largely impractical if 
not impossible task. On the contrary, ureteric 
re-implantation procedures should routinely 
consider sparing of the pelvic plexus. Leissner 

 

et al.

 

 (2001) [17] used methylene blue staining 
and achieved an excellent representation of 
pelvic plexus. The authors described the 
plexus 1.5–2 cm dorso-medially to the 
uretero-vesicle junction in the adult. Most of 
the efferent fibres curve towards the trigone, 
only a few fibres radiate to the mesorectum 
and the distal ureter. Current literature does 
not concur to the localization of the pelvic 
plexus. Discrepancies exist for the efferent 
branches in particular those lending 
autonomic supply to the urethral sphincter. 
In contemporary literature, it is generally 
accepted that the urethral sphincter exists 
functionally as well as morphologically 
independently from the surrounding pelvic 
floor. There is no concurrence to the relation 
of smooth muscular urethral elements and 
their nerve supply. Some authors advocate the 
distinct functional entity of the urethral 
sphincter, which consists of smooth and 
striated muscular components. Dorschner 

 

et al.

 

 [18,19] introduced the descriptive 
anatomical terms musculus sphinter urethrae 
transversostriatus (striated component) and 
musculus sphincter urethrae glaber (smooth 
muscular component). Moreover, the use of 
term rhabdosphincter by several authors 
implies a urethral sphincter solely consisting 
of striated muscle [20–22]. Nevertheless, the 
function of the urethral sphincter that 
ascertains continence after extensive 
transurethral resection of the prostate or 
non-bladder neck-preserving RP leads to 
the conclusion that a smooth muscular 
involuntary innervated component of urethral 
sphincter exists. Three basic observations 
attempt to clarify the above controversial 
data:

The autonomic nerves:

I. Derive directly from the pelvic plexus 
[20,23],
II. Run initially with the cavernosal nerves 
and branch off to reach the sphincter 
[24],
III. Run with the pudendal nerve or form 
anastomotic fibres between the cavernosal 
nerve and the pudendal nerve [25–27].
In addition, there is branching of autonomic 
fibres from the cavernosal nerves to the 
urethra (Fig. 3) [13].

 

FIG. 2. 

 

Nerves of the pelvis containing sympathetic and parasympathetic fibres (computer 3D visualization) 
[13].
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FIG. 3. 

 

Autonomic nerves branching from cavernosal nerves to the urethra (3D visualization) [13].
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The dispute of the NVB

 

Most current literature, regards the pelvic 
plexus as purely an autonomic structure. 
However, there are some reports suggesting 
occasional fusion of autonomic and somatic 
nerve fibres within one common neural sheet. 
Akita 

 

et al.

 

 [23] described a lowermost branch 
of the pelvic plexus (from the caudal aspects 
of the splanchnic nerve) running on the rectal 
surface of the levator ani. These fibres, which 
are probably autonomic, finally reach the 
urethral sphincter region after approaching 
the caudal surface of the prostate. In other 
studies, investigators, who consider the 
urethral sphincter as a rhabdosphincter solely 
(with no smooth muscle content), were 
unable to show any contribution of the 
autonomic pelvis plexus to urethral sphincter 
innervation [24]. However, these investigators 
mention an autonomic supply to 
membranous urethra arising from the 
prostatica plexus [21]. The above differences 
among investigators could be attributed to 
lack of accurately defined nomenclature, 
because of the ongoing discussion on content 
and function of the urethral sphincter 
complex. Although urethral sphincter 
innervation remains controversial, it is clear 
that patients with complete pudendal nerve 
lesions maintain resting urinary continence. 
The latter fact shows clearly the existence of 
an autonomic innervation of the smooth 
muscular part of the urethral sphincter. There 
is supporting evidence for the relevance of 
the NVB for continence from intrafascial 
nerve-sparing endoscopic extraperitoneal RP 
by which NVBs are preserved bilaterally. As 
shown recently by our group, continence 
rates achieved with this technique are 
especially high compared to published data 
[28,29].

Initially, Walsh and Donker [4] described 
the NVB as a well-defined structure that 
contains the neural branches for autonomic 
innervation of the corpora cavernosa. The 
NVB is located in between the two layers of 
the lateral pelvic fascia (levator fascia [lateral 
layer] and prostatic fascia [medial layer]) and 
during a nerve-sparing procedure; the 
prostatic fascia must be excised [30]. The NVB 
runs postero-laterally to prostate and 
continues to a lateral urethral position before 
penetrating the pelvic floor. There is a close 
relationship between the capsular vessels and 
neural fibres located outside the prostatic 
capsule. Translation of this finding into a 
nerve-sparing operating technique favoured 

the excision of prostatic fascia. Recently, 
several descriptions of the NVB have shown 
variations in the distributions of autonomic 
fibres between different individuals. A large 
percentage of patients have been reported as 
having a ‘fan-like’ nerve fibres distribution 
on the lateral aspect of the prostate and 
extramural ganglion cells on lateral and 
anterior surface of prostate. Our own 
anatomical investigations with Thiel’s 
solution supporting these findings are shown 
in Fig. 4.

A wide and fan-like lateral distribution of the 
NVB is clearly shown in our cadaveric study. 
Interestingly, Kiyoshima 

 

et al.

 

 [31] found a 
distinct NBV in only 48% of the specimens. In 
the remaining 52%, the nerves were spread 
over the entire lateral surface of prostate 
without either specific localization or bundle 
formation. This finding raises questions about 
the consistent innervation of the urethral 
sphincter and the cavernosal bodies. It is 
most likely that the definition of autonomic 
nerves of the male pelvis is far from being 
complete.

The previously mentioned increasingly 
differentiated understanding of lateral 
prostatic fascial covers and the inter-
individual nerve distribution have led to the 
development of new operating techniques. 
Menon 

 

et al.

 

 [32–34] recognised the course 
of the NVB, in between two layers of the 
periprostatic fascia, and recommended the 
incision of the periprostatic fascia parallel to 
the NVB. The concept of the ‘veil of Aphrodite’ 
was developed. Stolzenburg and co-workers 
[35] developed and propagated the 
‘intrafascial’ nerve-sparing technique by 
taking into account that nerve fibres from the 
NVB migrate and diverge high up on the 
lateral surface of the prostate into the 
anterior direction, as has been shown recently. 
The authors describe an almost anterior 
incision of the periprostatic fascia, medial to 
the puboprostatic ligaments [36,37].

Recently, a precise anatomical description of 
the NVB was attempted and a functional 
compartmentalization of the NVB was 
proposed. The NVB consists of three 
functional compartments: the postero-lateral 

 

FIG. 4. 

 

Methylene blue stained NVB overlapping the lateral and anterior side of the prostate; sy-symphysis, 
pr-prostate, bl-bladder (cadaveric material preserved in Thiel’s solution).
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compartment, supply to the rectum; the 
lateral compartment, supply to the levator ani; 
and the most anterior compartment, supply to 
the prostate and the cavernosal nerves. This 
detailed anatomical differentiation may pose 
new opportunities for nerve grafting or partial 
preservation of NVB [38].

Occasionally, erectile function has been 
reported to be preserved even after bilateral 
lesion of NVB. The latter and the fact that 
autonomic nerve fibres follow the course of 
arteries give rise to the hypothesis of some 
additional autonomic innervation of 

cavernosal bodies or, indeed, anastomoses 
between pudendal and cavernosal nerves. 
These anastomoses can be seen in the penis 
but no direct evidence exists to support the 
functional observations (Figs 5,6) [13,23,25].

Therefore, the course of neural fibres in the 
pelvis remains a point of lively discussion. The 
exact anatomical and functional definition 
along with possible anatomical variations has 
not yet been defined. Several attempts have 
been made to reach a nomenclature 
consensus of anatomical structures 
surrounding the prostate and the pelvis 

[30–32,39–41]. In an effort to overcome 
the existing confusion, we developed a 
3D reconstruction model of the pelvic 
neuroanatomy based on both, our own and 
published data.

PROBLEMS WITH GRAPHICAL ILLUSTRATIONS 
IN ANATOMY

Anatomical structures have been 
reconstructed in 3D in several studies 
[7,13,42–47]. Usually, a series of histological 
sections are converted into 3D models to 
show details of the pelvis. However, more 
complex depictions of the pelvic organs and 
the neuroanatomical structures are missing in 
the current literature. Based on our own 
macro-anatomical studies on adult male 
cadavers, we developed a computer-based 3D 
model of the male pelvis.

The computer model was constructed based 
on commercial 3D models (PoserPro, Smith 
Micro Inc., USA). Those models were imported 
into 3D Suite ‘3D Studio Max’ (Autodesk 
GmbH, Germany). Using these models for 
crude co-ordinates, the distinct anatomical 
elements (blood vessels, nerves, fascia, 
muscles, etc.) were constructed manually in 
the 3D Studio using the powerNURBS plugin 
(IntegrityWare Inc., USA). Each step of the 
sequential modelling was intensively 
discussed and the model was adjusted to 
our anatomical and histological findings. 
Texturing, virtual illumination and camera 
positions were adjusted in 3D Studio. Crude 
rendering was done in 3D Studio and with the 
aid of special rendering plugins (Final Render, 
cebas Computer GmbH, Germany). The figures 
were finalized in CorelPhotopaint and 
CorelDraw (Corel Inc., USA). This gave us the 
opportunity to develop 3D-reconstruction 
images that resemble actual operative fields 
(Figs 3,7) [13].

The advantage of this type of computer image 
is the variability of viewing angle; hence, they 
are especially suited for atlases of surgical 
operations. To enhance visualization of 
structures of interest, anatomical structures 
can be omitted or made transparent without 
jeopardizing the special relationships of 
organs. In addition, this type of animation 
allows the presentation of structures in 
motion such as muscles in contraction. 
Complex dynamic movement of the pelvic 
floor can therefore be displayed and may 
facilitate understanding of continence and 
micturition.

 

FIG. 5. 

 

Close course of nerves and vessels (cavernosal nerves, prostatic plexus, NVB, dorsal nerve of penis) 
around the prostate towards the cavernosal bodies (3D visualization) [13].
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FIG. 6. 

 

Relation between the bulbospongiosus and ischiocavernosal muscles and the nerves of the penis (3D 
visualization) [13].
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CONCLUSIONS

 

The development and refinement of pelvic 
surgery led to an enormous increase in 
investigations on neuroanatomical structures 
of the male pelvis. Several topics are 
currently under discussion: (i) A unified 
terminology of the NVB is missing and the 
autonomic innervation of the smooth muscle 
component of the urethra remains to be 
elucidated. (ii) The composition and 
morphology of the urethral sphincter is still 
ambiguous. We observed a complex 
morphology of the urethral sphincter 
consisting of smooth and striated muscle 
fibres running in horizontal direction. 
Because of definite additional autonomic 
innervation of urethral sphincter, the term 
‘rhabdosphincter’ probably does not 
represent reality. The innervation and 
function of the muscular system of the 
urethra is not clear and there is very limited 
reference in the literature. (iii) Visualization of 
neuroanatomical knowledge is important for 
the development of nerve-sparing operative 
techniques. Numerous macro-anatomical 
studies show structures that are difficult to 
refer to in operative fields. In the present 
study, an effort was made to incorporate 
anatomical knowledge gained over the years 
in a complex 3D model. Previous 3D studies 
present only details for the explanation of 
function of the entire pelvic floor with limited 
use in the clinical field. Anatomical terms 
introduced in the above studies clarify details 
but they lack realistic depiction of the 
anatomical space of the pelvis. With further 
development of present 3D models, the 
presentation of operative sites and 
anatomical cuts as seen in operative fields is 
possible. The digital processing of data 
enables the dynamic visualization of 
anatomical structures. Nevertheless, currently 
available data from anatomical studies of the 
male pelvis do not allow for complete 
representation of the muscular pelvic floor, 
the neural structures, and the innervation 
pattern. Anatomists and pelvic surgeons are 
still challenged to providing more complete 
structural and functional details of the male 
pelvis to improve our basic understanding 
and surgical techniques.
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FIG. 7. 

 

Nerves and vessels of the pelvis in steps of 3D modelling (created with 

 

Autodesk® 3D Studio max R8

 

). 

 

A

 

, From anatomical findings 3D wire-frame models are constructed for the required parts of the skeleton, the 
organs, the essential muscle structures and fasciae as well as for the vessels and the nerves. 

 

B

 

, While 
displaying and using these wire-frame models as volumetric bodies the spatial relations of the anatomical 
components are adjusted in the virtual 3D space. The vessels and nerve structures are fine-tuned to correctly 
supply the respective organs. 

 

C

 

, The geometry of the 3D model components is finished and the virtual 

 

situs

 

 is 
completely composed. Now adding a background and some lighting, as well as applying textures to the 
individual models, gives a first impression of the final image. 

 

D

 

, Fine-tuning the lighting and applying some 
transparency and some shadow casting enhances the perceived optical depth of the rendered image and 
emphasizes the 3D impression of the final image. Setting the overall image in the mid-tones, so that 
highlights as well as shadows can stand out, adds to the 3D impression as well.
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