
INTRODUCTION

Radical retropubic prostatectomy is the surgical treatment
of choice for patients with localized prostate cancer. Numer-
ous studies have been published demonstrating excellent tumor
control, good functional results, and low morbidity associat-
ed with the procedure (1-4).

However, the major long-term morbidity from radical ret-
ropubic prostatectomy that remains is erectile dysfunction,
despite advances in surgical techniques. Prior to studies done
by Walsh and Donker (5) using male fetuses, the cause of erec-
tile dysfunction after radical prostatectomy was not well under-
stood. They proposed and eventually demonstrated that erec-
tile dysfunction occurred secondary to the injury of cavernos-
al nerves. These nerves were identified branching from the
pelvic plexus and running as a plexus of small nerves within
a prominent neurovascular bundle on the posterolateral bor-
der of the prostate, terminating in the region of the mem-
branous urethra. These nerves are mainly concentrated lat-
erally to the prostate and these neural structures are referred
to as neurovascular bundles.

Nerve sparing radical retropubic prostatectomy has led to

improvements in potency rates, with studies reporting a 16
to 76% recovery of erectile function in men whose bilateral
neurovascular bundles were preserved and 0 to 56% in those
with unilateral neurovascular bundle preservation (6, 7). This
variability can be attributed to the fact that there was no defi-
nite and exact anatomy of periprostatic nerve fibers, especially
the cavernosal nerves. Although some papers about the anato-
my of periprostatic nerves were published recently, there are
still controversies about detailed descriptions of the exact
periprostatic nerve distribution in the literature. Thus, in
the present study, we described periprostatic nerve distribu-
tion and constructed a 3-dimensional model of nerve distri-
bution.

MATERIALS AND METHODS

The prostate, together with seminal vesicle, bladder, and
rectum, was removed en bloc from five adult male human
cadavers (age at death 43-72 yr) after filling urinary bladder
with 40% formaldehyde using urethral catheter. The speci-
mens were fixed with 40% formaldehyde until use for patho-
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Neuroanatomical Study of Periprostatic Nerve Distributions Using
Human Cadaver Prostate

We investigated the distribution and navigation of periprostatic nerve fibers and con-
structed a 3-dimensional model of nerve distribution. A total of 5 cadaver specimens
were serially sectioned in a transverse direction with 0.5 cm intervals. Hematoxylin-
eosin staining and immunohistochemical staining were then performed on whole-
mount sections. Three representative slides from the base, mid-part, and apex of
each prostate were subsequently divided into 4 sectors: two lateral, one ventral, and
one dorsal (rectal) part. The number of nerve fibers, the distance from nerve fiber
to prostate capsule, and the nerve fiber diameters were analyzed on each sector
from the representative slides by microscopy. Periprostatic nerve fibers revealed a
relatively even distribution in both lateral and dorsal parts of the prostate. There was
no difference in the distances from the prostate capsule to nerve fibers. Nerve fibers
in the ventral area were also thinner as compared to other areas. In conclusion, peripro-
static nerve fibers were observed to be distributed evenly in the periprostatic area,
with the exception of the ventral area. As the number of nerve fibers on the ventral
part is fewer in comparison, an excessive high up incision is insignificant during the
nerve-sparing radical prostatectomy.
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logic study. Each specimen was sliced by 5 mm step sections
from the base of the prostate to the apex, and a total of eight
slices of whole-mount histologic sections were embedded in
paraffin, and prepared, and then stained with anti-S-100 anti-
body neural stain to delineate the precise location of this neu-
ral tissue.

Immunostaining with anti-S-100 protein antibody was
performed by dewaxing the slides in xylene three times for
three minutes and then rehydrating in ethanol (two changes
of three minutes in 100% ethanol and two changes of three
minutes in 90% ethanol) and distilled water. The rabbit poly-
clonal primary antibody to S-100 protein (Immunon, Pitts-
burgh, PA, USA) was applied in a 1:500 dilution and incu-
bated for one hour at room temperature. The samples were
then washed in PBS, subjected to EnVision-HRP kit (DAKO,
Carpinteria, CA, USA), and the reaction product was visu-
alized with chromogen 3, 3′-diaminobenzidine (DAB) for
three minutes. Finally, samples were counterstained with
hematoxylin and dehydrated in alcohol and xylene.

The stained whole-mount section slide was divided into
four arbitrary sectors: two laterals, one ventral, and one dor-
sal (rectal side) according to one fourth the circumference of
whole-mount specimens. Whole-mount specimens were then
divided by two axes, such as from 1.5 to 7.5 o’clock and 10.5
to 4.5 o’clock direction (Fig. 1), and three representative slides
of each cadaver were analyzed by microscopy. Each slide was
taken from the base, mid-part, and apex of the prostate. A
pathologist counted the nerve fibers expressing S-100 pro-
tein (Fig. 2). Nerve fibers 100 micrometer or greater in diam-
eter were counted in ×200 magnification microscopically
(Olympus BX51; Tokyo, Japan), in addition to the number

of nerve fibers, the distance from nerve fiber to the true pros-
tate capsule, and nerve fiber diameter on each sector from
representative slides.

The three-dimensional periprostatic nerve distribution
model was made by connecting the stained nerve fibers from
the same location of the same sectors of the eight whole-mount
slides from each prostate and reconstructing its image after
taking a picture of the three-dimensional model (Fig. 3). 

For statistical analysis, the difference in variables was assess-
ed using ANOVA and Kruskal-Wallis nonparametric AN-
OVA. Statistical significance in this study was considered at
P<0.05. All analysis was performed with SPSS� for Win-
dows, version 13.0.

RESULTS

The average number of nerve fibers located in the ventral
part of the prostate was 5.75±1.20, and comparatively, the
average number in the dorsal (rectal) part was 28.50±2.17.
There were even fewer nerve fibers in the ventral part of the
prostatic base area, numbering 3.75±1.38. In the right lat-
eral part the average number of nerve fibers was 25.25±9.92,
and in the left lateral part 25.75±12.76; thus the number
of nerve fibers in the dorsal (rectal), right lateral, and left lat-
eral parts of the prostate capsule showed no significant differ-
ence, and nerve fibers were distributed evenly around the pro-
static capsule microscopically in the posterior, right lateral,
and those in left lateral areas. However, nerve fibers in the ven-

Fig. 1. Classification into four parts in whole-mount section of pro-
state with immunochemical staining using anti-S-100 protein anti-
body (asterix, urethra inserted Foley catheter previously).

Fig. 2. Histological section showing nerve distributions at ventral
(A), dorsal (rectal, B), right lateral (C), and left lateral (D) parts. Nerve
fibers in the ventral part (A) show decreased diameter and num-
ber compared to other parts (original magnification ×40, arrow,
nerve fibers stained with anti-S-100 protein antibody).
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tral part were small in number compared to the dorsal, right
lateral, and left lateral parts at all levels (P=0.001) (Table 1).
Moving from base to apex, the average number of nerve fibers
increased in the ventral area, but this increase was not statisti-
cally significant (P=0.386). The average distance from pro-
static capsule to nerve fibers was 1.73±0.43 mm in the ven-
tral part, 1.80±0.16 mm in the dorsal (rectal) part, 1.58±
0.26 mm in the right lateral part, and 1.23±0.29 mm in
the left lateral part. There was no difference in the average
distances when comparing the four different parts statistically
(P=0.266). Also there was no significant difference among
the base, mid-part, and apex levels (P=0.673) (Table 2).

The average thicknesses of nerve fibers in the ventral and
dorsal parts were 0.19±0.02 mm and 0.30±0.03 mm, and
those in the right and left lateral parts were 0.30±0.03 mm
and 0.28±0.03 mm, respectively. There was no difference
in nerve fiber thickness according to level such as base, mid-
part, and apex (P=0.180). However, the average thickness of
the nerve fibers in the ventral part was significantly decreased
as compared to the other parts (P=0.005) (Table 3). 

The three-dimensional model of the periprostatic nerve
fibers revealed an almost even distribution and nearly simi-
lar thickness of periprostatic nerve fibers on dorsal and both

Fig. 3. A 3-dimensional model of navigation of periprostatic nerve
fibers made by connection of silks.

Base

Apex

Right
lateral

Left
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*No significant difference among base, mid-part, apex ‘‘levels’’ (P=0.947); 
�
Small number of nerve fibers in ventral area with statistical significance (P=

0.001, <0.05).
SE, standard error.

Ventral (%)Sector

Sector

Dorsal (rectal) (%) Right lateral (%) Left lateral (%) Mean±SE

Base 3.75±1.38 (4.5) 27.00±5.31 (32.7) 28.50±6.38 (34.5) 23.25±7.09 (28.1) 20.63±14.21*
Mid-part 5.50±1.85 (6.2) 31.50±2.02 (35.5) 23.50±4.97 (26.5) 28.00±7.82 (31.6) 22.13±13.48*
Apex 8.00±2.74 (9.4) 27.00±3.89 (31.8) 23.75±4.40 (28.0) 26.00±5.85 (30.6) 21.19±11.15*
Median±SE (%) 5.75±1.20�(6.7) 28.50±2.17 (33.3) 25.25±9.92 (29.6) 25.75±12.76 (30.1)

Table 1. Average number of periprostatic nerve fibers

*No significant difference among base, mid-part, apex ‘‘levels’’ (P=0.673); 
�
No significant difference among 4 areas (P=0.266).

SE, standard error.

Ventral Dorsal (rectal) Right lateral Left lateral Mean±SE (mm)

Base 1.36±0.86 1.94±0.34 1.80±0.51 1.39±0.68 1.62±0.29*
Mid-part 1.20±0.70 1.72±0.26 1.75±0.64 0.98±0.21 1.41±0.24*
Apex 2.63±0.63 1.74±0.27 1.20±0.15 1.32±0.62 1.72±0.25*
Median±SE (mm) 1.73±0.43� 1.80±0.16� 1.58±0.26� 1.23±0.29�

Table 2. Average distance between prostatic capsule and nerve fibers

*No significant difference among base, mid-part, apex ‘‘levels’’ (P=0.180); 
�
Significantly thin nerve fibers in ventral area compared to 3 other areas (P=0.005).

SE, standard error.

Ventral Dorsal (rectal) Right lateral Left lateral Mean±SE (mm)

Base 0.19±0.02 0.28±0.06 0.41±0.04 0.35±0.07 0.31±0.03*
Mid-part 0.18±0.03 0.29±0.02 0.29±0.07 0.26±0.04 0.25±0.02*
Apex 0.19±0.04 0.23±0.03 0.24±0.02 0.25±0.04 0.23±0.02*
Median±SE (mm) 0.19±0.02� 0.30±0.03 0.30±0.03 0.28±0.03

Table 3. Average thickness of periprostatic nerve fiber

Sector
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lateral parts. Furthermore, there was absence of a cord-like
structure, such as neurovascular bundle, noted on the study.
However, the nerve fibers in the ventral part were substan-
tially fewer in number and decreased in thickness. 

DISCUSSION

Traditionally, it was thought that cavernosal nerves branch-
ed from the pelvic plexus and ran as a plexus of small nerves
within a prominent cord-like neurovascular bundle on the
posterolateral border of the prostate (5, 8).

New advancements in surgery, including the use of laparo-
scopic and robotic modalities and magnifying visual devices
in open surgery, have enabled precise nerve dissection. How-
ever, despite all these advancements in nerve preservation or
restoration, potency rates have remained unsatisfactory (9-
11). Recently, several descriptions of the neurovascular bun-
dle have been proposed: The neurovascular bundle, in con-
trast to the usual concept, appears to contain few pelvic splan-
chnic nerve components at the bladder-prostate junction. The
pelvic splanchnic nerve branches demonstrate a spray-like
distribution, and caudal branches reach the dorsolateral por-
tion of the prostate at levels more than 20 mm inferior to the
bladder-prostate junction. Therefore, the cavernous nerves
appear to be spread and located beyond the neurovascular
bundle (12). Tewari et al. (13) found, in addition to the main
neurovascular bundles, other nerve branches running between
the prostatic capsule and endopelvic fascia, and called them
distal accessory nerve pathway. According to these authors,
this pathway could explain the unpredictable response to erec-
tion recovery and the lack of correlation between surgeon per-
ception of the quality of neurovascular sparing and functional
results after radical prostatectomy. Recently, several descrip-
tions of the neurovascular bundle have shown variations in
the distributions of autonomic fibers between different indi-
viduals. About half of the patients have been reported as hav-
ing a ‘fan-like’ nerve fiber distribution on the lateral aspect
of the prostate (14).

As mentioned above, the traditional knowledge of the neu-
rovascular bundle has been challenged. Therefore, we per-
formed this study to distinguish microscopic features and
anatomic navigation of periprostatic nerves using male adult
cadavers. We found that the number of periprostatic nerve
fibers was distributed evenly to dorsal and both lateral area
of the prostate in our study. Unlike the study of Kiyoshima
et al. (14), no cord-like neurovascular bundle was observed
in any cadaver case in our study. In addition, the distances
from the prostatic capsule were almost the same in both the
lateral and dorsal (rectal) parts of the base, middle, and apex
levels of the prostate. These data, including numerical values
about periprostatic nerve fibers, have not been reported and
will serve as a guide for improved results for nerve sparing
radical prostatectomy.

Several urologists reported surgical techniques according
to the anatomy of the neurovascular bundle related to post-
operative sexual dysfunction (14, 15). Lunacek et al. (16) sug-
gested a modified technique of nerve sparing called ‘‘curtain
dissection’’, which involves incising the periprostatic fascia
and dissecting the neurovascular bundle far more anteriorly
than previously described. Graefen et al. (2) reported the tech-
nique of open retropubic nerve-sparing radical prostatecto-
my. In their study, the parapelvic fascia of the prostate is in-
cised at the lateroventral aspect of the prostate at 10 o’clock
and 2 o’clock. They noted the importance of starting the inci-
sion high up on the ventral aspect of the prostate to preserve
a maximum number of nerve fibers because a substantial num-
ber of nerve fibers are located at the ventral area. It has been
shown that potency rates strongly correlate with the num-
ber of preserved nerve fibers. 

Recently, robotic radical prostatectomy was subsequently
developed and popularized by several surgeon groups. Menon
et al. had introduced their modified technique of robotic radi-
cal prostatectomy, named Vattikuti Institute Prostatectomy
(17). The features of their technique are early transaction of
the bladder neck, preservation of the prostatic fascia (veil of
Aphrodite), and control of the dorsal vein complex after dis-
section of the prostatic apex. They reported that the veil nerve
sparing procedure offers superior erectile function compared
with conventional nerve-sparing surgery without compro-
mising cancer control (18).

Savera et al. (19) performed a histologic study of compari-
son between the Veil of Aphrodite technique and standard
nerve-sparing technique during a robotic prostatectomy. They
concluded that the Veil of Aphrodite technique is a safe pro-
cedure that effectively preserved the lateral prostatic fascia,
which contains nerve bundles that run along the surface of
the anterolateral zones. In their study, the nerve bundle counts
of the anterolateral zones was different between the two tech-
niques with statistical significance. 

Our result means modified nerve-sparing techniques by
incising the periprostatic fascia more anteriorly are feasible
for saving periprostatic nerves. But an excessive high up inci-
sion (over 2, 10 o’clock) would not be effective because the
number of nerve fibers of both lateral parts is much more than
that of the ventral part of the periprostatic area. These find-
ings are differernt from Eichelberg’s reports that the sum of
the median percentage of nerves detected in anterior half of
the prostate was more than 20% (20). Our result revealed
that the mean percentage of nerves in ventral part was 6.7%
(range: 4.5-9.4%) (Table 1).

According to Costello et al. (21), the majority of nerves which
exist on the anterior aspect of the prostate laterally are not
functionally significant parasympathetic nerves. So, there is
little evidence to support higher incisions in the lateral pro-
static fascia anatomically.

Based on this study, the number of periprostatic nerve fibers
is evenly distributed on both lateral and dorsal (rectal) parts
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from base to apex of the prostate without forming any cord-
like structures. Because the number of nerve fibers on the ven-
tral part is few in comparison, an excessive high up incision
over 2, 10 o’clock on the ventral part of the prostate is insignif-
icant during nerve-sparing radical prostatectomy.
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