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acronym Star. Star technique including a puncture 
angle of 60° and a gluteal lead exit places 3–4 electrode 
poles at the nerve. In clinical trial, mean operation time for 
bilateral PnM in Star was 85 min with mean puncture 
attempts of 3.5 to reach the nerve. Pain decreased statisti-
cally significant only in bilateral PnM.
Conclusions the Star approach appears to achieve 
technical standardisation and optimized reproducibility in 
pudendal lead placement resulting into an increased feasi-
bility of PnM.

Keywords Pudendal neuromodulation · Pudendal nerve · 
Puncture technique · Sacral neuromodulation

Introduction

Sacral neuromodulation (SnM) is a well-established pro-
cedure for the treatment of dysfunction of the lower uri-
nary tract, e.g. idiopathic detrusor overactivity, urinary 
retention, urge incontinence, symptoms of chronic pel-
vic pain and faecal incontinence [1]. about 10–25 % of 
patients fail to respond to SnM [2]. the search for an 
alternative treatment has lead to the stimulation of the 
pudendal nerve (Pn). Precondition for a successful puden-
dal neuromodulation (PnM) is the accurate placement of 
the tined lead at the nerve, especially at the trunk of the 
nerve. the current literature encompasses three puncture 
techniques, which are described as uncomplicated and fast 
in use.

In 1989, Schmidt et al. described for the first time a 
puncture technique to arrive the Pn for stimulation or 
block [3]. this technique was modified by Spinelli et al. 
[4]. an alternative technique was described by Peters et al. 
in 2005 [5]. the third technique was described by Bock in 

Abstract 
Purpose neurostimulation of the pudendal nerve (Pn) 
is considered for patients who have failed sacral neuro-
modulation. Previous techniques for Pn localization are 
described to be uncomplicated and promise to achieve 
accuracy in electrode placement. However, in clinical use, 
they appear challenging. We developed a puncture tech-
nique using fixed anatomical landmarks for a fast and 
reproducible localization of the Pn.
Methods Full-body cadavers and dissected anatomical 
preparations were studied for the course of the Pn. Fluoro-
scopically controlled fixed anatomical landmarks locating 
the pudendal trunk were defined. lead placement follow-
ing established techniques was performed, and the topo-
graphic relationship to the Pn was documented by dis-
section. In a pilot series of 20 patients with chronic pelvic 
pain, pudendal neuromodulation (PnM) was performed 
uni- and bilateral using the different approaches. techni-
cal and clinical outcomes of the various techniques were 
compared.
Results Fixed anatomical landmarks such as ischial spine, 
ischial tuberosity, acetabulum and anal rim resulted in a 
right-angled triangle with a new start and target point for 
puncture. Initials of the landmarks add up to the teaching 

K. Heinze (*) · a. van Ophoven 
Department of neuro-Urology, Marienhospital Herne, Herne, 
germany
e-mail: kai.heinze@marienhospital-herne.de

r. Hoermann · H. Fritsch 
Department of anatomy, Histology and embryology, University 
of Innsbruck, Innsbruck, austria

r. Dermietzel 
Department of neuroanatomy and Molecular Brain research, 
University of Bochum, Bochum, germany

Author's personal copy



 World J Urol

1 3

2010 using the same anatomical landmarks as described 
by Spinelli with the surgeon’s gloved index finger placed 
inside the rectum to guide the needle to the Pn [6]. In daily 
use, the described techniques unmask as very challenging 
and time consuming because repeated puncture attempts 
are often necessary to find the Pn.

One of the major characteristics of some of these tech-
niques is that they are based on anatomical landmarks that 
are variable under fluoroscopical control because they 
depend on patients’ individual anatomy and intraoperative 
bedding (e.g. trochanter major). We developed an implan-
tation technique based on fixed anatomical landmarks 
to define the ischial spine and thus the trunk of the Pn in 
order to achieve a fast and reproducible locating of the 
nerve and to increase feasibility of PnM.

Finally, we transferred our new approach from bench to 
bedside and compared the technical and clinical outcomes 
of the various techniques in 20 patients with chronic pelvic 
pain syndrome.

Materials and methods

Implantation technique

We utilized three full-body cadavers and six anatomi-
cal preparations of the pelvis provided by the anatomical 
Institutes at the Universities of Innsbruck, austria, and 
Bochum, germany in order to re-examine the anatomical 
course of the Pn and to confirm the ischial spine as the 
bony lead structure directly located at the pudendal trunk. 
the semilunar acetabulum was positioned consistently on 
ischial spine level. thus, a horizontal line crossing the mid-
dle of the acetabulum (a) is drawn on skin surface as the 
first step. a vertical line crosses the centre of the ischial 
tuberosity (t) caudally. the junction of these two lines pin-
points the ischial spine (S). a line running in parallel to the 
acetabulum line (a) is drawn touching the bottom of the 
ischial tuberosity. this line hits the anal rim (r) on the skin 
side. Marking and connecting points (t), (r) and (S) by 
straight lines on skin surface will result into a right-angled 
triangle. the centre of this Star triangle, i.e. the junction 
of the 3 bisecting lines serves as the starting point for punc-
ture. the target area for the tip of the puncture needle is 
the apical corner of the triangle, i.e. the trunk of the Pn 
(Fig. 1).

We affirmed our new approach using six dissected pelvic 
preparations and three nonprepared full cadavers and com-
pared the results with the previously described implantation 
techniques. Under fluoroscopical control, we placed tined 
leads following the described techniques on the cadavers 
and documented the topographic relationship of the poles 
to the Pn by dissection.

Pilot study

the study protocol was approved by the ethics commit-
tee of the ruhr-University of Bochum on March 2011 
(registration number: 3919-11) prior to the study. Written 
informed consent was obtained from all participants.

In a prospective clinical proof-of-concept trial, we 
implanted tined leads at the Pn in 20 patients presenting 
with chronic pelvic pain syndromes (cPPS). Patients suf-
fering from bladder pain syndrome were diagnosed follow-
ing eSSIc criteria [7]. Patients fulfilling at least three out 
of the five essential nantes criteria were diagnosed with 
pudendal neuralgia [8]. Disease-specific pain intensity was 
detected using a visual analogue scale in millimetre. the 
various operations were performed by a single surgeon, 
who was trained in SnM to minimize further operation 
time after lead placement at the Pn such as lead tunnelling, 
preparing one or two supragluteal pockets, etc.

Using Star approach, patients were placed in prone 
position with an elevation of the buttock of about 40°. 
guided by Star triangle implantation was performed 
under monitoring of pudendal nerve terminal motor latency 
(PntMl) to verify contact to the Pn. the other opera-
tions were technically performed as described in the quoted 
papers. number of trials to successfully reach the nerve, 
time to place an electrode at the nerve and total operation 
time were documented. Proximity and number of poles 
to the Pn were defined by the characteristic neurophysi-
ological pudendal signal with a PntMl <2.5 ms in com-
bination with an anal wink using a stimulation amperage of 

Fig. 1  Fixed anatomical landmarks result into a triangle on skin sur-
face, the initials of the different landmarks add up to the Star acro-
nym (S ischial spine, T ischial tuberosity, A acetabulum, R anal rim). 
the junction of the bisection lines serves as the starting point for nee-
dle puncture (yellow circle), the apical tip of the triangle pinpoints 
the spina, i.e. the anatomical area of the trunk of the Pn (red circle)
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<5.0 ma. If technically feasible, puncture attempts aimed 
for bilateral identification of the Pn and for bilateral elec-
trode implantation. If PntMl signals were poor or indis-
tinctive or time for surgery accumulated excessively, thus 
impeding bilateral implantation, the patient’s side with the 
best neurophysiological and motoric signal was chosen for 
unilateral lead implantation.

after a test period of 4 weeks, changes in pain intensity 
were documented and the clinical outcomes of unilateral 
PnM and bilateral PnM were compared.

Results

Implantation technique

Pelvic dissection of the full cadavers revealed a direct 
contact of the electrodes placed in Star technique along-
side the trunk of the Pn. the poles were located under the 
ischial spine in backing of the sacrospinal ligament and the 
tined lead checks rested in the ischiorectal fat tissue. three 
poles of the quadripolar lead were in direct contact with the 
Pn (Fig. 2). the skin exit of the electrode was gluteal with 
a puncture angle of about 50°–60° (table 1).

Pilot study

PnM was performed in 20 patients with cPPS: six patients 
received implants in Spinelli technique, two patients in 
Bock technique, two patients in Peters technique and ten 
patients in Star technique. Decision for single left- or 
right-side implantation was based upon best intraoperative 
PnMtl (<2.5 ms) and best motoric response in terms of 
contraction of the external anal sphincter only if bilateral 
implantation revealed not feasible.

each technique achieved a good pudendal signal with a 
PntMl <2.5 ms and an anal wink using a low stimulation 
amperage of <5.0 ma. the mean number of poles close 
to the nerve was two for Spinelli and Bock and three for 
Peters and Star (table 1).

Only Star and Bock techniques resulted in bilateral 
electrode placement in all 12 patients. Figure 3 shows 
an X-ray of a bilateral lead implantation at the pudendal 
nerve. the mean operation time for bilateral implantation 
using Star technique was 85 min compared with a mean 
of 105 min for a unilateral PnM using the three alterna-
tive techniques in ten patients. Mean time to place a lead at 
either nerve was 25 min using Star technique, and mean 
number of puncture attempts for a successful localization 
of the nerve was 3.5. In contrast, mean time to place a lead 
at either the right or left nerve was 60 min for the 3 alterna-
tive techniques, and the mean number of puncture attempts 
required to place at least one electrode was 15 (table 1).

Mean pain intensity was 85 mm at baseline. after 
4 weeks of bilateral PnM performed in Bock and Star 
technique, mean pain intensity decreased statistically 
significant from 85 to 40 mm (p = 0.018) with an IPg 
(implanted pulse generator) implantation rate of 90 %. In 
contrast, after 4 weeks of unilateral PnM performed in Spi-
nelli and Peters technique, pain intensity decreased from 85 
to 60 mm (p = 0.15).

Discussion

neuromodulation for functional diseases of the lower uri-
nary tract has become an effective and well-accepted thera-
peutic concept. In case SnM has failed, PnM has become 
an additional option [9]. One basic concept of peripheral 
PnM is to expand afferent backfiring and thus to stimulate 
nerval contributions from all Pn roots S2–S4 [10].

although the first pudendal puncture technique was 
already described in 1989 [3], PnM has currently been 
established only in a few specialized institutions around 
the world. One reason for the hesitant application of PnM 
might be that a standardized way for tined lead place-
ment at the Pn still does not exist and that localization 
of the nerve is very challenging without an intraoperative 

Fig. 2  Meticulous dissection of full-body cadavers after implantation 
of quadripolar electrodes following Star technique revealed 3–4 
electrode poles (1) alongside the trunk of the pudendal nerve (2) and 
all tines anchored within the ischiorectal fatty tissue. note the even 
more parallel course of the electrode placed in Peters technique (3)
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markable bony lead structure as taught for SnM. During 
our efforts to overcome the above-mentioned technical and 
clinical challenges, three important factors for achieving a 
successful tined lead placement at the Pn crystallized: 

1. fast, accurate and reproducible locating of the Pn,
2. long-distance, i.e. high number contact of electrode 

poles to the Pn
3. tension- and compression-free electrode exit at skin 

surface.

Precondition for a safe and effective PnM is the cor-
rect placement of the tined lead at the trunk of the Pn. the 
ischial spine is the bony lead structure to the Pn trunk. 
Under fluoroscopical control, the imaging of the spina 
ischiadica in a patient in prone position is challenging and 
depends on patient’s individual anatomy, quality of the 
X-ray unit and surgeon’s experience. therefore, fixed and 
fluoroscopically traceable anatomical structures leading to 
the spine and thus to the trunk of the Pn are desirable for 
successful lead placement.

Table 1  results of the various implantation techniques for PnM

Implantation technique

Peters Spinelli Bock Star

characteristics

 anatomical landmarks Ischial tuberosity only trochanter major + ischial 
tuberosity

trochanter major + ischial 
tuberosity + index finger 
inside the rectum

4 Fixed anatomical land-
marks

 Fluoroscopical  
monitoring

+ + − +

 recording of 
PntMl/cMaP signal 
to proof contact to the 
nerve

+ + − +

results of cadaveric Study

 Puncture direction in 
relation to the nerve 
route

tangential aiming at 
ischial spine

Orthogonal aiming at 
ischial spine

Orthogonal aiming at finger 
index on rectal branches

Ortho-tangential aiming at 
ischial spine

 lead exit on skin side 
surface

Infragluteal/perineal Supragluteal Supragluteal Midgluteal

 Max. number of poles 
alongside nerve

4 electrodes at trunk of 
nerve

2–3 electrodes at trunk of 
nerve

3 electrodes at rectal 
branches

3–4 electrodes at trunk of 
nerve

results of pilot study

 Patient number operated 
using the different 
approaches

2 6 2 10

 Mean number of punc-
ture attempts for Pn 
localization

15 22 8 3.5

 Mean time to place a 
single electrode at 
either nerve

51 min 98 min 31 min 25 min

 Operation time 90 min for unilateral 
implant

130 min for unilateral 
implant

95 min for bilateral  
implants

85 min for bilateral 
implants

 PntMl (ms) <2.5 <2.5 <2.5 <2.5

 Stimulation amperage 
to get pudendal signal/
anal wink (ma)

<5.0 <5.0 <5.0 <5.0

 Mean number of poles at 
the pudendal nerve

3 2 2 3

 Mean pain intensity on 
VaS after 4 weeks 
of PnM (baseline: 
85 mm)

60 mm (p = 0.15) 60 mm (p = 0.15) 40 mm (p = 0.018) 40 mm (p = 0.018)
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the technique by Peters uses the tuber ischiadicum as the 
only landmark to find the ischial spine. the puncture starts 
2 cm medial of the tuber in a free direction towards the radio-
logically suggested spine. We experienced that many attempts 
were necessary to find the nerve because of the variance with 
potential deviation of the puncture needle in all three body 
planes leading to an increase in radiation and operation time.

the techniques by Spinelli and Bock describe the tro-
chanter major as the additional bony lead structures besides 
the tuber leading to the ischial spine. In our experience, the 
trochanter major is too variable for guiding to the ischial 
spine because its position is inconsistent and varies depend-
ing on intraoperative bedding of the patient.

Bock uses the above two identical landmarks. addition-
ally, he puts the index finger into the patient’s rectum at the 
site of the suggested Pn to determine best needle position 
by maximum sphincter contraction during stimulation. In 
our experience, this technique shows a high level of repro-
ducibility but it also has two important limitations:

1. In patients with high volume buttocks, the index finger 
is typically too short to reach the trunk of nerve and 
might thus be placed at the peripheral rectal branches 
instead.

2. Placing a finger in the patient’s rectum during sur-
gery might compromise sterility of operation site and 
implant components with increased risk of wound 
infection.

as a result of the perineal implantation approach that 
allows the electrode to run in parallel to the Pn, the tech-
nique by Peters typically places the maximum of four poles 
at the nerve. a high number of electrode poles alongside 
the nerve will allow for alternating (re-)programming using 
different pole combinations and will increase the neu-
romodulative flexibility. Figure 2 shows the direct com-
parison of the tined leads placed in Peters and Star tech-
niques at the Pn in the cadaver and after dissection.

On the other hand, the lead exit in Peters technique is 
infragluteal next to the tuber ischiadicum with the full body 
weight on the electrode while the patient is sitting. How-
ever, although no clinical study has assessed the correla-
tion between lead exit and risk for lead migration, in our 
opinion and our experience a chronic pressure load on the 
electrode could lead to an increased risk of intrapelvic lead 
migration and should be avoided.

creating the Star approach, we tried to attenuate the 
above limitations. therefore, we defined fixed anatomi-
cal landmarks that are consistently traceable by fluor-
oscopy leading to the nerve. eventually, this technique 
becomes independent of patient’s anatomy and intraopera-
tive bedding. choosing a gluteal approach to the pelvis, we 
achieved the combination of a high number of at least three 
poles alongside the nerve and a reduction in cutaneous 
pressure load on the lead. However, although not observed 
in the first implant series, the midgluteal approach might 
increase risk of bleeding during lead placement and might 
exert impact on the lead while ambulating compared with 
an infragluteal or supragluteal approach. It remains to be 
seen whether this technical aspect will be a drawback in 
clinical follow-up.

neuromodulative flexibility will not only be increased by 
a high number of electrode poles alongside the Pn but by 
bilateral implantation as well. However, the role and value 
of two electrodes instead of a single unilateral implantation 
are still under debate for SnM [11]. regarding PnM for 
cPPS/pudendal neuralgia, such discussion appears reason-
able as well. recently, unilateral PnM has been described 
as a promising treatment approach for patients suffering 
from cPPS/pudendal neuralgia [5, 12] but no study exists 
presenting the outcomes of bilateral PnM so far. However, 
experimental and clinical evidence from SnM trials indi-
cates that some individuals only benefit from bilateral stim-
ulation [13, 14]. the outcomes of our pilot series support 
the impression that a bilateral PnM seems to be superior in 
pain decrease compared with a unilateral PnM in patients 
with cPPS/pudendal neuralgia (table 1).

Furthermore, as a result of the increased surgical stand-
ardization with diminished technical challenges, Star 
approach decreased time spent in the operating room. espe-
cially, the mean number of puncture attempts (3.5) to reach 
the Pn in our first ten patients operated in Star technique 

Fig. 3  X-ray of implantation result of quadripolar tined leads at the 
pudendal nerve on both sides. the sphincter eMg needle projects 
between the leads for deduction of the specific pudendal signal and 
the PntMl
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demonstrates the steep learning curve using this technique 
compared to the others. However, we have to recognize that 
our small patient number in this pilot series is a limitation 
of this study and that the rapid placement using the Star 
approach may be due to the experience we have gained 
developing this method in the cadaver and may be due to 
the effect of training operating more patients with our own 
technique than with the others by a single surgeon.

a further limitation of this study is the lack of compari-
son in radiation time needed for successful lead implanta-
tion. Future comparative studies should include this data as 
a surrogate outcome parameter to indicate the differences in 
feasibility of the various implantation techniques. assess-
ment of radiation time further allows to identify the tech-
nique with the lowest radiation exposition for the patient, 
a consideration that generally favours the Bock approach, 
because no fluoroscopical control is needed.

Basically, each puncture technique has its own pros and 
cons, and the successful application of a new technique is 
often a matter and result of practice and experience. With 
the new Star approach, we tried to achieve technical 
standardization in puncture and lead placement at the Pn to 
make PnM more feasible.

Conclusion

the Star approach appears to achieve standardization 
and reproducibility in lead placement at the Pn potentially 
resulting into an increased feasibility of PnM for the treat-
ment of functional disorders of the lower urinary tract.
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