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Abstract

Background Somatosensory evoked potentials (SEPs) of
the pudendal nerve are a well-established diagnostic tool
for the evaluation of pelvic floor disorders. However, the
possible influence of sex differences on response latencies
has not been established yet. The aim of this study was to
standardize the procedures and to evaluate possible effects
of gender differences on anal and penile/clitoral SEPs.
Methods The anal and dorsal penile/clitoral SEPs were
recorded in 84 healthy subjects (40 males and 44 females;
mean age 47.9 *+ 16.6 years, range 16-81 years; mean
height 168.3 £ 20.3 cm, range 155-187 cm). Pudendal
SEPs were evoked with a bipolar surface electrode stimu-
lating the clitoris or the base of the penis and the anal
orifice and recorded using scalp electrodes. The latency of
the first positive component (P1) was measured. The effect
and possible interaction of (a) stimulation site and
(b) gender on the two variables was explored by multi-
variate analysis of variance (MANOVA).
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Results The examination was well tolerated and a
reproducible waveform of sufficient quality was obtained
in all the subjects examined. In the female subjects, a mean
cortical P1 latency of 37.0 £ 2.6 and 36.4 & 3.2 ms for
anal and clitoral stimulation, respectively, was found.
In the male subjects, the cortical latencies were 38.0 £ 3.5
ms for the anal stimulation and 40.2 + 3.7 ms for the
penile stimulation. At MANOVA, a statistically significant
main effect of stimulation site and gender as well as a
significant interaction between the two variables was
found.

Conclusions Anal and dorsal penile/clitoral SEPs repre-
sent a well-tolerated and reproducible method to assess the
functional integrity of the sensory pathways in male and
female subjects. Obtaining sex-specific reference data, by
individual electrophysiological testing, is highly recom-
mended because of significant latency differences between
males and females, at least as far as penile/clitoral
responses are concerned.
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Introduction

Somatosensory evoked potentials (SEPs) recording is a
powerful investigative technique, which is much used in
neurological practice to investigate conduction in neural
pathways extending from the peripheral site of stimulation
to the parietal sensory cortex. Moreover, SEPs are part of
neurophysiological assessment of the anorectal and peri-
neal region [1-3] that is useful in patients with suspected
neurogenic lesions. The pudendal SEPs technique, firstly
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described by Haldeman in 1983 [4], depends on the
recording by a disk electrode affixed to the scalp of a
typical “W-shaped” waveform, as a response which
appears with a given latency depending on site stimulation.
Although several studies have shown that SEPs can
effectively be recorded after dorsal penile and clitoral
stimulation [2, 4-11], only few investigations have been
published concerning anal somatosensory evoked respon-
ses in normal subjects [12-14]. In particular, to our
knowledge, no previous studies were conducted to deter-
mine sex differences, if any, in the latencies of the
pudendal SEPs. Also, standardization of the technique,
methodology, and possible influence of age and anatomical
variables have not been described yet.

The aims of this study were to standardize the proce-
dures and to evaluate effect of sex, age, and height on
pudendal SEPs.

Materials and methods
Subjects

Eighty-four normal healthy subjects (44 females, mean age
47.61 £ 15.13 years, range 16-76 years; and 40 males,
mean age 48.23 £ 18.35 years, range 12-81 years), with
no known systemic disease and with no history of prior
pelvic surgery or evidence of neurological, gastroentero-
logical, and urological disorders at physical examination,
were enrolled in the study after they had provided written
informed consent. The study was approved by the local
Ethics Committee.

Protocol

For the examination, the subjects were reclined comfort-
ably in the right lateral position with their hips and knees
flexed and the left thigh grounded electrically, the mouth
maintained slightly opened. The electrophysiological
studies were performed using conventional electromyo-
graphic-evoked potential (EMG-EP) equipment (Keypoint;
Medtronic Functional Diagnostics, Skovlunde, Denmark)
and a series of three anal and penile or clitoral SEPs were
recorded for each subject, in order to show the reproduc-
ibility of the findings. Anal stimulation was performed by
means of a bipolar surface electrode (Medtronic Neurodi-
agnostics, hand-held stimulating electrode with intensity
control, 9031E0152) positioned at the anal orifice. Elec-
trical stimulation of the dorsal nerve of the penis or clitoris
was obtained by means of the same bipolar surface elec-
trode, positioned at the base of the penis or cranial to the
clitoris, the cathode being placed proximally. The intensity
of the electrical stimulation was set at an average of 3—4

@ Springer

times the threshold level of intensity at which the subject
was first able to perceive the stimulus, usually ranging from
11.0 to 45.0 mA (mean 32.5 mA for penile/clitoral and
mean 28.6 mA for anal stimulation). In order to assess the
tolerability of the examination at the corresponding tech-
nical setting of the chosen stimulus parameters, i.e.,
intensity (mA), duration (ms), and frequency (Hz), each
subject was asked to describe whether or not a painful
sensation was experienced during the application of the
electrical stimulation.

The response was bipolarly recorded using surface
electrodes from the scalp, 2 cm behind Cz, referred to Fpz
(10-20 International System) [15], roughly overlying the
sensorimotor cortex for the genital and anal area. Before
electrode placement, the skin was gently scraped and pre-
pared to keep the impedance at less than 5.0 kOhms. A
filter setting from 5 to 3,000 Hz was used.

Response analysis

After computer-assisted averaging of 250 responses, single
SEPs in the screen were analyzed by two independent
experienced investigators for the identification of a
sequence of four consecutive peaks that are called P1, N1,
P2, and N2, respectively, using conventional nomenclature
(Fig. 1). The positive peaks were labeled as P1 and P2, and
negative peaks were labeled as N1 and N2. Due to its
recognized smallest standard deviation [12], the latency of
P1, ie., the first positive deflection of the W-shaped
averaged cortical waveform, was assumed as the most
representative parameter, and its value was used for sta-
tistical analysis.

Statistical analysis

Differences in average P1 latencies between the two groups
linked to gender and the influence of anthropometric fac-
tors were assessed with multivariate analysis of variance
(MANOVA), using the SPSS software for Mac OS X
(version 16.0, SPSS, Inc., Chicago, IL, USA). The signif-
icance level adopted was p < 0.05. The diagnostic quality
of recordings was ranked by the two examiners as being
(a) insufficient for proper reading, (b) sufficient (containing
only limited number of artifacts), and (c) optimal (no
artifact at all). The reproducibility of the examinations was
also evaluated calculating the frequency with which the
three series of recordings were judged to be not signifi-
cantly different one another. Finally, at the end of the
examination, patients were asked to express on a 0-3 point
scale the discomfort, if any, experienced during stimulation
of anal, penile, or clitoral sites as follows: 0 = no dis-
comfort, 1 = minimal, 2 = mild, and 3 = severe.
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Fig. 1 Superimposed
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Table 1 PI latencies (ms) of anal and penile/clitoral SEPs

Sex Mean Standard deviation N
Anal P1 Female 37.0 2.6 44
Male 38.0 3.5 40
Penile/clitoral P1 Female 36.4 3.2 44
Male 40.2 3.7 40

Results

Measurements of anal, penile, and clitoral SEPs of suffi-
cient quality were obtained in all the investigated subjects.
Figure 1 shows an example of two superimposed anal and
penile/clitoral SEPs responses in a male and a female
subject. After stimulation of these two different sites, the
morphological characteristics of the pudendal nerve
response looked quite similar.

Average values of the P1 latencies recorded from penile/
clitoral and anal SEPs are reported in Table 1.

At MANOVA, a significant interaction between the
stimulation site and the sex of participants, F = 10.2,
p < 0.01, was demonstrated, showing that P1 latencies of
pudendal SEPs following penile/clitoral and anal stimula-
tion site were different for males and females. In particular,
males exhibited P1 latencies after penile stimulation sig-
nificantly longer than females, F = 19.9, p < 0.001,
demonstrating that gender is also an important factor. No
interaction resulted between P1 latencies and the factors
age and height. No interaction resulted between the P1

latency of the somatosensory evoked potentials obtained
after anal stimulation and factors such as age, height, and
sex. The results are explained in Table 2.

At penile/clitoral stimulation, 22 patients referred no
discomfort, 24 patients minimal, 30 patients mild, and 8
patients severe discomfort (mean value 1.2). At anal
stimulation, 25 patients referred no discomfort, 29 patients
minimal, 24 patients mild, and 6 patients severe discomfort
(mean value 1.1).

Discussion

SEPs are routinely used in neurology to assess the trans-
mission of the afferent volley of the somatosensory path-
ways from the periphery up to the cortex. The typical
recording consists of a series of waves that reflect
sequential activation of neural structures along the
somatosensory pathways. Together with the pudendoanal
reflex, the bulbocavernosus (BC) reflex, the pudendal nerve
terminal motor latency (PNTML), and the EMG of the
external anal sphincter (EAS), SEPs can be used in per-
ineology to confirm and localize sensory abnormalities
affecting anal or genitourinary neural pathways [3, 16, 17].
Some authors [1, 7] have already discussed the limitations
of the pudendal SEPs, showing that sometimes in patho-
logical conditions penile/clitoral SEPs are normal. How-
ever, the same authors have stressed the importance of
differentiating within pudendal SEPs the penile from the
clitoral stimulation, in order to increase the sensitivity of
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Table 2 MANOVA—tests of between-subjects effects—significance level p < 0.05

Source Dependent variable Type III sum of squares df Mean square F Sig.
Corrected model Anal P1 25.542 (a) 3 8.514 861 465
Penile/clitoral P1 315.070 (b) 3 105.023 8.682 .000
Intercept Anal P1 1,276.832 1 1,276.832 129.186 .000
Penile/clitoral P1 1,418.118 1 1,418.118 117.230 .000
Age Anal P1 1.627 1 1.627 .165 .686
Penile/clitoral P1 17.323 1 17.323 1.432 235
Height Anal P1 507 1 .507 .051 .821
Penile/clitoral P1 1.649 1 1.649 136 713
Gender Anal P1 17.404 1 17.404 1.761 .188
Penile/clitoral P1 241.155 1 241.155 19.935 .000
Error Anal P1 790.697 80 9.884
Penile/clitoral P1 967.752 80 12.097
Total Anal P1 119,181.360 84
Penile/clitoral P1 124,363.740 84
Corrected total Anal P1 816.238 83
Penile/clitoral P1 1,282.821 83

In the rows (a) and (b) was represented respectively the model of analysis of main effects of the variable P1 corrected for the interaction effects of
gender, age and height. The method used was the Type III sum of squares

the test. Our experience has shown that the activity of
somatosensory afferents from the anal and penile/clitoral
region can routinely be assessed and consistently recorded
in healthy subjects with no or only minor discomfort.
Moreover, when comparing pudendal SEPs in male and
female subjects, a unique feature of the present study, not
previously mentioned in the literature, was the significant
difference which has been found between penile and clit-
oral SEPs. More particularly, in healthy males, in agree-
ment with similar results reported by Kaiser in a single
previous study [18], longer latencies of the P1 component
after penile stimulation were observed with respect to the
same parameter after anal stimulation (40.2 vs. 38.0),
probably due to the longer anatomical distance covered by
the depolarizing wave through the nerve pathways between
the site of stimulation and that of recording. Conversely, in
the female subjects, contrary to what could have been
expected, not more than a slightly greater mean latency of
P1 from anal SEPs was observed with respect to that from
clitoral SEPs (37.0 vs. 36.4). However, Loening-Baucke
et al. [2], in a study on anal and dorso-genital nerve SEPs in
a group of healthy subjects of undefined sex, found shorter
latencies from penile/clitoral SEPs when compared to anal
SEPs. The authors accepted that this difference was diffi-
cult to explain as “the volley travels approximately an
equal distance from both stimulation sites and brain.”
While no reasonable explanation can be definitely put forth
at present, one possible hypothesis is that a shorter distance
between the stimulation site and the recording one should
exist. Alternatively, a different resistance to the
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depolarizing wave along the course of the two neural
pathways might be suggested, considering also the differ-
ences in sensory fiber diameter [19]. To add a note of
complexity to the issue, it should be noted that pudendal
SEPs after anal and penile/clitoral nerve stimulation cannot
be considered to produce equivalent results because sepa-
rate branches of the pudendal nerve innervate the pelvic
region [20]. Previous studies have already confirmed this
assumption, showing a functional dissociation between the
two branches in patients with lower urinary tract disease
[21-23]. Similarly, on assessing a patient with possible
neurogenic bowel dysfunction, penile/clitoral and anal
SEPs can reveal an analogous functional dissociation
between latencies. Overall, these somewhat contradictory
results highlight the importance of obtaining separate ref-
erence values in both sexes for anal and penile/clitoral
latencies when evaluating pelvic floor neurophysiology.
Unfortunately, with the exception of the paper of Blaivas
[24] on the bulbocavernosus reflex and that of Podnar [25]
on the penilocavernosus reflex, the issue of normative data
related to sex differences has received little attention in the
literature until now. To our knowledge, the present paper is
the first to compare penile/clitoral and anal pudendal SEPs
in healthy male and female subjects. A limitation of our
study is the sample size that is not sufficient to establish
normative data and further studies are needed to define
normal values of pudendal SEPs in males and females. The
examination should be considered part of a global neuro-
physiological assessment [26] that includes also bulbo-
cavernosus reflex activity [24], EMG examination of the
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EAS [27, 28], and motor evoked potentials from the EAS
by cortical and lumbosacral magnetic stimulation [29-31].
All these different electrodiagnostic techniques should be
considered in patients with suspected neurogenic etiology
of their bladder, bowel, and sexual dysfunction [3, 16, 17].
The standardization of the method we propose may provide
the basis for future electrodiagnostic studies in pathological
states, including double (urinary and fecal) incontinence,
pelvic prolapse, obstructed defecation, and chronic pelvic
pain syndromes due to pudendal nerve neuropathy.

Conclusions

Penile/clitoral SEPs and anal SEPs can easily and consis-
tently be obtained and recorded by a skilled clinical
neurophysiologist interested in the use of such techniques
in the pelvic floor region. Obtaining sex-specific reference
data, differentiated for stimulation site, is mandatory for
each electrophysiological laboratory, as described in the
present study, to allow proper application in clinical
practice.
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