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Introduction

The projection of vagina, uterine cervix, and nipple to the sensory cortex in humans has not been
reported.

Aims

To map the sensory cortical fields of the clitoris, vagina, cervix and nipple, toward an elucidation of the
neural systems underlying sexual response.

Methods

Using functional Magnetic Resonance Imaging (fMRI) we mapped sensory cortical responses to
clitoral, vaginal, cervical, and nipple self-stimulation. For points of reference on the homunculus, we
also mapped responses to the thumb and great toe (hallux) stimulation.

Main Outcome Measures

fMRI of brain regions activated by the various sensory stimuli.

Results

Clitoral, vaginal, and cervical self-stimulation activate differentiable sensory cortical regions, all
clustered in the medial cortex (medial paracentral lobule). Nipple self-stimulation activated the genital
sensory cortex (as well as the thoracic) region of the homuncular map.
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Conclusion

The genital sensory cortex, identified in the classical Penfield homunculus based on electrical
stimulation of the brain only in men, was confirmed for the first time in the literature by the present
study in women, applying clitoral, vaginal, and cervical self-stimulation, and observing their regional
brain responses using fMRI. Vaginal, clitoral, and cervical regions of activation were differentiable,
consistent with innervation by different afferent nerves and different behavioral correlates. Activation
of the genital sensory cortex by nipple self-stimulation was unexpected, but suggests a neurological
basis for women’s reports of its erotogenic quality.
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The original map of the representation of the genitals in the sensory cortex in humans was generated by
applying roving electrical stimulation to the brain in awake men, and asking the men from which part
of their body the stimulation seemed to emanate. The men reported penile sensation when the
interhemispheric region, i.e., the medial cortex (medial region of the paracentral lobule, Figure 1) was
stimulated; they reported foot sensation when the electrical stimulation was applied immediately
superior to the penile representation [1-3]. While Penfield and Rasmussen [3] did not report the effect
of brain stimulation on genital sensation in women, they did report that their patient with spontaneous
sensory seizures likely stimulated by a small glioma in the postcentral gyrus near the falx (i.e., the
interhemispheric component of the dura mater) had labial, breast, and foot sensations during her

selzures.

Figure 1
Three views of the paracentral lobule, showing its relation to
adjacent cortical regions (adapted from [32]). The relation of the

paracentral lobule to the sensory cortical homunculus of Penfield
and Rasmussen [3] is shown by the lines connecting the ...

Subsequent studies used electrical stimulation of the dorsal nerve of the penis to measure the
distribution of evoked potentials in the cortex. Those studies confirmed the earlier homuncular map, for
each reported that the evoked potentials were focused in the medial cortex, (in the medial region of the
paracentral lobule), 1.e., in the genital region as represented in the Penfield map [4—6]. Similar findings
were reported by Allison et al [7] in response to electrical stimulation of the clitoris as well as the
penis.

However, more recent studies using PET or fMRI, and another using penile evoked potentials, reported
that a more dorsolateral portion of the paracentral lobule, rather than its medial region, was activated
when direct penile stimulation was applied by the experimenter (using a toothbrush and recording
fMRI [8]), when penile stimulation was applied by the subject’s partner (using manual stimulation and
recording PET [9]), or in response to electrical stimulation of the penis [10]. While the basis for this
discrepancy in the penile map is still not reconciled, it is possible that sensory activation of the more
dorsolateral region of the paracentral lobule may result from inadvertent and incidental stimulation of
the groin, on the basis that Penfield’s [3] map and even Kell’s [8] “revised” map both show the
transition zone between upper thigh and trunk (i.e., “groin”) to be located on the dorsolateral region of
the paracentral lobule.

A parallel discrepancy in the genital map of women has now become evident. Two recent studies, using
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fMRI with electrical stimulation of the clitoris [11] or using PET and mechanical stimulation of the
clitoris by the subject’s partner [12], reported that clitoral stimulation activated the dorsolateral, rather
than the medial, region of the paracentral lobule. . In those studies, the clitoral stimulation was applied
by the experimenter or the subject’s partner.

As seen in the present findings, using fMRI, in which the women applied clitoral, vaginal or uterine
cervical self-stimulation, there is clear evidence of activation of the medial region of the paracentral
lobule, in the sensory genital region of the homuncular map of Penfield and Rasmussen [3]. In
addition, there is an occasional secondary activation in the dorsolateral paracentral lobule, indicative of
groin stimulation.

Rationale for the present research

The map of the genital sensory cortical representation is based almost exclusively on responses to
penile and clitoral stimulation, both of whose afferent innervation is provided by the pudendal nerve.
However, additional nerves convey sensation from the vagina and cervix, i.e., the pelvic, hypogastric
and vagus nerves [13; for review: 14]. To our knowledge, the projection of vagina and uterine cervix to
the sensory cortex in humans has not been reported previously. To address this gap, in the present study
using fMRI, we mapped the regions of the sensory cortex that are activated by clitoral, vaginal, and
cervical self-stimulation. For points of reference on the homunculus, we also mapped responses to the
thumb and great toe (hallux) stimulation and nipple self-stimulation. Portions of these findings have
been reported in abstract form [15].
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Research Participants

Eleven healthy right-handed women, ages 23—-56, recruited by word of mouth, were prescreened with
the SCL-90 questionnaire to rule out any psychological contraindications to study participation. Each
participant tested negative for pregnancy prior to scanning. All participants gave informed consent as
required by the research protocol approved by the New Jersey Medical School — University of
Medicine and Dentistry of New Jersey IRB. Participants were compensated $100 for participating in
the study; the duration of each scan session was 1-2 hours.

Experimental Paradigm

A “boxcar” experimental design was employed with each 5-minute trial consisting of 30 sec of rest,
then 30 sec of stimulation, repeated 5 times in succession. Control trials consisted of an experimenter
rhythmically tapping a participant's thumb or toe in separate trials to establish reference points on the
sensory cortex. Experimental mapping trials consisted of participants self-stimulating, by hand or
personal device, using “comfortable” intensity, the clitoris, anterior wall of the vagina, the cervix, or
the nipple, in separate, randomized-sequence trials. Clitoral self-stimulation was applied using
rhythmical tapping with the right hand. Vaginal self-stimulation (of the anterior wall) was applied using
the participant's own stimulator (typically a 15mm-diameter S-shaped acrylic rounded-top cylinder).
Cervical self-stimulation was applied using a similar-diameter, glass or acrylic straight rounded-tip
cylinder brought to the study by each participant. Nipple self-stimulation was applied using the right
hand to tap the left nipple rhythmically. All trials started with a 30-sec rest period. The participants
were instructed by an experimenter via headphones as to when to start and stop self-stimulation. The
participants were in continuous audio contact with the experimenters for the duration of the
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fMRI Acquisition

Data were collected using a 3T Siemens Allegra (head only) system using gradient-echo echo-planar
sequence (EPIBOLD) with the following acquisition parameters: 2000/40 (TR/TE); 64X64 matrix, 22
cm field of view, 5-mm thick contiguous sections, and 90 degree flip angle. For each 5-min sensory
paradigm, 150 image sets of 32 slices per TR were obtained using a standard quadrature “bird cage”
head coil. The participant's head was stabilized with an individually-fitted thermoplastic frame that was
affixed to the head coil to limit motion. Images were reconstructed from Siemens proprietary software
(Advanced Neuropackage) and transferred to a remote workstation for processing and analysis.

Anatomical images

T1 weighted (TR/TE =450/14, FOV=24 cm, Matrix=256x256, Slice thickness = 5 mm skip 0, 32
slices) high-resolution anatomical images were acquired in the transaxial plane in identical slice
locations during each imaging session. This data set was used for image underlay with functional data
to identify the anatomical landmarks.

Data analysis

Statistical parametric mapping (SPM-8) was utilized. In SPM-8, the blood-oxygenation-level-
dependent (BOLD) signal intensity of each voxel during the stimulus conditions was compared
statistically with its activity during the prestimulus condition (baseline condition). The images from
each trial were pre-processed for realignment, normalized to MNI space, motion-corrected, and
smoothed using an 8x8x10 kernel. The high pass filter was set to a default value of 128 sec to remove
the slow signal drifts.

In order to obtain the overall presentation for each paradigm, group maps were generated with second
level analysis using a random effects model. A canonical hemodynamic function was selected for the
basis function to estimate the hemodynamics. To calculate the model parameters, the Restricted
Maximum Likelihood (ReML) algorithm was used. In addition, an autoregressive model (AR) to
correlate the time series was used with ReML to account for the aliased biorhythms and unmodeled
neuronal activity.

MRIcro [32] was used for visualization of group maps on a standardized anatomical template. The
numbers in the calibration bars in Figures 2 and 3¢ are the range of Z scores that correspond to the “hot
metal” representation of the fMRI activity levels in the adjacent brain images. Thus, the closer the
color of the brain activity is to “white hot”, the more highly significant is that activity. Z scores: 1.96 =
p<0.05; 2.3 =p<0.01.

Figure 2

Three-axis (columns: coronal, sagittal and transaxial) views of the
group-based responses to experimenter-applied (finger and toe) or
participant self-applied (clitoris, vagina, or cervix) stimulation in
relation to the homuncular map (adapted) generated ...

Figure 3
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a: Group-based composite view of the clitoral, vaginal and cervical
all in the medial paracentral lobule, but regionally differentiated. W
due to the differential sensory innervation of these genital structure
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Figure 2 shows the group maps of cortical responses to self-stimulation of clitoris, vagina, or cervix, or
investigator-applied stimulation of left thumb or left hallux. The columns, (left to right: coronal,
sagittal and transaxial views) show the maps of group data based upon Ns between 9 and 11. In these
views, the convention is that the subjects’ right side is on the left side of the image, as if their feet are
closer to the observer than their head. For reference, in Figure 1, the homuncular map of Penfield and
Rasmussen [3] is shown with lines indicating the relation between the boundaries of the postcentral
gyrus laterally and the paracentral lobule medially on the schematic map and the brain anatomical
template. As labeled in Figure 1, the paracentral lobule is the medial continuation of the more lateral
postcentral (sensory) gyrus. In the Penfield and Rasmussen [3] homunculus, the face, hands and arms
are represented in the postcentral gyrus, whereas the groin, legs, feet and genitals are located in the
paracentral lobule. In Figure 2, the arrows indicate sensory cortical brain regions activated by the
specific stimuli. Note that the response to stimulation of the thumb, in the postcentral gyrus,
corresponded closely to the homuncular map. The group response to stimulation of the toe (weaker
than that to the thumb) was in the medial region of the paracentral lobule, corresponding precisely to
the homuncular map.

The group responses to clitoral, vaginal, and cervical self-stimulation were all located in the medial
paracentral lobule, with the precise localizations being distinct from each other. Note that the groin
region of the paracentral lobule (i.e., its dorsolateral region) was also activated in all but the thumb
stimulation conditions. Note also the region of activation of the ventrolateral (sensory) thalamus by the
clitoral self-stimulation condition. We have intentionally avoided “modeling out” the participants’ hand
movement involved in the self-stimulation. Note the absence of hand movement in the case of
experimenter-applied thumb stimulation. Two unexpected observations were that a) although the
participants were all using just their right hand to apply the self-stimulation, both the contralateral and
ipsilateral hand areas were activated, a highly reliable effect, and b) in the case of investigator-applied
toe stimulation, the participants’ hand areas were also activated. These findings are addressed in the
Discussion.

An unexpected finding was that nipple self-stimulation, which we had selected as a reference point on
the homunculus, also activated the medial paracentral lobule, in the region activated by genital self-

stimulation (Figure 3b and c).

A composite coronal view of the clitoral, vaginal and cervical activation sites is shown in Figure 3a.
The sites are all in the medial paracentral lobule, but regionally differentiated. This clustered, but
differential, localization pattern is likely due to the differential sensory innervation of these genital
structures, i.e., clitoris: pudendal nerve, vagina: pelvic nerve, and cervix: pelvic, hypogastric and vagus
nerves (for review: [14]). It 1s likely that the overlap between the sites activated by vaginal and cervical
self-stimulation (using a passive dildo) is due at least in part to the stretching stimulation of the vagina
that inevitably accompanied the cervical self-stimulation.
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The sagittal views in Figure 2 show that in each of the self-stimulation conditions, activation was
evident also in the supplementary motor area, which is immediately rostral (anterior) to the paracentral

lobule.

Figure 3b and ¢ presents evidence that nipple self-stimulation activated not only, as expected, the

thoracic (rib) region (as situated between the abdomen and the neck on the Penfield & Rasmussen
homuncular map), but also, unexpectedly, the genital sensory cortex, i.e., the genital (medial) region of
the paracentral lobule. Shown (Figure 3b) are superimposed responses to nipple and genital self-
stimulation in three participants. Left panel: Note the overlap between activation produced by
stimulation of nipple and cervix. Center panel: overlap between activation produced by stimulation of
nipple, cervix and clitoris. Not unexpectedly, cervical self-stimulation activated the groin region of the
dorsolateral paracentral lobule, probably as a consequence of unavoidable mechanical stimulation of
the groin in the course of self-stimulating the cervix. Right panel: overlap among activation produced
by stimulation of nipple, vagina, cervix and clitoris. Two unexpected observations were that nipple
self-stimulation also activated the groin sensory region (dorsolateral paracentral lobule; Left panel)
and, conversely, vaginal self-stimulation activated the thoracic nipple region (Center panel). Figure 3¢
is a three-axis view of the response to nipple self-stimulation in the brain shown in the center panel of
Figure 3b.
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Clitoral, vaginal, and cervical self-stimulation differentially activated regions of the sensory cortex, but
all were clustered in the medial paracentral lobule.

Because the perineal (groin) region is also stimulated incidentally during the clitoral, vaginal, and
cervical self-stimulation, its corresponding sensory cortical region -- 1. e, the dorsal convexity of the
paracentral lobule, immediately lateral to the midline -- was also activated.

The present findings may help to resolve a discrepancy in the literature that claims that the location of
the genital sensory cortical representation is on the dorsolateral paracentral lobule, rather than the
medial paracentral lobule [8—12]. That is, based on the present findings, the discrepancy in the
literature may be due to responses to indirect stimulation of the perineal (groin) region rather than to
adequate stimulation of the genitals per se.

It is likely that the clitoris is indirectly stimulated by self-stimulation of the cervix or vagina. Under the
conditions of the present study, it is not possible to discern whether the overlap among regions of the
sensory cortex activated in response to self-stimulation of each of these three genital regions is due to
true overlap of the brain regions that would be activated by “pure” stimulation of each of these three
genital regions separately, or whether the overlap is due to incidental stimulation of one genital region
(e.g., vagina) during self-stimulation of a different genital region (e.g., cervix). What is clear, however,
is that to some extent, the sensory cortical regions activated by each of these three genital regions are to
some extent separable and distinct. Unexpectedly, nipple/breast self-stimulation activated not only the
(expected) thoracic sensory homuncular region, but also the region of the paracentral lobule that
overlaps with the region activated by clitoral, vaginal, or cervical self-stimulation. This finding is
consistent with many women's reports that nipple/breast stimulation is erotogenic and can elicit
orgasms ([16—18] and personal communication).

The present finding of convergence between nipple and genital input in the genital sensory cortex is
supported by an intriguing observation by Penfield and Rasmussen ([3], p.26): “One patient, Case E.D.,
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a woman of 27 years who had a small glioma in the right postcentral gyrus next to the falx [i.e., the
dura mater in the midline, separating the two cerebral hemispheres], experienced spontaneous sensory
seizures that involved the left labium and left breast. At times...[the sensation] began in the left labium,
spread to the left breast and continued to tingle in the labium and nipple. On one occasion this sensory
aura was followed by twitching of the left foot...there was nothing in the sensation that resembled
sexual excitement. But the description does suggest that the labium and nipple have a neighboring
localization in the contralateral sensorimotor area near the motor representation for foot.”

The ability of nipple stimulation to activate genital sensory cortex could have an indirect basis. Thus,
nipple/breast self-stimulation-induced oxytocin secretion could stimulate uterine contractions that in
turn generate afferent activity that projects to the paracentral lobule. However, it is also possible that
nipple/breast and genital sensory activity converge directly not only on oxytocinergic neurons of the
hypothalamic paraventricular nucleus [19], but also on paracentral lobule neurons of the genital
sensory cortex.

The cerebellum activation observed in the present study during vaginal and cervical self-stimulation 1s
a common observation during genital stimulation, especially during orgasm [12, 13]. It is likely that it
is involved in controlling muscle tension during genital stimulation [14]. Two other brain regions that
were seen to be activated in the present study are the supplementary motor area and SII (Secondary
somatosensory cortex). Other brain regions activated more variably were thalamus, frontal and parietal
cortices.

Regarding the observation of bilateral activation of the hand representation in sensory cortex in
response to unilateral hand-applied self-stimulation that was noted in the Results section for clitoral
and vaginal self-stimulation, it is likely that the sensory stimulation emanating from that single hand,
by utilizing the corpus callosum, generates contra- as well as ipsi-lateral activation of the hand
representation in sensory cortex. This observation is supported by substantial evidence in the literature
of bilateral sensory cortical response to unilateral hand stimulation [20, 21]. A more curious
observation was the activation of the hand representation in sensory cortex during investigator-applied
toe stimulation. One speculation to account for this observation is that subtle muscle-induced
contractions of the hand in response to toe stimulation (a compensatory response preparatory to
breaking the fall in the “stumble” response: [22]) activates the hand representation area in the sensory
cortex, although no obvious hand movement was observed. Another possibility is that the response is
among the class of atypical forms of referred sensation (e.g., [23]).

The present findings provide evidence that, rather than vaginal stimulation being just an indirect means
of stimulating the clitoris [17, 24], vaginal and cervical stimulation per se activate specific sensory
cortical regions that are distinct from the clitoral sensory projection. These differential routes of entry
into the brain are undoubtedly of significance in activating the diverse and differential consequences of
clitoral, vaginal or cervical stimulation; they include differential physiological effects, e.g., on prolactin
secretion [25], analgesia [26], and blood pressure reactivity to stress [27], and differential behavioral
effects, e.g., on orgasm [28], sexual satisfaction [29], and intimate relationship quality [30, 31].

While the present study mapped the primary sensory field of genital input to the sensory cortex, it
would be of interest in future studies to extend this analysis to brain fields beyond the sensory cortex
that are activated when genital stimulation is perceived as ‘erotic’ versus when it is perceived as ‘just
pressure’.
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