Men’s genital structures mapped on the sensory cortex: fMRI evidence
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Introduction
Men’s genitals are innervated by at least three pairs
of nerves – pudendal, pelvic, and hypogastric (see
Figure) [1]. The same three pairs of nerves in women
provide sensory innervation of the clitoris, vagina/
cervix, and uterus, respectively.
Using fMRI, we previously reported that selfstimulation of these genital regions in women activates
different, but partially overlapping, regions of the
paracentral lobule of the sensory cortex, as does nipple
self-stimulation [2]. To our knowledge, a comparable
comprehensive mapping of the genital structures in
men has not been reported.
Previous work on genital mapping in men included a
report of responses to rectal stimulation; however, it did
not include activation in the somatosensory cortex [3].
Electrical stimulation of the dorsal nerve of the penis
confirmed the earlier homuncular map of Penfield [4],
Contrast the superficial stimulation here with deep stimulation
i.e., that the evoked potentials were focused in the
medial cortex (in the medial region of the paracentral
lobule), i.e., in the genital region as represented in the
homuncular map [5–8]. Other studies using mechanical
or electrical stimulation of the penis identified a
responsive region that was either medial [9] or more
dorsolateral [10-12]; however, the latter may have been
due to inadvertent stimulation of the groin. It is likely
that, as in women [2], the different nerves providing
sensory innervation of the genitals in men project to
distinctly different regions of the sensory cortex.
To identify where the afferents from different genital Urethra stimulation and mild glans/shaft stimulation activate
components in men project onto the sensory cortex, we regions different from those activated by deep penis stimulation
analyzed the localization of activation sites in sensory
cortex in response to self-stimulation of the penile glans
and shaft, scrotum, testicles, urethra, perineum,
rectum, prostate and nipples.

Note partial overlap between regions activated by rectum and prostate stimulation

The differential activation is evidence that a second sensory nerve, probably
the pelvic nerve, provides significant penile sensation (p<0.05 cluster
thresholded)

Specific activation produced by prostate stimulation

The activation produced by testicle stimulation is different from that produced by
scrotum stimulation, consistent with their innervation via different nerves.

Methods
While lying in a 3T Siemens Trio scanner subjects
were given visual cues to self stimulate each area of
interest typically for 30sec+30sec rest x 5. Each
subject used his right hand to stimulate his nipples,
testicles and penis and a disposable curved lucite rod
to stimulate his prostate, rectum and perineum.
The urethra was stimulated using a thin (#8)
commercial sterile catheter. Data processing was
carried out in FSL and AFNI in Talairach space. The
hand movements required for stimulation were
modeled and subtracted from stimulation activations
to ensure that stimulation activations were
independent of the movements required to perform
the stimulation. An ROI analysis was carried out on
the paracentral lobules (AFNI TTAtlas) and thresholds
were adjusted to see only the most active voxels.

Scrotum stimulation (somatic) activates regions more shallow (i.e.,
(closer to the midline) than testicle (visceral) stimulation

Numbers of participants for the data figures:
Shaft comparison deep versus mild, shaft, glans,
scrotum, testicles, n=10
Nipple, left/right, n=5
Urethra, prostate, rectum, prostate-rectum:, n=4,

The head stabilizer for fMRI. The neck
brace is fitted first (note extension up
to occipital region), followed by the
thermoplastic mesh molded to back
of the head, then to the face.
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Nipple stimulation activated the genital sensory cortex, as we previously reported in women.
Note the distinct contralateral activation pattern, indicative of a “hard-wired” pathway.

Conclusions
•

•

•

Prostate-rectum-perineum selfstimulator. Disposable, single
use. Lubricated with petroleum
jelly.

•
Genital innervation in men
•

•

The genital sensory cortex in men, mapped by fMRI, is located in the paracentral lobule,
confirming and extending the Penfield homuncular map, which was based on electrical
stimulation of brain.
Penis mild, versus forceful, self-stimulation activated different, but adjacent, regions of the
genital sensory cortex. This is most likely due to dual innervation -- differential activation of
the pudendal nerve (surface skin) and the pelvic nerve (deep tissue) and their differential
projections to the genital sensory cortex.
Testicle self-stimulation (not mapped by Penfield) activated a different, but adjacent, region
of the genital sensory cortex, different from scrotum stimulation.
Prostate self-stimulation (also not mapped by Penfield) activated yet a different, also
adjacent, region of the genital sensory cortex, which overlapped partially, but differed from,
the regions activated by rectum stimulation.
Nipple self-stimulation activated the genital sensory cortex, as we previously reported in
women [2]. The contralateral activation provides evidence of a “hard-wired” pathway, rather
than indirect via oxytocin-stimulated genital afference or via cognitive/experiential factors.
Visceral stimulation responses tend to be located “deeper” (i.e., farther from the midline)
than somatic stimulation responses.
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