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Purpose: Penile erection is dependent on commands from the central nervous system. Although basic studies of animals and
neuroimaging studies of humans have been conducted to identify key brain regions associated with sexual arousal, to our
knowledge no reliable studies of the first excitation phase of sexual arousal leading to penile erection have been reported.
Materials and Methods: We used H2

15O-positron emission tomography to analyze regional cerebral blood flow just before
penile erection in heterosexual volunteers. The subjects viewed 3 different types of audiovisual materials—sexually explicit
clips, nonsexual neutral clips and dynamic mosaic image control clips—presented in random order, and penile rigidity was
monitored in real time with a RigiScan® Plus device. Positron emission tomography scanning was initiated simultaneously
when each clip was started, and images obtained when the subjects showed appropriate penile response were analyzed and
compared.
Results: The advanced audiovisual cortices and cerebellar vermis in the right hemisphere were activated for sexually
explicit-dynamic mosaic image control clip contrast, and only the right middle frontal gyrus was activated for sexually
explicit- nonsexual neutral clip contrast. Several primary visual and audio regions were activated for dynamic mosaic image
control-sexually explicit clip contrast and nonsexual neutral-sexually explicit clip contrast.
Conclusions: We speculate that advanced audiovisual activity with imagination, not primary visual and audio activity,
occurs when men experience sexual arousal inducing penile erection. Furthermore, the cerebellar vermis may be a key region
for induction of penile erection in humans.
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Erectile dysfunction is defined as the inability to
achieve or maintain an erection sufficient for satis-
factory sexual performance. It can be classified as

psychogenic, organic (neurogenic, hormonal, arterial, cav-
ernous or drug induced) or both psychogenic and organic.
Psychogenic ED is caused by various mental factors includ-
ing psychiatric disorders such as depression and schizophre-
nia, performance anxiety, a strained relationship and lack of
sexual arousal.1 It is well known that penile erection is
dependent on commands from the CNS. Since the introduc-
tion in 1998 of sildenafil citrate, a selective inhibitor of
phosphodiesterase type 5 that prevents the degradation of
cyclic guanosine monophosphate in the corpus cavernosum
of the penis, this drug has been the main tool for treatment
of psychogenic ED.2 Although phosphodiesterase type 5 in-
hibitors are effective for psychogenic ED, they cannot in-
crease sexual arousal themselves. It was reported that the

greatest increases in the International Index of Erectile
Function scores by treatment with sildenafil citrate were
observed in the domain scores for erectile function, inter-
course satisfaction and overall satisfaction with sex life, and
the smallest increases were observed in the sexual desire
domain scores.3 The precise mechanism of CNS induced
sexual arousal and penile erection has not been elucidated.

Recent development of neuroimaging techniques has al-
lowed the investigation of psychogenic function in several
disorders and diseases. With the use of these techniques,
male sexual response to visual sexual stimuli has been in-
vestigated. Although previous results are informative with
respect to identifying key regions of the CNS involved in
sexual activity in humans, it is unknown whether these
activated regions are involved in real sexual arousal to
induce penile erection.4–12 The human male psychosexual
cycle is divided into 4 phases according to penodynamic
changes: excitement into latency and tumescence (excitation
phase), plateau into erection and rigidity (plateau phase),
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orgasm into emission and ejaculation (orgasm phase), and
resolution into detumescence and refractoriness (resolution
phase).13,14 Most previous neuroimaging studies have fo-
cused on the role of the CNS in the plateau phase.4–7,9 A
recent study showed that the mesodiencephalic transition
zone and cerebellum are activated at the time of orgasm and
ejaculation (orgasm phase),15 but little has been reported on
regions activated during the excitation phase. We conducted
an experimental study designed to identify regions activated
only during the excitation phase. The study was based on
audiovisual sexual stimulation, PET and a RigiScan® Plus
device for evaluation of penile status.

MATERIALS AND METHODS

Participants
Six healthy, right-handed, heterosexual volunteers (mean
age 35.5 " 3.1 years, range 31 to 39) gave written informed
consent according to the Declaration of Helsinki, and the
procedures were approved by the Regional Ethics Commit-
tee of Osaka University Graduate School of Medicine. None
of the volunteers had any history of physical, psychiatric or
sexual disorders. All of the subjects were shown to have
normal erectile function according to the short version of the
International Index of Erectile Function, as well as normal
endocrinological profiles before the study. The volunteers
were expressly asked not to move.

Sexual Stimuli and Monitoring of Penile Rigidity
The subjects viewed 3 categories of audiovisual materials—
sexually explicit clips (S condition), nonsexual neutral clips
(N condition) and dynamic mosaic image control clips (M
condition)—each lasting 3 minutes, in random order. The
sexually explicit clips featured heterosexual intercourse.
The nonsexual neutral clips included dances, sports, car
races and talk shows. The mosaic image clips were created
from corresponding sexually explicit clips to provide the
same brightness, color information and auditory stimuli,
with sandstorm-like sounds, as of the original sexually ex-
plicit clips. A RigiScan® Plus device was used for continuous
real-time monitoring of penile rigidity while the subjects
were viewing the video clips. Rigidity at the tip and base of
the penis (percentage of linear displacement of the loops due
to constant force) was determined and charted.

PET Scanning and Data Analysis
PET scanning was performed with a Headtome V scanner
(Shimazu, Kyoto, Japan) in the 3-dimensional acquisition
mode. The subjects underwent 12 regional cerebral blood
flow measurements (4 per condition, each lasting 90 sec-
onds) after a slow intravenous bolus injection of H2

15O (259
MBq per scan). The attenuation corrected data were recon-
structed into 3-dimensional images with a voxel resolution
of 2 # 2 # 3.125 mm, which were then analyzed using
statistical parametric mapping software (SPM2, Wellcome
Department of Cognitive Neurology, London, United King-
dom). The images were realigned using the first image,
transformed into the standard stereotactic space devised by
the MNI and smoothed using an isotropic 12 mm full width
half maximum Gaussian kernel. When each clip was
started, PET scanning was initiated simultaneously regard-
less of erectile status. The order in which clips were pre-

sented was random and counterbalanced. Mean blood flow
was normalized to a common mean value of 50 ml/100 g per
minute. After the appropriate design matrix and comparison
vectors were specified, the main effects and interactions
were estimated in comparisons of adjusted task means with
the use of the t statistic transformed into a normally distrib-
uted z statistic. Statistical significance was analyzed for
comparisons of S-M, S-N, M-S and N-S. Statistical signifi-
cance was set at p $0.05, corrected for multiple compari-
sons. Activated brain regions were estimated according to
the Talairach and Tournoux method, after adjustment for
differences between MNI and Talairach coordinates.

RESULTS

A schematic of the audiovisual presentations together with
PET scanning and representative penile rigidity data are
shown in figure 1. Data were excluded from analysis when a
subject could not achieve significant penile erection in re-
sponse to sexually explicit clips or when the RigiScan® Plus
device showed increased penile rigidity in response to mo-
saic or nonsexual clips. A total of 19 scans for sexually
explicit clips, 23 scans for mosaic clips and 22 scans for
nonsexual clips were analyzed. The latency time—duration
between the first response and the plateau of penile erection
in response to sexually explicit clips—was 129.5 " 32.1
seconds. Furthermore, nobody in our volunteers reached the
plateau of the erection within 90 seconds after the beginning
of the sexually explicit clips. In addition, the first response of
penile erection was usually recorded at 15 to 30 seconds
after the beginning of the sexually explicit clips. Thus, PET
scanning in our protocol was actually performed during the
excitement phase of penile erection.

To elucidate brain activity patterns inducing penile erec-
tion, PET data of the S condition were compared with those
of the N and M conditions (table 1). For S-M contrast (fig. 2)
large regions of prominently increased activation were iden-
tified in the middle occipital gyrus (BA19) in the right hemi-
sphere and inferior occipital gyrus (BA19) in the left hemi-
sphere. The most activated locus was identified in the right
cerebellar vermis (fig. 2). For S-N contrast specific activity
was identified in the right middle frontal gyrus (BA11).
Possible clusters that may have a role in inhibiting sexual
arousal were also analyzed (table 2). For M-S contrast cal-
carine sulcus (BA17), inferior frontal gyrus (BA47), inferior
parietal gyrus (BA7) and medial frontal gyrus (BA8) were
seen only in the left hemisphere (fig. 3). For N-S contrast the
middle temporal gyrus (BA21) and inferior temporal gyrus
(BA20) in the left hemisphere, and middle frontal gyrus
(BA6) in the right hemisphere were noted.

DISCUSSION

Sexual dysfunction is important with respect to quality of
life. Specific regions of the human brain involved in the
induction of penile erection are receiving increased atten-
tion. Basic studies of animals have revealed that the medial
preoptic arc, the paraventricular nucleus of the hypothala-
mus and the hippocampus are brain loci that elicit penile
erection when stimulated.16 However, little is known about
the relation between brain activation and sexual behavior in
humans. The human psychosexual response has unique
characteristics that distinguish it from homologous behavior
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in other species because cognitive aspects of sexuality, such
as sexual imagery, are likely to be much more important in
humans than in other species. The advent of functional
neuroimaging has provided powerful tools, including PET
and fMRI, for the study of neural substrates of normal
emotions as well as those involved in the pathophysiology of
psychiatric disorders. With use of these techniques several
studies have been conducted to identify key regions of the
CNS involved in sexual arousal. Previous PET and fMRI
studies have identified the cingulate gyrus, caudate, puta-
men, claustrum, sensorimotor region, premotor region and
hypothalamus as important for sexual arousal.4–12 The
identification of many regions is likely due to various meth-
odologies for evaluation of sexual arousal. Sexual arousal in
normal men results in penile erection. However, most stud-
ies have evaluated penile status without reliable tools.
These studies, excluding 3 studies with plethysmography to
monitor penile circumference6,8 or a custom-built pneumatic
pressure cuff,9 assessed only subjective penile erection. Al-
though a subject reports sexual arousal during the viewing
of sexually explicit films or clips, this may not be true sexual
arousal unless penile erection occurs. Even the use of ques-
tionnaires to evaluate mental state cannot guarantee true
sexual arousal. We believe that it is necessary to evaluate

penile status regardless of subject reports of sexual arousal.
In this study we used a RigiScan® Plus device, which is the
most reliable and widely used tool for real-time monitoring
of penile tumescence and rigidity.17

A previous neuroimaging study of the early stage of
sexual arousal was conducted by comparing 8 healthy
men and 7 patients with hypoactive sexual desire disorder
by PET with plethysmography.8 Activation in control sub-
jects and deactivation or unchanged activity in patients
was found in the inferior parietal lobules, anterior cingu-
lated gyrus and frontal lobes, which are related to emo-
tional and motor imagery processes or premotor pro-
cesses. The cerebellar vermis was not activated in normal
subjects. However, these results may not represent the
excitation phase because PET data acquisition was initi-
ated 60 seconds after the visual stimulation began. An-
other interesting fMRI study of the early stage of sexual
arousal was conducted with 8 healthy men to evaluate
emotional changes in response to sexual stimuli.12 Re-
gional cerebral blood flow was increased in the parietal
and frontal premotor areas, which are involved in atten-
tional processes directed toward motivationally relevant
stimuli, and in motor preparation and motor imagery.
Activation of the cerebellar vermis was not identified.

FIG. 1. Schematic of experimental design. Three categories of audiovisual stimuli are represented as gray box—sexually explicit clip (S),
white box—nonsexual neutral clip (N) and mosaic box—dynamic mosaic image control clip (M). Each video was presented in random order
and lasted 3 minutes. PET scanning is indicated by striped bars. When each clip was started PET scanning was initiated simultaneously
regardless of erectile status. Durations of penile erection are indicated by black boxes below scanning bars. Typical graph of RigiScan® Plus
data indicating rigidity (Rig) and tumescence (Tum) of tip (upper 2 graphs) and base (lower 2 graphs) of penis shows percentage of linear
displacement of loops due to constant force and changes in penile circumference.

TABLE 1. Stereotaxic coordinates of S-M and S-N contrast

Location

MNI Coordinate (mm)

Z-Score*x y z

S-M contrast:
Rt Cerebellar vermis 4 %74 %22 5.62
Rt Middle occipital gyrus (BA19) 46 %86 4 5.48
Lt Inferior occipital gyrus (BA19) %44 %84 %8 5.28

S-N contrast:rt Middle frontal gyrus (BA11) 26 58 %18 5.27

The height threshold was t & 5.26 (p $0.05 corrected for multiple comparisons).
* Activations are reported as Z-scores (conversion of normal distribution).
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However, the sexual stimuli in this study were photo-
graphs, and the emotional condition was evaluated with a
series of questions regarding desire and erection. In the
present study we initiated PET scanning when each clip
was started regardless of consequent erectile status, and
data were excluded when the subjects did not show ex-
pected penile response by the RigiScan® Plus device.
Therefore, we were able to focus on regions activated
during the excitation phase.

Our results clearly showed right side dominant activation of
the middle and inferior occipital gyri (BA19), which are highly
advanced audiovisual cortices for S-M contrast (table 1). This
finding is similar to the results of previous studies of the
plateau phase.4–7,9–11 A positive correlation has been re-
ported between signal intensity in the right middle occipital
gyrus and magnitude of penile tumescence in response to
visual sexual stimuli.9 However, a recent review indicated
that activation of the middle and inferior occipital gyri might
not be related specifically to sexual arousal but rather to
visual stimulation itself.18 Furthermore, the middle frontal
gyrus (BA11) in the right hemisphere, which is related to
emotional impulses, was only activated for S-N contrast in
the present study. The viewing of sexually explicit clips
appears to involve more physiological impulses than the
viewing of nonsexual clips involves. Interestingly, specific
activation in response to S-M contrast was identified in the
right cerebellar vermis during the excitation phase. The
cerebellum has traditionally been viewed as dedicated to
motor control, but recent evidence has shown that it is

involved in nonmotor operations as well. Deficits after cer-
ebellar lesions include disturbances in executive function,
learning, memory, attention, visuospatial function, lan-
guage and personality change. Thus, the cerebellum is not
limited to motor control. It also has important roles in cog-
nition and emotion.19,20 Sexual arousal has cognitive, moti-
vational, emotional and autonomic components.6 The cogni-
tive component comprises a process of appraisal through
which stimuli are categorized as sexual incentives and quan-
titatively evaluated as such, attention to stimuli evaluated
as sexual is increased, and motor imagery related to sexual
behavior is increased. In addition, imagination of previous
sexual experiences may affect this process in humans. We
suggest that the cerebellar vermis is a key region for sexual
arousal in human males.

In contrast, almost all regions activated for M-S contrast
and N-S contrast were in the left hemisphere (table 2). This
asymmetric activity of the hemispheres relative to sexual
arousal is consistent with findings of previous PET stud-
ies.4–12 Among regions activated for M-S contrast and N-S
contrast, the calcarine sulcus (BA17), inferior parietal gyrus
(BA7), medial frontal gyrus (BA8) and middle frontal gyrus
(BA6) may be associated with primary visual stimulation
and with visuospatial attention. In addition, inferior frontal
gyrus (BA47) activated for M-S contrast, and the middle and
inferior temporal gyri (BA20 and BA 21) for N-S contrast are
associated with primary audio stimulation such as that of
spoken language. These findings indicate that regions asso-
ciated with primary visual and audio activity are inactivated
in the sexual condition, and are activated in the nonsexual
condition.

FIG. 2. Neocortical activation for S-M contrast. Large regions of
prominently increased activation were identified in middle occipital
gyrus (BA19) in right hemisphere and inferior occipital gyrus
(BA19) in left hemisphere. Most activated locus was identified in
right cerebellar vermis.

TABLE 2. Stereotaxic coordinates of M-S and N-S contrast

Location

MNI Coordinate (mm)

Z-Score*x y z

M-S contrast:
Lt Calcarine sulcus (BA17) %2 %98 %10 6.48
Lt Inferior frontal gyrus (BA47) %48 16 2 5.11
Lt Inferior parietal gyrus (BA7) %40 %68 42 5.04
Lt Medial frontal gyrus (BA8) %8 20 50 4.99

N-S contrast:
Lt Middle temporal gyrus (BA21) %44 6 %22 6.00
Lt Inferior temporal gyrus (BA20) %46 %18 %34 5.21
Rt Middle frontal gyrus (BA6) 46 2 50 4.85

The height threshold was t & 5.26 (p $0.05 corrected for multiple comparisons).
* Activations are reported as Z-scores (conversion of normal distribution).

FIG. 3. Neocortical activation for M-S contrast. Activity in sulcus
(BA17), inferior frontal gyrus (BA47), inferior parietal gyrus (BA7)
and medial frontal gyrus (BA8) was seen only in left hemisphere.
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CONCLUSIONS

We found that advanced audiovisual regions and the cere-
bellar vermis are activated, and that primary visual and
audio regions are inactivated during the excitation phase of
sexual arousal. We speculate that the advanced audiovisual
activity involved in imagination, not primary visual and
audio activity, occurs when men experience sexual arousal.
Furthermore, we believe that the cerebellar vermis is a key
region involved in sexual arousal inducing penile erection in
humans. Our findings will aid in understanding how the
human brain controls sexual arousal and penile erection.

Abbreviations and Acronyms
CNS & central nervous system

ED & erectile dysfunction
fMRI & functional magnetic resonance imaging

M & dynamic mosaic image control clip
MNI & Montreal Neurological Institute

N & nonsexual neutral clip
PET & positron emission tomography

S & sexually explicit clip

REFERENCES

1. Mallis, D., Moysidis, K., Nakopoulou, E., Papaharitou, S., Ha-
tzimouratidis, K. and Hatzichristou, D.: Psychiatric mor-
bidity is frequently undetected in patients with erectile
dysfunction. J Urol, 174: 1913, 2005

2. Goldstein, I., Lue, T. F., Padma-Nathan, H., Rosen, R. C.,
Steers, W. D. and Wicker, P. A.: Oral sildenafil in the
treatment of erectile dysfunction. Sildenafil Study Group.
N Engl J Med, 338: 1397, 1998

3. Montorsi, F., McDermott, T. E., Morgan, R., Olsson, A.,
Schultz, A., Kirkeby, H. J. et al: Efficacy and safety of
fixed-dose oral sildenafil in the treatment of erectile dys-
function of various etiologies. Urology, 53: 1011, 1999

4. Bocher, M., Chisin, R., Parag, Y., Freedman, N., Meir Weil, Y.,
Lester, H. et al: Cerebral activation associated with sexual
arousal in response to a pornographic clip: a 15O-H2O PET
study in heterosexual men. Neuroimage, 14: 105, 2001

5. Rauch, S. L., Shin, L. M., Dougherty, D. D., Alpert, N. M., Orr,
S. P., Lasko, M. et al: Neural activation during sexual and
competitive arousal in healthy men. Psychiatry Res, 91: 1,
1999

6. Redoute, J., Stoleru, S., Gregoire, M. C., Costes, N., Cinotti, L.,
Lavenne, F. et al: Brain processing of visual sexual stimuli
in human males. Hum Brain Mapp, 11: 162, 2000

7. Stoleru, S., Gregoire, M. C., Gerard, D., Decety, J., Lafarge, E.,
Cinotti, L. et al: Neuroanatomical correlates of visually
evoked sexual arousal in human males. Arch Sex Behav,
28: 1, 1999

8. Stoleru, S., Redoute, J., Costes, N., Lavenne, F., Bars, D. L.,
Dechaud, H. et al: Brain processing of visual sexual stimuli
in men with hypoactive sexual desire disorder. Psychiatry
Res, 124: 67, 2003

9. Arnow, B. A., Desmond, J. E., Banner, L. L., Glover, G. H.,
Solomon, A., Polan, M. L. et al: Brain activation and sexual
arousal in healthy, heterosexual males. Brain, 125: 1014,
2002

10. Karama, S., Lecours, A. R., Leroux, J. M., Bourgouin, P., Beau-
doin, G., Joubert, S. et al: Areas of brain activation in males
and females during viewing of erotic film excerpts. Hum
Brain Mapp, 16: 1, 2002

11. Park, K., Seo, J. J., Kang, H. K., Ryu, S. B., Kim, H. J. and
Jeong, G. W.: A new potential of blood oxygenation level
dependent (BOLD) functional MRI for evaluating cerebral
centers of penile erection. Int J Impot Res, 13: 73, 2001

12. Mouras, H., Stoleru, S., Bittoun, J., Glutron, D., Pelegrini-
Issac, M., Paradis, A. L. et al: Brain processing of visual
sexual stimuli in healthy men: a functional magnetic reso-
nance imaging study. Neuroimage, 20: 855, 2003

13. Argiolas, A. and Melis, M. R.: The neurophysiology of the
sexual cycle. J Endocrinol Invest, 26: 20, 2003

14. Govier, F. E., Asase, D., Hefty, T. R., McClure, R. D., Pritchett,
T. R. and Weissman, R. M.: Timing of penile color flow
duplex ultrasonography using a triple drug mixture. J Urol,
153: 1472, 1995

15. Holstege, G., Georgiadis, J. R., Paans, A. M., Meiners, L. C.,
van der Graaf, F. H. and Reinders, A. A.: Brain activation
during human male ejaculation. J Neurosci, 23: 9185, 2003

16. McKenna, K. E.: Some proposals regarding the organization of
the central nervous system control of penile erection. Neu-
rosci Biobehav Rev, 24: 535, 2000

17. Chen, J. H., Liu, S. P. and Hsieh, J. T.: The relationship of
penile rigidity and intracavernous vascular resistance in
potent men during intracavernous pharmacological testing.
J Urol, 166: 1762, 2001

18. Phan, K. L., Wager, T., Taylor, S. F. and Liberzon, I.: Func-
tional neuroanatomy of emotion: a meta-analysis of emo-
tion activation studies in PET and fMRI. Neuroimage, 16:
331, 2002

19. Allen, G., Buxton, R. B., Wong, E. C. and Courchesne, E.:
Attentional activation of the cerebellum independent of
motor involvement. Science, 275: 1940, 1997

20. Tesche, C. D. and Karhu, J. J.: Anticipatory cerebellar re-
sponses during somatosensory omission in man. Hum
Brain Mapp, 9: 119, 2000

BRAIN PROCESSING OF SEXUAL STIMULI FOR ERECTION 683


	Brain Processing of Audiovisual Sexual Stimuli Inducing Penile Erection: A Positron Emission Tomography Study
	MATERIALS AND METHODS
	Participants
	Sexual Stimuli and Monitoring of Penile Rigidity
	PET Scanning and Data Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


