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Abstract: Biological differences in male and female sexuality are obvious in the behavioral domain, but
the central mechanisms that might explain these behavioral gender differences remain unclear. In this
study, we merged two earlier positron emission tomography data sets to enable systematic comparison
of the brain responses in heterosexual men and women during sexual tactile genital (penile and clitoral)
stimulation and during orgasm. Gender commonalities were most evident during orgasm, a phase which
demonstrated activations in the anterior lobe of the cerebellar vermis and deep cerebellar nuclei, and
deactivations in the left ventromedial and orbitofrontal cortex in both men and women. During tactile
genital stimulation, deactivations in the right amygdala and left fusiform gyrus were found for both gen-
ders. Marked gender differences were seen during this phase: left fronto-parietal areas (motor cortices,
somatosensory area 2 and posterior parietal cortex) were activated more in women, whereas in men, the
right claustrum and ventral occipitotemporal cortex showed larger activation. The only prominent gen-
der difference during orgasm was male-biased activation of the periaqueductal gray matter. From these
results, we conclude that during the sexual act, differential brain responses across genders are princi-
pally related to the stimulatory (plateau) phase and not to the orgasmic phase itself. These results add to
a better understanding of the neural underpinnings of human sexuality, which might benefit treatment
of psychosexual disorders. Hum Brain Mapp 30:3089–3101, 2009. VVC 2009 Wiley-Liss, Inc.
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INTRODUCTION

Gender differences in sexuality and sexual behavior are
often subject to humor and ridicule. Nevertheless, differen-
ces in the way the male and female brain produce a sexual
response may be clinically relevant, because there is a
large group of gender-specific sexual disorders without a
clear somatic cause (psycho- or neurogenic sexual disor-
ders). As these sexual disorders are associated with high
occurrences of health and relationship problems [Laumann
et al., 1999; Lloyd, 2005], gaining knowledge about the
functional neurobiology underlying human sexual behav-
ior is important. This process is delayed by the lack of
neurobiological studies that are actually carried out in
human subjects, especially pertaining to more progressed
stages of the sexual response, like genital stimulation and
orgasm. In previous studies, we have identified regions in
the human brain associated with tactile genital stimulation
and orgasm in men [Georgiadis and Holstege, 2005;
Holstege et al., 2003; Georgiadis et al., 2007] and women
[Georgiadis et al., 2006]. An outstanding question is how
the brain reponses in both gender groups compare during
these crucial sexual phases.
From similar animal studies conducted in male [Baum

and Everitt, 1992; Coolen et al., 1996; Kollack-Walker and
Newman, 1997; Marson et al., 1993] and female [Coolen
et al., 1996; Marson, 1995; Marson and Murphy, 2006],
rodents a picture emerges of a shared neuronal substrate
for the processing of genital information and the control of
genital responses comprising regions in the thalamus, the
amygdala, the midbrain, and the hypothalamus. Bridging
the gap between animal studies and human sexual activity
is not straightforward. For example, animal models exist
for the neuronal substrate underlying penile erection and
ejaculation, but not for the subjective experience of sexual
arousal and orgasm. Other concerns with the relevant ani-
mal studies are that the vast majority of them focuses on
male sexual behavior, and that the cerebral cortex is usu-
ally not investigated despite insights gained from neuro-
logical patients about its importance for the integrity of
human sexual behavior [Aloni and Katz, 1999; Sandel
et al., 1996].
Gender differences in human brain function have been

demonstrated for emotional tasks: a meta-analysis of 65
neuroimaging studies revealed that compared to men,
women more frequently activate midline limbic structures,
including the subcallosal anterior cingulate, the thalamus,
the midbrain, and the cerebellum. Men, on the other hand,
showed more hemispheric lateralization and more activa-
tion in occipital and left inferior frontal cortices [Wager
et al., 2003]. For visually evoked sexual arousal, men had
more activation in amygdala [Hamann et al., 2004] and
hypothalamus [Hamann et al., 2004; Karama et al., 2002].
With our previous within-gender analyses, we have

shown that during stimulation of the erect penis, the right
claustrum, insula, secondary somatosensory cortex, and
occipitotemporal cortex were recruited [Georgiadis and

Holstege, 2005], whereas during clitoral stimulation, the
main activations were in the left somatosensory area 2 as
well as in the left primary somatosensory cortex [Geor-
giadis et al., 2006]. The amygdala was deactivated in men
and in women (on the right in men, on the left in women),
as was the area of the left inferior temporal gyrus/fusi-
form gyrus. For orgasm, the patterns of activation and
deactivation were largely similar between both gender
groups (activation in the anterior medial cerebellum, deac-
tivation in the left ventromedial and orbitofrontal cortex),
except for involvement of the left rostral midbrain and ad-
jacent ventral thalamus in men, which was not found in
women [Georgiadis et al., 2006, 2007]. As interesting as
these observations may be, they lack direct statistical infer-
ence about both gender commonalities and differences.
The aim of the present study was to perform a formal
group comparison using these data sets.
We hypothesized that the former within-gender observa-

tions would be statistically confirmed as gender differen-
ces or commonalities with this new analysis. We also
expected that the subcortical network related to sexual tac-
tile genital stimulation in male and female animals (thala-
mus, hypothalamus, amygdala, and midbrain) would
appear as a shared gender effect in humans.

MATERIALS AND METHODS

Participants

Male and female subjects included in the present analy-
sis had originally been included in studies exploring
within-gender brain activation patterns during sexual geni-
tal stimulation [Georgiadis and Holstege, 2005; Georgiadis
et al., 2006] and orgasm [Georgiadis et al., 2006, 2007; Hol-
stege et al., 2003]. For the present between-gender analysis
11 male (mean age 33, range 19–45) and 12 female (mean
age 32, range 21-47) subjects were included. All subjects
were healthy, right-handed, heterosexual, and without a
history of psychiatric or sexual disorders. The subjects’
partners also participated in the experiment by manually
performing the genital stimulation necessary for the sub-
jects to reach a state of sustained sexual arousal and even-
tually orgasm. This set-up ensured a sexually salient con-
text with some degree of familiarity for the subject. All
participants gave written informed consent according to
the Declaration of Helsinki and the procedures were
approved by the internal ethics committee of the Univer-
sity Medical Center Groningen.

PET Protocol

Per subject, eight PET scans (63 planes; axial field of
view of 15.5 cm) were made in 3D-mode using an Ecat
Exact HR1 (CTI/Siemens, Knoxville, TN, USA) camera
with a spatial resolution of 4–5 mm FWHM in all three
directions. The radiotracer [15O]-H2O was used as a mea-
sure of regional cerebral blood flow (rCBF). Per scan 500MBq
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of activity, dissolved in 32 ml of 0.9% saline was adminis-
tered intravenously into the right forearm at 8 ml/s. After
injection of the radiotracer, data were collected for 120 s.
Consecutive scans were made with intervals of approxi-
mately eight minutes offset-to-onset. The subjects were
asked to keep their eyes closed during scanning, and their
head was maintained in position with a head-restraining
adhesive band. The couples were allowed to communicate
verbally between successive scans. After the experiment,
the subjects did not report important differences between
their sexual experience under normal circumstances and
that inside the scanner. A scan specific calculated attenua-
tion correction was performed to minimize inter-scan dis-
placement induced variance [Reinders et al., 2002]. Data
acquisition was in multiple 10-s frames (identical for men
and women). Scan frames were reconstructed using a fil-
tered back projection procedure and were corrected for
background radiation, before being summed to 120s rCBF-
images.

Experimental Design

Gender differences in the human sexual response were
taken into account when the male and female experiments
were designed. For instance, women typically reach
orgasm most easily through clitoral stimulation, and not
via penetration [Hite, 1976; Lloyd, 2005]. In addition,
women are far more likely to stay aroused after orgasm
than men [Mah and Binik, 2001]. Therefore, women had
three and men two attempts to reach orgasm. An overview
of the experimental tasks that were performed by both
sexes and the order in which these were scanned is given
in Figure 1. For more detailed descriptions of the male and
female experimental design, we refer to Holstege et al.
[2003] or Georgiadis et al. [2006 2007], respectively.

Data Preprocessing and Data Modeling

Statistical Parametric Mapping (SPM5) software (http://
www.fil.ion.ucl.ac.uk/spm/) was used for spatial transfor-
mation and statistical analysis of the data [Friston et al.,
1995a,b]. The data were realigned, stereotactically normal-
ized, and smoothed using an isotropic Gaussian kernel of
12 mm (full width at half maximum). Subsequently, the
data were fitted to a general linear model for variance esti-
mation using the flexible factorial design set-up in SPM5.
Three factors (Subject, Gender and Condition) were
defined, which were incorporated in the model as one
main effect (Subject) and one interaction effect (Gender x
Condition). The factor ‘‘Condition’’ had four levels: passive
non-sexual resting state (REST), sexual tactile genital stim-
ulation (STIM), orgasm (ORG), and miscellaneous (MISC).
The latter category contained the scans of ‘‘erection with-
out stimulation’’ and ‘‘failed orgasm attempts’’ in men,
and of ‘‘imitation of orgasm’’ and ‘‘failed orgasm attempt’’
in women. Differences in global activity between scans
were corrected for by proportional scaling, with a grand
mean set to 50 ml/100g/min21. For each scan, voxels with
a value less than 80% of the mean voxel value were
removed to exclude voxels outside of the brain.

Statistical Analysis

Within-gender, regionally specific condition effects were
tested by comparing the parameter estimates using linear
compounds or contrasts. The resulting set of voxel values
for these contrasts constituted the associated statistical
parametric map of the t statistics. These within-gender t
contrasts were calculated for (i) sexual tactile genital stim-
ulation (activations: STIM > REST; deactivations: REST >
STIM) and (ii) orgasm (activations: ORG > STIM; deactiva-
tions: STIM > ORG).

Figure 1.

Schematic overview of the experimental set-up of the male and

female studies. A: The scan order differed between men and

women. Note that in women the three orgasm attempts were

scheduled at the end of the experiment (scans 6–8), whereas

men attempted to attain orgasm twice, namely once in the mid-

dle (scan 4) and once at the end (scan 8) of the experiment. B:

The rhythm of the [15O]-H2O PET-protocol. During the eight-

minute interscan interval there was sufficient time to prepare

orgasm. C: Orgasm was aimed at the period 20–60 s after

tracer injection (indicated by the dashed lines). Misc, miscellane-

ous (for details, see Materials and Methods); Org, orgasm

attempt; Stim, sexual genital stimulation.
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The main objective of this study was to explore gender
commonalities and differences. Due to the lack of studies
on this topic, we accepted and report those brain areas
that survive a statistical threshold of P < 0.001, uncor-
rected for multiple comparisons [Friston et al., 1991]. To
investigate rCBF changes occurring in men and women for
stimulation or orgasm respectively, we performed conjunc-
tion analyses using statistical parametric maps of the mini-
mal t statistic, P < 0.001 uncorrected, over ‘‘male’’ and
‘‘female’’ t contrasts (conjunction null hypothesis, see: Fris-
ton et al., 2005; Nichols et al., 2005]. These effects are
called ‘‘gender commonalities.’’ The mutual subtraction of
the appropriate male versus female t contrasts rendered
differential contrasts for sexual genital stimulation and
orgasm, which are called ‘‘gender differences.’’ Parameter
estimates were calculated to gain knowledge about how
brain regions in men and women responded during the
different phases of the experiment. We used MarsBar
(http://marsbar.sourceforge.net/), a region of interest tool
that can be implemented in SPM5. Two separate extended
models were designed to test for possible confounding
effects of differences across genders in scan order and

orgasm repetition. The influence of these effects was tested
by two independent analyses of covariance (scan order: 1–
8; orgasm repetition order: 1, 2, 3) using an F test (P <
0.05, corrected). Brain regions were identified using three
stereotactic atlasses: Schmahmann et al. [1999] for foci in
the cerebellum, Mai et al. [1997] for foci in the subcortical
gray matter, and the WFU-pickatlas tool [Maldjian et al.,
2003, 2004] with incorporated Talairach Daemon [Lancaster
et al., 2000] for gyral- and Brodmann-labeling of foci in the
telencephalic cortical coverings.

RESULTS

Conjunction Analyses

rCBF changes occurring in men and women during

tactile sexual genital stimulation

There was conjoint activation in the left primary and
secondary somatosensory cortices. Shared deactivation was
found in the right amygdala, bilaterally in the fusiform
gyrus, and on the ventral aspect of the temporal lobe
(Table I and Fig. 2).

TABLE I. Comparing brain activation of men and women during sexual genital stimulation

Side Brain regions BA Voxels x y z t

Common activations for men and women
L Inferior parietal lobule (SII) 40 142 254 222 28 3.84
L Postcentral gyrus (SI) 3 40 220 238 64 3.69
Common deactivations for men and women
R Amygdala 2 379 20 22 224 4.88a,b

R Fusiform gyrus 20 75 40 220 232 4.29
L Fusiform gyrus 20 526 254 232 228 4.06b

R Middle temporal gyrus 21 68 54 10 220 3.72
L Inferior temporal gyrus 37 24 256 262 216 3.57
Men > women
R Claustrum – 121 32 218 24 4.61a,b

L Cerebellar vermis, posterior lobe – 56 210 280 216 4.11
R Middle temporal gyus (VOT) 37 82 58 264 22 4.07b

L Cerebellar vermis, Posterior lobe – 101 212 282 236 3.70
Women > men
L Inferior parietal lobule (posterior parietal cortex) 40 367 234 256 44 4.90a

L Postcentral gyrus (somatosensory area 2) 2 349 252 224 40 4.64a,b

L Precentral gyrus/middle frontal gyrus (MI/PMC) 4/6 484 240 224 62 4.54a

R Middle frontal gyrus (PMC) 6 210 30 6 64 4.35c

R Middle frontal gyrus (PMC) 6 121 4 28 52 4.01
R Inferior parietal lobule (posterior parietal cortex) 40 26 48 270 40 3.48c

L Precuneus 7 21 220 274 46 3.37

Within-gender, brain activation during sexual genital stimulation was compared to brain activation of a non-sexual passive resting state
(STIM vs. REST). Gender commonalities were found by conjunction and gender differences by mutual subtraction of these within-gender
T contrasts. The statistical threshold for brain regions listed in the table is P < 0.001, uncorrected for multiple comparisons (t 5 3.15).
Coordinates refer to the MNI (Montréal Neurological Institute) coordinate system.
aCluster with peak voxel value of PFWE < 0.05.
b Region included in a priori hypothesis.
c Region symmetrical to contralateral region with PFWE < 0.05.
BA, Brodmann’s area; PFWE, family-wise error corrected for multiple comparisons; L, left hemisphere; PMC, premotor cortex; R, right
hemisphere; t, t value; SII, secondary somatosensory cortex; VOT, ventral occipitotemporal cortex; x, distance (mm) relative to midsagit-
tal plane (1, right; 2, left); y, distance (mm) relative to anterior commissure (1, anterior; 2, posterior); z, distance (mm) relative to inter-
commissural line (1, dorsal; 2, ventral).
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Figure 2.

Men and women compared during tactile sexual genital stimulation. A: Genital stimulation-related effects were assessed by compar-

ing scans of sexual tactile genital stimulation with scans of a non-sexual passive resting state. Green shading indicates clusters more

activated in men than in women and red shading clusters more activated in women than in men. Shared activations are depicted in

‘‘hot’’ metal shading, shared deactivations in blue shading. The threshold for all rCBF changes depicted in the figure is P < 0.001

(uncorrected for multiple comparisons), corresponding to t 5 3.15. Sections are lined-up from anterior (left section) to posterior

(right section), with the distance to the anterior commissure (in mm) indicated in the right top corner. B: Parameter estimates were

calculated for identified clusters using the region of interest analysis tool MarsBar (http://marsbar.sourceforge.net/). Each boxplot

depicts the percentage signal change in a particular region relative to its mean signal over all conditions for men (green) and women

(pink). The color of the anatomical label indicates, for the comparison STIM vs. REST, whether a region was activated more in men

than in women (green), more in women than in men (pink), or showed an effect in both gender groups (orange, activation; blue,

deactivation). Variance is indicated by 90% confidence interval bars. IPL-PPC, inferior parietal lobule, posterior parietal cortex; IPL-

SA2, inferior parietal lobule, somatosensory area 2; L, left hemisphere; MI/PMC, primary motor cortex and premotor cortex; MISC,

miscalleneous condition; ORG, orgasm condition; PMC, premotor cortex; rCBF, regional cerebral blood flow; REST, non-sexual rest-

ing state condition; t, t value; SII, secondary somatosensory cortex; STIM, sexual tactile genital stimulation condition; VOT, ventral

occipitotemporal cortex.



rCBF changes occurring in men and women

during orgasm

Shared rCBF increases were present in the left anterior
lobe of the cerebellar vermis. More caudally there was con-
joint activation in the region of the deep cerebellar nuclei,
and this cluster extended anteriorly to include the pontine
tegmentum. Decreases in rCBF common to both gender
groups were found in the prefrontal cortex (right medial
orbitofrontal, left lateral orbitofrontal, left dorsolateral) and
in the left temporal lobe (fusiform gyrus, superior tempo-
ral gyrus: Table II and Fig. 3).

Differential Contrasts

Gender differences during sexual tactile genital

stimulation: men > women

In men there was more activation in the right posterior
claustrum, the ventral occipitotemporal region, and the
posterior lobe of the cerebellar vermis (Table I and Fig. 2).

Gender differences during sexual tactile genital

stimulation: women > men

In women parietal areas in the left hemisphere were
more involved. Most notably, there was differential

activation in the posterior parietal cortex (PPC) and, more
anteriorly, somatosensory area 2. Additional larger activa-
tion in women was found in the left primary motor cortex,
and the right premotor cortex. Other clusters of larger acti-
vation in women were seen in the right PPC and the left
precuneus (Table I and Fig. 2).

Gender differences during orgasm: men > women

In men, the midbrain and the left lingual gyrus demon-
strated larger activation during orgasm (Table II and Fig.
3). The midbrain location corresponded with the periaque-
ductal gray matter (PAG).

Gender differences during orgasm: women > men

In women larger activation during orgasm was found in
the right insula (Table II and Fig. 3).

Scan order and orgasm repetition effects

No variance was explained by scan order or orgasm
repetition

DISCUSSION

This study aimed to investigate gender differences and
commonalities with respect to cerebral blood flow changes

TABLE II. Comparing brain activation of men and women during orgasm

Side Brain regions BA Voxels x y z t

Common activations for men and women
L Cerebellar vermis, anterior lobe – 279 26 256 28 4.31a

M Deep cerebellar nuclei/pons – 249 0 240 226 3.94a,b

Common deactivations for men and women
R Gyrus rectus (medial orbitofrontal cortex) 11 594 2 34 222 4.28a

L Inferior frontal gyrus (lateral/middle orbitofrontal cortex) 47 100 234 32 218 4.09a

L Middle frontal gyrus (frontal pole) 10 395 234 56 24 4.08a

L Superior frontal gyrus 10 93 226 46 28 3.81
L fusiform gyrus 20 33 246 232 230 3.72
L Superior temporal gyrus 22 38 244 216 8 3.57
L Medial frontal gyrus (frontal pole) 10 27 210 60 218 3.45a

L Inferior frontal gyrus 47 13 240 22 24 3.44a

L Middle frontal gyrus 9 26 234 24 38 3.36
Men > women
L Dorsal midbrain/periaqueductal gray matter (PAG) – 40 0 232 22 3.95b

L Lingual gyrus 19 23 226 256 24 3.54
Women > men
R Insula 13 230 40 220 14 4.33b

Within-gender, brain activation during orgasm was compared to brain activation of sexual genital stimulation (ORG vs. STIM). Gender
commonalities were found by conjunction and gender differences by mutual subtraction of these within-gender t contrasts. The statisti-
cal threshold for brain regions listed in the table is P < 0.001, uncorrected for multiple comparisons (t 5 3.15). Coordinates refer to the
MNI (Montréal Neurological Institute) coordinate system.
a Region included in a priori hypothesis.
b Region with proven relevance for sexual behavior.
BA, Brodmann’s Area; L, left hemisphere; R, right hemisphere; t, t value; x, distance (mm) relative to midsagittal plane (1, right; 2,
left); y, distance (mm) relative to anterior commissure (1, anterior; 2, posterior); z, distance (mm) relative to intercommissural line (1,
dorsal; 2, ventral).
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Figure 3.

Men and women compared during orgasm. A: Orgasm-related

effects were assessed by comparing scans of orgasm with scans

of sexual tactile genital stimulation. Green shading indicates clus-

ters more activated in men than in women and red shading

clusters more activated in women than in men. Shared activa-

tions are depicted in ‘‘hot’’ metal shading, shared deactivations in

blue shading. The threshold for all rCBF changes depicted in the

figure is P < 0.001 (uncorrected), corresponding to t 5 3.15.

Sections are lined-up from anterior (left section) to posterior

(right section), with the distance to the anterior commissure (in

mm) indicated in the right top corner. B: Parameter estimates

were calculated for identified clusters using the region of inter-

est analysis tool MarsBar (http://marsbar.sourceforge.net/). Each

boxplot depicts the percentage signal change in a particular

region relative to its mean signal over all conditions for men

(green) and women (pink). The color of the anatomical label

indicates, for the comparison ORG vs. STIM, whether a region

was activated more in men than in women (green), more in

women than in men (pink), or showed an effect in both gender

groups (orange, activation; blue, deactivation). Variance is indi-

cated by 90% confidence interval bars. DCN, deep cerebellar

nuclei; L, left hemisphere; LOFC, lateral orbitofrontal cortex;

MISC, miscellaneous condition; MOFC, medial orbitofrontal cor-

tex; ORG, orgasm condition; PAG, periaqueductal gray matter;

rCBF, regional cerebral blood flow; REST, non-sexual resting

state condition; STIM, sexual tactile genital stimulation condition;

t, t value; vermis-al, anterior lobe of cerebellar vermis.



during two phases of human sexual behavior, namely
orgasm and the preceding phase of tactile genital stimula-
tion. The main result of this study was that gender differen-
ces were most prominent during tactile genital stimulation,
while gender similarities were observed during orgasm.
It is highly unlikely that differences measured during

sexual tactile genital stimulation were caused by sexual
dimorphism of cerebral structures. First of all, our spatial
brain normalization entailed iterative non-linear warping
which effectively obliterates inter-individual structural var-
iance. Second, although structural gender differences exist
in amygdala, hippocampus and prefrontal cortex [Allen
et al., 2003; Cahill, 2006; Luders et al., 2006], none of these
areas were identified in our study as being functionally
different between genders. In contrast, we found shared
rCBF changes in both the amygdala and prefrontal cortex.
Interestingly, we observed in our study that part of the
occipital lobe was activated more in men than in women,
a finding which has been demonstrated previously for
emotional tasks [Wager et al., 2003].

Sexual Tactile Genital Stimulation

Gender commonalities

The conjunction analysis confirmed results of our prior
publications demonstrating little overlap between penile
and clitoral stimulation with regard to activated brain
regions. Only two regions showed a tendency towards
activation in both gender groups, the left primary (SI) and
secondary (SII) somatosensory cortex. However, the con-
junction analysis did not corroborate animal studies which
suggest a shared neuronal substrate for the processing of
male and female genital afferent information during sexual
activity at the level of the brainstem and the diencephalon
[Baum and Everitt, 1992; Coolen et al., 1996; Kollack-
Walker and Newman, 1997; Marson, 1995; Marson and
Murphy, 2006; Marson et al., 1993]. This is intriguing
because penis and clitoris derive from the same embryonic
tissue and share a common peripheral somatic innervation
via the pudendal nerve. Taking this into account, one
might assume that common pathways in humans must
exist at the subcortical level for the sensory information
from the genitalia to reach the cerebral cortex. However,
the present study depicts discrepancies which may be
based on physiological differences between rodents and
humans. Conflicting results may also be due to the experi-
mental set-up or the restrictions of the scanning technique
used.
Consistent with our previous publications we show ac-

tivity decreases in the medial temporal lobe in both men
and women, most notably in the right amygdala and left
fusiform gyrus. Our results are also in line with the well-
established inverse relationship, demonstrated both by
clinical [Aloni and Katz, 1999; Baird et al., 2002] and neu-
roimaging [Bocher et al., 2001; Dimpfel et al., 2003; Mou-
lier et al., 2006; Redouté et al., 2000; Tiihonen et al., 1994]

studies, between activity in the temporal lobe and the
degree of sexual arousal. The present results strengthen
this concept, and, most importantly, show specific sites
within the temporal lobe in men and women, the right
amygdala and left fusiform gyrus, that might restrain sex-
ual arousal during a non-sexual resting state.

Gender differences

During tactile genital stimulation we observed higher
activation of the right posterior claustrum in men than in
women. The claustrum has extensive and mostly reciprocal
connections with the neocortex [for review, see Crick and
Koch, 2005], and functionally, has been linked to cross-
modal matching [Hadjikhani and Roland, 1998; Horster
et al., 1989] and multisensory integration [Naghavi et al.,
2007]. Studies using visual sexual stimulation (VSS) have
shown a positive correlation between claustrum activity
levels and the degree of penile turgidity [Arnow et al.,
2002; Redouté et al., 2000, 2005]. Arnow and colleagues
proposed that claustrum involvement reflects cross-modal
transfer of visual input to imagined tactile (penile) stimula-
tion [Arnow et al., 2002]. Following this line of thinking,
claustrum activation during sexual tactile genital stimula-
tion with eyes closed could point to cross-modal transfer
of genital sensory information to a visually imagined situa-
tion. Support comes from anatomical studies, showing that
the posterior portion of the claustrum is connected to vis-
ual cortical areas, at least in cat [Narkiewicz, 1964; Olson
and Graybiel, 1980] and monkey [Pearson et al., 1982].
Although no data were collected from our subjects that
could confirm stronger visual imagery in men during tac-
tile genital stimulation than in women, the idea remains
attractive: (i) next to the claustrum, men also had stronger
activation in the right ventral occipitotemporal region, a
visual area that is activated during visual imagery [Ishai
et al., 2000; Roland and Gulyas, 1995]. This is also consist-
ent with the meta analysis by Wager et al. which specu-
lated about the a higher sensitivity and attention to visual
stimuli in men in emotional paradigms [Wager et al.,
2003]. (ii) behavioral observations have shown that men
have a greater interest in visual sexual stimuli than women
[Laumann et al., 1994].
Higher levels of activation in women than in men was

found in clusters spread over the convexity of the left pari-
etal lobe and the adjacent posterior part of the left frontal
lobe. Expectedly, differential activation in somatosensory
area 2 (SA2), a somatosensory association area in the post-
central gyrus, was observed with higher activation in
women. A novel finding was strong differential activation
(P < 0.05, corrected) in the posterior parietal cortex (PPC),
the posterior portion of the inferior parietal lobule. In
addition to multi-sensory integration, other functions have
been ascribed to this region such as shifting attention,
stimulus selection, and movement planning. As such, the
PPC constitutes a key interface between sensory cortex
and motor areas in the frontal lobes, performing interme-
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diate operations for sensory-motor transformation [for
review, see: Andersen et al., 1997]. Indeed, motor regions
in the frontal lobe (left primary motor cortex and bilateral
premotor cortices) were also more strongly activated dur-
ing clitoral than during penile stimulation.
The question arises as to why tactile sexual genital stim-

ulation elicits such marked differences in frontoparietal ac-
tivity between men and women. One explanation could be
that the stimulation was not identical for both genders due
to the different physical properties of penis and clitoris.
For instance, in women often the entire vaginal vestibulum
was stimulated, and not only the clitoris. It is quite possi-
ble that in a region like SA2, where somatotopy is still
highly preserved [Young et al., 2004], such physical differ-
ences could lead to divergent activation across genders.
Another explanation is provided by mirror neuron theory,
which holds that certain neurons activate both during the
execution of an action and the perception of the same
action performed by another person. This may be a poten-
tial neural basis for individuals to understand each other’s
actions [Rizzolatti and Craighero, 2004]. Main elements of
this system, the premotor cortex, the inferior parietal
lobule, and the posterior parietal cortex, showed female-bi-
ased activation in the present study. Individuals with a
high capacity to sense the perspective of others, a trait that
is more often associated with women than men [Baron-
Cohen et al., 2005], display stronger activation in ‘‘mirror
areas’’ [Gazzola et al., 2006]. One might therefore assume
that our female subjects had a stronger ‘‘motor embodi-
ment’’ of their partner’s action (i.e. performing genital
stimulation). Left-lateralized primary motor and premotor
activation was consistent with right-handed stimulation of
the clitoris performed by the partner. Although premotor
activation in response to the sight of a hand action has
been reported to be more ventral than the location we
presently show (e.g. Buccino et al., 2001], dorsal premotor
activation similar to ours was found in response to heard,
but unseen hand actions [Gazzola et al., 2006]. Recall that
our subjects were unable to see their partner perform the
stimulation. Within the inferior parietal lobule the acti-
vated clusters were located posteriorly, corresponding to
simulation of hand/arm or possibly even leg/foot or pel-
vis actions [Buccino et al., 2001]. We want to stress that
this explanation remains speculative in the absence of data
on perspective taking.

Orgasm

Gender commonalities

Gender commonalities in brain activation during orgasm
were much more prominent than during the preceding
phase of sexual genital stimulation. Consistent with previ-
ous results [Georgiadis et al., 2006, 2007] there was pro-
found deactivation in the anterior part of the orbitofrontal
cortex (OFC) in men and women alike.

The OFC consists of functionally distinct regions [Krin-
gelbach, 2005; Kringelbach and Rolls, 2004; Öngür et al.,
2003] and here we adopt the tripartite terminology of Krin-
gelbach [2005] for the anterior OFC: LOFC—lateral OFC,
MiOFC—middle OFC and MOFC—medial OFC. We found
deactivated clusters on the border of LOFC and MiOFC
and also in the MOFC.
The LOFC has been extensively discussed in our previ-

ous work [Georgiadis et al., 2006, 2007], primarily because
of its role in urge suppression and behavioral release
[Beauregard et al., 2001; Dougherty et al., 1999; Small
et al., 2001], but the more medial areas have received less
attention.
The MiOFC is believed to specifically encode hedonic

experience, becoming activated with increasing satiation
and subjective pleasantness, and deactivated with feelings
of satiety [Kringelbach et al., 2003; Rolls, 2000]. Although
the temporal resolution of PET is relatively low, the
orgasm-related MiOFC deactivation probably reflects sati-
ety and not the hedonic experience of orgasm.
The MOFC constitutes a crucial part of a neural net-

work underlying self-monitoring and self-referential
thought [Gusnard et al., 2001; Northoff et al., 2006].
Another part of this network, the amygdala [Gusnard
and Raichle, 2001], was deactivated during tactile genital
stimulation relative to the non-sexual resting state, but
did not show further deactivation during orgasm (see pa-
rameter estimates for the right amygdala in Fig. 2B).
Deactivation of this network encompassing MOFC and
amygdala is generally associated with a more carefree
state of mind [Hariri et al., 2000]. The correspondence
with subjective descriptions of orgasm is striking indeed
[Mah and Binik, 2002].
The anterior lobe of the cerebellum was also activated

across genders. For detailed discussion of cerebellar
involvement in orgasm we refer to previous work [Geor-
giadis et al., 2006, 2007]. A novel orgasm-related effect was
the activation of the pontine extension of the cerebellar
cluster. In this part of the brainstem cerebellum-projecting
nuclei are located, but it is also the site for cardiovascular
and respiratory control centers, as well as for centers con-
trolling sympathetic tone. This corresponds well with the
peak state of cardiovascular arousal [Exton et al., 1999;
Krüger et al., 1998] and the high level of norepinephrine in
the cerebrospinal fluid [Krüger et al., 2006] that are found
during orgasm. Consistent with this finding is a study on
the neuronal correlates of mental and physical exercise in
humans, which showed that the pons and anterior lobe of
the cerebellar vermis were positively correlated with cardi-
ovascular arousal [Critchley et al., 2000].
One way to interpret the fact that gender commonalities

dominate the picture for orgasm is that the orgasmic expe-
rience is largely similar for both gender groups. Support
for this notion is provided by sexological research showing
that written orgasmic experiences of men and women
could not be differentiated by gynaecologists, medical stu-
dents, and psychologists [Vance and Wagner, 1976].
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Gender differences

Orgasm-related gender differences in brain activity were
sparse, but interesting: in particular, men had stronger
activation than women in the periaqueductal gray matter
(PAG). The PAG has a prominent role in the control of
reproductive behavior, at least in experimental animals
[Sakuma and Pfaff, 1979a,b]. Our data for the first time
indicate that the PAG may also be involved in human sex-
ual activity. Besides its role in reproductive reflexes, the
PAG is also known to be involved in vocalization, cardio-
vascular and respiratory arousal, and pain suppression
[for review see Holstege et al., 1996]. Our finding also cor-
responds with the observation in male human opiate
addicts that the PAG was activated after intravenous
administration of heroin [Sell et al., 1999], which could
point to orgasm-related, male-biased endogeneous opiate
release in the PAG. Although the differential involvement
of the PAG in male and female sexual orgasm cannot be
explained at this point, it is potentially interesting and cer-
tainly merits further research.
Stronger activation in women than in men was seen in

the right posterior insula, but this effect appeared to be
driven exclusively by a deactivation in men (see parameter
estimates for the right insula in Fig. 3B). Therefore, we do
not consider this to be an effect that truly reflects female-
biased brain activation related to orgasm.

Comparison with gender differences found in

response to visual sexual stimulation

Most studies concerning the neurobiology of human sex-
uality have used visual sexual stimulation (VSS) to elicit a
state of sexual desire and arousal in subjects. Gender dif-
ferences in brain responses to VSS were investigated in
only two studies, which basically showed that men acti-
vated the hypothalamus and amygdala more than women
[Hamann et al., 2004; Karama et al., 2002]. As we have
demonstrated here, these effects were not present during
later stages of the sexual response. It is important to
understand, however, that VSS paradigms differ funda-
mentally from the paradigm we used, both with respect to
the sexual phase under investigation (sexual desire vs. sex-
ual ‘‘consumption’’) and the type of sexual stimulation
used (visual vs. tactile).
In rodents activation of the amygdala is important for

identifying sexual salience in distal olfactory and visual
signals [Newman, 1999; Parfitt and Newman, 1998], after
which sexual desire can be established. This is consistent
with amygdala activation demonstrated with VSS para-
digms [Beauregard et al., 2001; Ferretti et al., 2005; Gizew-
ski et al., 2006]. However, the present data clearly demon-
strate that amygdala activity decreases once the sexual act
commences. Supporting our finding are studies showing
that similar attenuated amygdala activity is characteristic
of euphoric mental states such as cocaine rush [Breiter
et al., 1997] and romantic love [Bartels and Zeki, 2004].

This change in amygdala activity may be crucial for pro-
longed sexual arousal during the sexual act.
In order to understand the absence of a gender effect in

the hypothalamus it is important to consider recent work
by Ferretti et al. [2005], who demonstrated that the hypo-
thalamus was activated during the onset of penile erection,
but not when sustaining it. In other words, once penile
erection has been established it can be sustained without
further marked activation of the hypothalamus, provided
that there is erotic stimulation.

Limitations and Considerations

Different experimental designs for men and women

The experimental design for men and women was not
identical (see Fig. 1) to accommodate for natural/biological
differences between male and female sexuality. For one,
slightly different tasks were performed. These were pooled
in the model as a separate mixed condition called ‘‘Misc.’’
As Figures 2B and 3B show, this mixed condition
explained little or no variance in brain activation. In addi-
tion, the scan order and the occurrence of multiple
orgasms differed between men and women. Potential
biases of these factors on gender related brain activation
were tested with separate extended models using covari-
ates of interest. No significant rCBF effects were found
when testing the scan order or orgasm repetition effects
independently.

Considerations concerning the orgasm condition

Orgasms are relatively short events so that orgasm scans
in the present study included peri-orgasmic events, e.g.
preorgasmic sexual arousal and postorgasmic satiety.
Because there was random variability in orgasm timing,
the relative contribution of pre-orgasmic vs postorgasmic
phenomena to the measurement was also variable.
It is likely that there was random variability in the dura-

tion of orgasms and hence in the contribution of orgasmic
phenomena to the measurement. Finally, orgasm duration
could be gender biased, but neither of these issues can be
addressed with the present data or with the PET technique
in its present form.
Concluding, brain regions reported for orgasm in this

paper must be considered orgasm-related rather than
orgasm-specific.

Effect size

Because of the lack of studies on sexual genital stimula-
tion and orgasm, we decided to use an uncorrected statisti-
cal threshold of P < 0.001 to increase the sensitivity of our
analysis. Caution should be taken, because of an associated
increased risk of false positives. We made sure, however,
to focus on the strongest effects (P < 0.05, corrected for
multiple comparisons), on effects that were expected
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beforehand, and on effects with proven biological rele-
vance for sexual behavior. Other studies can hopefully
benefit from our reports.

Absence of behavioral data

An important limitation is the lack of behavioral data.
Although in women rectal pressure measurements were
made and ratings about the perceived level of sexual
arousal were collected, no behavioral data were collected
in men. As a consequence, there is a possibility that the
reported gender effects are due to systematic differences in
experienced intensity or quality of stimulation and
orgasm.

CONCLUSION

Gender differences in brain activity were particularly
marked during tactile genital stimulation. Specifically, in
men the right claustrum and ventral occipitotemporal cor-
tex were activated more strongly, and in women left
fronto-parietal areas. Gender commonalities were sparse
during this phase. For the orgasm phase a different picture
emerged: The gender commonalities dominated the pic-
ture, most notably in the orbitofrontal cortex, whereas the
only prominent gender difference was observed in the
midbrain PAG. Translating these neuroimaging results to
actual sexual behavior, this could mean that men and
women have different ways to reach orgasm while under-
going tactile stimulation, but that their orgasmic experi-
ence is largely similar. These results could potentially ben-
efit treatment strategies for psychosexual problems.
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