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Abstract

The way women experience orgasm is of interest to scientists, clinicians, and laypeople. Whereas the origin and the function of a woman’s
orgasm remains controversial, the current models of sexual function acknowledge a combined role of central (spinal and cerebral) and peripheral
processes during orgasm experience. At the central level, although it is accepted that the spinal cord drives orgasm, the cerebral involvement
and cognitive representation of a woman’s orgasm has not been extensively investigated. Important gaps in our knowledge remain. Recently,
the astonishing advances of neuroimaging techniques applied in parallel with a neuropsychological approach allowed the unravelling of specific
functional neuroanatomy of a woman’s orgasm. Here, clinical and experimental findings on the cortico-subcortical pathway of a woman’s orgasm
are reviewed and compared with the neural basis of a man’s orgasm. By defining the specific brain areas that sustain the assumed higher-
order representation of a woman’s orgasm, this review provides a foundation for future studies. The next challenge of functional imaging and
neuropsychological studies is to understand the hierarchical interactions between these multiple cortical areas, not only with a correlation analysis but
also with high spatio-temporal resolution techniques demonstrating the causal necessity, the temporal time course and the direction of the causality.
Further studies using a multi-disciplinary approach are needed to identify the spatio-temporal dynamic of a woman’s orgasm, its dysfunctions and
possible new treatments.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Attitudes towards women’s sexuality in general, and orgasm
in particular, have varied throughout recorded history (Lloyd,
2005; Muchembled, 2005; Symons, 1979). Though repression
of both was not uncommon, and continues in some cultures
and religions to this day, there have been times when it was
viewed positively, and even celebrated (Muchembled, 2005).
Even with this complex historical background, several philoso-
phers, anthropologists, writers, anatomists, psychiatrists and
sexologists have nevertheless tried to decipher the sense, the
mechanisms and the function of a woman’s orgasm (e.g.,
Abraham, 2002; Basson, 2000; Buss, 2003; Hite, 1976; Kaplan,
1974, 1979; Kinsey, Pomeroy, Martin, & Gebbard, 1953; Levin,
1981; Lloyd, 2005; Masters & Johnson, 1966; Meston, Hull,
Levin, & Sipski, 2004; Mould, 1980; Symons, 1979; Whipple,
2002). The greatest advances have been made in identifying
the anatomy and physiology of the organs that are involved
during a woman’s orgasm (e.g., Alzate, 1985; Kaplan, 1974;
Levin & Wagner, 1985; Masters & Johnson, 1966; Mould, 1980).
By highlighting spinal- and cerebral-driven mechanisms on the
peripheral response, great insights have been made in under-
standing the crucial role of the central nervous system during
orgasm.

Because the neuropharmacology, neuro-endocrinology and
the spinal-driven components of orgasm have been addressed
in depth previously (e.g., Argiolas & Melis, 2003; Heaton &
Adams, 2003; Levin, 1981; Mah & Binik, 2001; McKenna,
1999, 2002; Meston et al., 2004; Rowland, 2006), we will not
review them in the present article. Rather, our article aims to
examine and provide a critical review of the current knowl-
edge about the cerebral network of woman’s orgasm. To our
knowledge, although neurophysiological research focusing on
the spinal cord driven mechanisms during orgasm does not
exclude the role of higher-order cognitive functions, the cerebral
network underlying a woman’s orgasm remains poorly known
and understood. Indeed, although cerebral correlates of sex-
ual function has been widely investigated and reviewed for a
man’s orgasm (e.g., Bancroft, 1999; Cohen, Rosen, & Goldstein,
1976; Coolen, 2005; Heath, 1972; Holstege, 2005; Mosovich
& Tallaferro, 1954; Tiihonen et al., 1994; Truitt & Coolen,
2002), the functional cerebral organization of a woman’s orgasm
has been comparatively underrepresented in neuropsychological
science. Forty years after Kinsey’s and Master’s and Johnson’s
pioneering research, there is still great potential for advance-
ment in the understanding of women’s orgasms by studying
neuroimaging and neuropsychological data in the framework of
current models of sexual function. Thus, our review presents: (i)
the definition of a woman’s orgasm; (ii) the manifestations of a
woman’s orgasm; (iii) the inter- and intra-individual variations in

the normative response of a woman’s orgasm; (iv) the spinal and
supra-spinal influences on the mediation of a woman’s orgasm;
(v) the neuroendocrine influences on a woman’s orgasm; (vi)
the recent clinical and neuroimaging studies unraveling the neu-
ral basis of a woman’s orgasm; and (vii) the gender differences
in orgasm. This review also informs clinicians about assessing
potential orgasm disorders that might occur after brain dam-
age. Finally, we discuss future empirical directions and clinical
applications.

2. Definition of a woman’s orgasm

A major problem in defining orgasm1 is the discrepancy
between subjective descriptions and objective physiological
signs, forcing most researchers to describe only the observed
physical changes (e.g., Glenn & Kaplan, 1968; Kaplan, 1974,
1979, 1987; Kinsey et al., 1953; Ladas, Whipple, & Perry, 1982;
Levin, 1981; Levin & Wagner, 1985; Mah & Binik, 2001, 2005;
Masters & Johnson, 1966; Vance & Wagner, 1976). The change
of state of consciousness also makes it difficult for a woman
experiencing orgasm to describe the experience with precision
until she returns to a “normal” state of consciousness (e.g.,
Levin, 1981).

Despite all these difficulties, Meston and colleagues recently
offered the following effective definition: “A woman’s orgasm
is a variable transient peak sensation of intense pleasure, creat-
ing an altered state of consciousness, usually accompanied by
involuntary, rhythmic contractions of the pelvic striated circum-
vaginal musculature, often with concomitant uterine and anal
contractions and myotonia that resolves the sexually-induced
vasocongestion, usually with an induction of well-being and
contentment” (Meston et al., 2004). This definition is adopted
for this paper.

3. Manifestations of a woman’s orgasm

There is consensus that a woman’s orgasm involves a tran-
sient peak of intense sexual pleasure associated with rhythmic
contractions of the pelvic circumvaginal musculature, often with
concomitant uterine and anal contractions (e.g., Kaplan, 1974,
1979, 1987; Kinsey et al., 1953; Levin, 1981; Mah & Binik,
2001; Masters & Johnson, 1966; Meston et al., 2004; Mould,
1980; Vance & Wagner, 1976). In the tradition of Masters and
Johnson, who described a four-stages model of sexual response,
orgasm follows the phases of excitement and plateau; and pre-

1 The word “orgasm” is derived from the Greek word orgasmos, from orgâo
and organ, which means: ‘to swell up’, ‘to be excited’. Its fundamental etymo-
logical root ‘varg’ means ‘to move’, ‘to act’. Derived from the Sanskrit ûrg’as,
from the verbal root urj, orgasm also means strength and energy.
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cedes a resolution phase (Masters & Johnson, 1966). In 1979,
Kaplan added the concept of desire to the Masters and John-
son’s linear model and condensed the sexual response into three
phases: desire; arousal; and orgasm (Kaplan, 1979). In brief,
a key postulate of Kaplan’s model is that these three phases
are mediated by separate and interconnected neurophysiological
mechanisms; desire is generated by limbic activation, whereas
arousal and orgasm is mostly connected with the stimulation of
reflex pathways in the spinal cord (Kaplan, 1974). The orgasmic
stage happens when excitement seems to go over the edge and a
crescendo is reached (Kaplan, 1974; Masters & Johnson, 1966).
A woman’s orgasm is accompanied by 3–15 involuntary rhyth-
mic contractions of the pelvic circumvaginal musculature with
concomitant uterine and anal contractions (Kaplan, 1974, 1979;
Ladas et al., 1982; Levin, 1981; Levin & Wagner, 1985; Mah &
Binik, 2001; Masters & Johnson, 1966; Meston et al., 2004).

These contractions usually occur at 0.8-s intervals (Masters
& Johnson, 1966). According to Masters and Johnson, “the
orgasmic stage is limited to those few seconds during which
the vasoconstriction (such as sex flush) and myotonia (such as
carpopedal spasm, a spastic contraction of the striated muscu-
lature of the hands and the feet) developed from sexual stimuli
are experienced” (Masters & Johnson, 1966). More precisely,
orgasm may last several seconds (from 3 to 26 s) or longer
(∼2 mn) (Kaplan, 1974; Kratochvil, 1993; Levin, 1981; Levin &
Wagner, 1985; Masters & Johnson, 1966). Other physiological
manifestations also occur during orgasm, such as tachycardia,
hyperventilation (with an orgasm lasting more than 5 s), blood
pressure rise, and involuntary vocalizations (cries, exclamations,
screams) and/or involuntary spoken self-report, and perspira-
tory reaction in the immediately post-orgasmic time sequence
(e.g., Kaplan, 1974, 1979, 1987; Kinsey et al., 1953; Levin,
1981; Masters & Johnson, 1966). For instance, according to
Masters and Johnson, “tachycardia is a constant accompani-
ment of orgasmic experience, with cardiac rates running from
110 to beyond 180 beats per minute. Increase of blood pressure
also is a constant finding. The systolic pressures are elevated by
30–80 mm and diastolic pressures by 20–40 mmHg (Masters &
Johnson, 1966). In addition, a woman’s orgasm is also associ-
ated with a slight clouding of consciousness (e.g., Levin, 1981;
Masters & Johnson, 1966).

4. Inter- and intra-individual differences of a woman’s
orgasm: a cognitive differentiation?

When women are sexually stimulated, and if the stimulus is
maintained and adequate in intensity and duration, it can lead
to a culmination of induced sexual arousal that causes a broad
variety of mental and physical manifestations that are normally
described as the experience of an orgasm. Nevertheless, there is
enormous variation in the ease with which women can achieve
orgasm (e.g., Kaplan, 1974; Kinsey et al., 1953; Levin, 1981;
Masters & Johnson, 1966). For instance, woman’s orgasm can be
triggered by various erotic stimulations of different genital sites
that induce many different types of orgasms (such as clitoral,
vaginal, or blended; Alzate, 1985; Glenn & Kaplan, 1968; Ladas
et al., 1982; Levin, 1981; Levin & van Berlo, 2004; Masters &

Johnson, 1966; O’Hare, 1951). Clitoral stimulation is a primary
source of sensory input for triggering woman’s orgasm; even
during coitus alone, indirect or direct clitoral stimulation may
occur (e.g., Kaplan, 1974, 1987; Kinsey et al., 1953; Masters &
Johnson, 1966; Meston et al., 2004). Digital stimulations of the
upper vaginal wall (which includes the so-called Grafenberg or
“G” spot) can also induce orgasm in women who are especially
sensitive to such stimulation (e.g., Ladas et al., 1982). Other
sources also argue that orgasm may result from a combined
clitoral and vaginal stimulation (blended orgasm; Alzate, 1985).

Some women may also experience orgasms after erotic stim-
ulations of non-genital sites (Kaplan, 1974, 1987; Kinsey et
al., 1953; Ladas et al., 1982; Levin, 1981; Levin & van Berlo,
2004; Masters & Johnson, 1966; Whipple, Ogden, & Komisaruk,
1992). For instance, different types of tactile stimulation, such
as stimulation of the breast/nipple can induce a woman’s orgasm
(e.g., Kaplan, 1987; Masters & Johnson, 1966). This suggests a
general orgasmic principle of building up pleasurable excitation
from different parts of the body.

Women may also sometimes achieve orgasm through sexual
fantasies, mental imagery or during sleep without any tac-
tile stimulation (Henton, 1976; Kaplan, 1987; Money, 1960;
Whipple et al., 1992). For example, Whipple and colleagues
observed in 10 women that orgasms after mental imagery
induced physiological changes (heart rate, pupil diameter, sys-
tolic blood pressure) of a magnitude comparable to those
obtained after genital self-stimulation (Whipple et al., 1992).
Nevertheless, these results have to be interpreted with caution
because the small sample of participants may have limited utility
in explaining orgasm in the population of women as a whole. For
a better understanding of orgasms without genital stimulation,
further studies combining measurements of perineal contrac-
tions and self-reports would be useful.

There is great variation in the frequency and type of orgasm
(Darling, Davidson, & Jennings, 1991; Kaplan, 1974, 1979;
Masters & Johnson, 1966; Whipple, 2002). Five to 10% of
women in the United States have never experienced orgasm by
any means of self or partner stimulation” (Spector & Carey,
1990). On the other hand, some women can have one orgasm
right after another (serial multiple orgasms) and/or a series of
orgasms that come close together (2–10 min apart; sequential
multiple orgasms), although under other circumstances the same
women may be totally satisfied after one orgasm (Darling et
al., 1991; Ladas et al., 1982; Mah & Binik, 2001; Masters &
Johnson, 1966; Meston et al., 2004). According to Masters and
Johnson, women with multiple orgasms return to the plateau
phase of excitement after each orgasm, and do not progress
into the resolution phase until after the last orgasm (Masters &
Johnson, 1966). In order to explain the inter-individual differ-
ences of a woman’s orgasm, Kaplan also suggested that orgasms,
like all reflexes, have a range and distribution of different thresh-
olds (Kaplan, 1974, 1987). According to Kaplan, the female
orgasm seems to be distributed more or less along a bell-shaped
curve. Near the upper range are women who require only intense
genital stimulation to reach orgasm and at the very extreme are
women who can achieve an orgasm via fantasy and/or breast
stimulation alone (Kaplan, 1987).
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Recently, the variation in ability to orgasm has been assumed
to be modulated by genetic factors (at 34–45%; Dunn, Cherkas,
& Spector, 2005). Whereas this study, investigating mono- and
dizygotic twins, does not rule out cultural, environmental or
psychological influences on a woman’s sexual dysfunction,
it does suggest that heredity might influence both masturba-
tion and intercourse outcomes, particularly among identical
twins. However, the authors did not look at sex frequency or
satisfaction. They also did not examine whether genetic pre-
dispositions to certain illnesses or biological disorders and also
to certain similar cerebral correlates between twins could be
involved. Further studies have to be performed to confirm these
results.

Because several inter- and intra-individual differences exist
regarding these various physiological manifestations, one might
wonder what is the role of cognition during orgasm. Several
studies have demonstrated that physiological manifestations of
orgasms can be functions of a woman’s age, her comfort level
(with partner and with surroundings), her energy level (level of
stress and fatigue), the context, her partner, her education, her
experience, self-esteem, body-image, pleasure, satisfaction, or
her culture (e.g., Bancroft, Loftus, & Long, 2003; Basson, 2000,
2001; Kaplan, 1974, 1987; Kinsey et al., 1953; Levin, 1981; Mah
& Binik, 2001, 2005; Masters & Johnson, 1966; Meston et al.,
2004; Sholty et al., 1984; Whipple & Brash-McGreer, 1997).

For example, in a national survey of 987 women in
1999–2000, Bancroft, Loftus, and Long (2003) found that emo-
tional well-being and the quality of a relationship with a partner
had more effects on sexuality than aging. Clinical reports also
show that a woman can reach the phase of plateau without having
orgasms during intercourse with a specific partner, while she can
reach the orgasmic phase without difficulty with another part-
ner with whom she is in love. These inter- and intra-individual
differences speak in favor of a critical role of cognition during
orgasm.

Although Kaplan’s and Masters and Johnson’s models remain
the currently accepted models of sexual response by acknowl-
edging also a potential role of psychological factors during
orgasm (“orgasm is a psychophysiologic experience occurring
within, and made meaningful by, a context of psychosocial influ-
ence”; Masters & Johnson, 1966; “the thresholds of reflexes are
also influenced by other factors such as psychological inhibi-
tion, drugs and emotional states”; Kaplan, 1987), these models
have been recently called into question for a number of rea-
sons. Notably, many women do not move progressively and
sequentially through the phases as described, and some women
may not even experience all of the phases—for example, they
may move from sexual arousal to orgasm and satisfaction with-
out experiencing sexual desire, or they can experience desire,
arousal, and satisfaction but not orgasm (e.g., Basson, 2000,
2001; Levin & van Berlo, 2004; Whipple, 2002). Thus, efforts
have been made to further describe orgasm with multidimen-
sional psychological and biological data. For instance, Whipple
and Brash-McGreer proposed a circular sexual response pattern
demonstrating that pleasure and satisfaction play a crucial role
in a woman’s sexual experience, especially in the initiation of
the seduction phase of the next sexual experience (Bentler &

Peeler, 1979; Whipple & Brash-McGreer, 1997). This model
suggests that if the orgasm experience was pleasant and satis-
fying, it would lead to another experience, but if it was not, the
woman may not want to repeat the experience. This model of
female sexual function highlights that woman’s sexual response
does not conform to a linear model that describes only one type
of sexual response. A woman’s sexual experience encompasses
different components, such as self-esteem, body image, relation-
ship factors, pleasure, satisfaction (Whipple & Brash-McGreer,
1997).

More recently, Basson also proposed a circular model of
female sexual response that incorporates the importance of emo-
tional intimacy, sexual stimuli, and relationship satisfaction in
the perception of different sexual stimuli (Basson, 2000, 2001,
2002). This model acknowledges that numerous psychosocial
issues, including satisfaction with the relationship, self-image,
and past emotional sexual experiences, have a striking impact
on female sexual response. It also suggests that female sexual
functioning proceeds in a more complex and circuitous man-
ner than male sexual functioning, because the goal of sexual
activity for women may not be necessarily orgasm but rather
personal satisfaction (Basson, 2000, 2001, 2002). Thus, Bas-
son’s model characterizes orgasm as a physical satisfaction (a
pleasant feeling due to a combination of various orgasm-related
physiological manifestations), a conceptual satisfaction (a feel-
ing of intimacy and connection with a partner), or both (Basson,
2001).

Mah and Binik (2001) proposed another three-dimensional
model of the subjective orgasm experience including the sen-
sory, evaluative and affective dimension. According to Mah and
Binik, the sensory dimension corresponds to sensations arising
from physiological events (such as muscle tension or thermal
sensation). The evaluative (nonphysical) dimension (“How does
the orgasm feel?) represents the “subjective overall intensity
of the orgasm experience” (such as intensity) and appraisals
(such as pleasure, satisfaction, or pain). The affective dimen-
sion (“How does the person feel during orgasm?”) represents
both the positive and negative feelings at orgasm and imme-
diately after orgasm (such as, well-being, regrets, intimacy, or
love; Mah & Binik, 2001).

5. Spinal and supraspinal influences on the mediation of
a woman’s orgasm

Female orgasm is mediated by complex interactions of
somatic and autonomic nervous systems, operating at a central
(spinal and cerebral) and a peripheral level. The neurobiologi-
cal research of the physiological control of orgasm provides a
great opportunity to better understand the interaction between
peripheral and central mechanisms of female orgasm in a mean-
ingful way. Because the role of the spinal cord in orgasm and
its related neuropharmacology has already been described in
depth in previous elegant studies and reviews, we will not review
them in the present article (e.g., Mah & Binik, 2001; McKenna,
1999, 2002; Meston et al., 2004; Rowland, 2006). Nevertheless,
a brief summary will be provided to highlight the most important
findings.
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5.1. Modulation of woman’s orgasm response by the spinal
cord

The crucial role of the spinal cord in woman’s orgasm
response has been mostly emphasized by studies of spinal-
injured women. Findings from these studies demonstrate that
female orgasm implicates different neural pathways within a
reflexive neuromuscular negative-feedback loop, many of which
are similar to those in men (e.g., Komisaruk & Whipple, 1995;
Mah & Binik, 2001; Sipski, Alexander, & Rosen, 1995; Sipski
& Arenas, 2006). A large body of substantial evidence has
demonstrated the impact of specific spinal injuries (mostly lum-
bosacral) on orgasmic potential (e.g., Sipski et al., 1995; Sipski
& Arenas, 2006). On the other hand, there is also a strong level of
evidence for the occurrence of orgasm in spinal-injured women
(Mah & Binik, 2001; Meston et al., 2004). However, assess-
ment of spinal lesions is typically indirect, and more precise
measures of neuropathy and lesion characteristics are desirable.
Women with orgasm disorders (such as secondary or primary
anorgasmy) without spinal injury would also be appropriate to
study.

5.2. Modulation of spinal reflexes by supraspinal sites

The control of the urethrogenital reflex, a spinal sexual reflex
consisting of autonomic and somatic nerve activity and vaginal,
uterine, and anal sphincter contractions, has been demonstrated
to be also modulated by inhibitory and excitatory influence of
supraspinal sites (e.g., Mah & Binik, 2001; Meston et al., 2004;
Sipski et al., 1995; Sipski & Arenas, 2006). Overall, supraspinal
sites of female orgasm have been mainly localized in the nucleus
paragigantocellularis and the limbic system (hypothalamus and
its paraventricular nucleus, the medial preoptic area, nucleus
accumbens, amygdala, hippocampus, etc.; Mah & Binik, 2001
for review). Because both the urethrogenital reflex in rats and
orgasm in humans are controlled in part by a spinal pattern gen-
erator, studies on animals have provided great insights on the
understanding of this supraspinal modulation of female orgasm
(Meston et al., 2004). For example, the urethrogenital reflex
elicited by mechanical stimulation of the urethra or by electric
stimulation of certain brain areas of female rats is characterized
by a series of muscle contractions similar to those of orgasm
in humans (Mah & Binik, 2001; Meston et al., 2004). Electric
stimulations of the medial preoptic area of female rats elicited
the urethrogenital reflex even in the absence of genital stimu-
lation (e.g., Giuliano et al., 2001). Other animal studies have
also demonstrated that both sympathetic and parasympathetic
influences may be produced in female rats by electric stimula-
tions of the medial preoptic area. Interestingly, studies in female
rats have identified reciprocal connections between the medial
preoptic area/anterior hypothalamus and the lateral septum, bed
nucleus of the stria terminalis, the medial amygdala, several
hypothalamic nuclei (including the lateral, paraventricular, ven-
tromedial, arcuate), central gray, nucleus paragigantocellularis,
raphe nuclei (dorsalis and medianus), ventral tegmental area
(area supplying dopamine to the medial preoptic area and in
part regulating the reward associated with sexual behavior), and

the nucleus of the solitary tract (Mah & Binik, 2001; Meston et
al., 2004). Genital reflexes are also under tonic inhibitory control
by the neurons originating in the nucleus paragigantocellularis
and terminating in the lumbosacral spinal cord neurons, which
innerve pelvic viscera.

6. Neuroendocrine influences on a woman’s orgasm

The periaqueductal gray matter of the midbrain subserves
autonomic functions, and receives input from the medial preop-
tic area and from the area of the spinal cord in which the pudendal
and pelvic nerves terminate, and send outputs reaching, among
others area, the clitoris (e.g., McKenna, 1999, 2002; Meston et
al., 2004). Interestingly, the paraventricular nucleus is an inte-
grative site of the sympathetic and neuroendocrine systems (e.g.,
McKenna, 1999, 2002; Meston et al., 2004). For instance, at the
level of the paraventricular nucleus, a group of oxytocinergic
neurons projecting to extra-hypothalamic brain areas, including
the spinal cord (at a lumbosacral level), has been identified to
facilitate erectile function, muscle contraction (including those
of an orgasm) and copulation. Releases of oxytocin, the pep-
tide hormone known to be involved in psychological bonding,
attachment and love, have been also demonstrated to positively
correlate with the intensity of the human female orgasmic con-
tractions (Campbell & Petersen, 1953; Carmichael, Warburton,
Dixen, & Davidson, 1994; Mah & Binik, 2001; Meston et al.,
2004).

Levels of prolactin, another peptide hormone related to
attachment, are also consistently raised for 60 min in women
after orgasm as a neuro-hormonal index of sexual satiety (Exton
et al., 1999; Meston et al., 2004). Nevertheless, changes in
prolactin in the circulation are difficult to interpret, although
they may be “a useful epiphenomenon acting as a marker
of other changes in the neuroendocrine system” (Bancroft,
1999; Meston et al., 2004). Because this central control of
prolactin release from the anterior pituitary gland involves
dopaminergic and serotoninergic activity, prolactin increases
could reflect a decrease of hypothalamic dopamine or an increase
in hypothalamic serotonin, either or both of which could explain
loss of post-orgasmic arousability. For instance, a growing
body of research suggests that neuro-pharmalogical and neuro-
endocrinal changes following a woman’s orgasm are involved in
a loop that serves to decrease arousal through inhibitory central
mechanisms (e.g., Bancroft, 1999; Exton et al., 1999; Meston
et al., 2004). However, the functional role of prolactin increases
remains unclear. If prolactin increases correspond to an “orgas-
mic linked “off” switch for sexual arousal in men”, why do
they not induce similar effects in women who do not have a
refractory period after one orgasm (Meston et al., 2004)? It
might be hypothesized that prolactin increases are just a retro-
spective indicator that orgasm has indeed taken place (Meston
et al., 2004). On the other hand, a recent study in both men
and women has demonstrated that the magnitude of prolactin
increase following intercourse is 400% greater than that fol-
lowing masturbation (Brody & Kruger, 2006). Thus intercourse
may be more physiologically and psychologically satisfying
than masturbation (Brody & Kruger, 2006). This supports the



2650 F. Bianchi-Demicheli, S. Ortigue / Neuropsychologia 45 (2007) 2645–2659

assumption that not only is cognition tightly involved in orgasm,
but also that orgasm may play a crucial role in the cognitive abil-
ity to maintain healthy interpersonal relationships and healthy
psychological boundaries with other people (e.g., Basson, 2001;
Carmichael et al., 1994; Lloyd, 2005; Symons, 1979; Whipple
& Brash-McGreer, 1997).

Several studies have reviewed the influence of other
endocrine factors (such as estradiol) and neurotransmitters on
human sexual function, and notably on women orgasm (e.g.,
Ellison, 1998; Mah & Binik, 2001; Meston et al., 2004; Rowland,
2006). However, the role of particular hormones in orgasm is
discussed. For example, a positive association found between
testosterone and orgasm in both women and men may be medi-
ated by increased sexual desire and sexual activity (Mah & Binik,
2001). Moreover, female orgasm frequency is not systemati-
cally related to fluctuations in androgen levels throughout the
menstrual cycle (Mah & Binik, 2001). Increases of orgasm fre-
quencies have been reported just prior to ovulation, but different
measures of menstrual phases do not always correspond (Lloyd,
2005; Mah & Binik, 2001). Potential confounds (e.g., mood
fluctuations, stress, love intensity) must also be considered in
interpreting a pre-ovulatory peak in orgasm frequency (Mah &
Binik, 2001).

Research on neurotransmitters has looked at the facilitator
role of the cholinergic, adrenergic, and dopaminergic sys-
tems. The dopaminergic system facilitates sexual response, and
adrenergic, cholinergic, nitrergic, gamma-aminobutyric acider-
gic (GABA) play important roles as well (Duncan, Blacklaw,
Beastall, & Brodie, 1997; Mah & Binik, 2001; Meston et al.,
2004). Although some conflicting evidence exists, the central
serotoninergic system may play an inhibitory role (McKenna,
1999, 2002; Meston et al., 2004). These findings suggest that
any disruption of endocrine, neural, or vascular response –
caused by aging, disease, surgery, or medication – has the
potential to lead to changes in female sexual responses. Never-
theless, pharmacological data have to be interpreted with caution
because most drugs thought to primarily impact one neuro-
transmitter system more likely affect multiple, interconnected
systems through complex, non-linear actions that are not yet
completely understood. Although much progress has been made
in the past decades to understand the fundamental neurobiology
and neuroendocrinology of the nervous system and the complex
pathways involved during woman’ s orgasm, much remains to
be learned.

7. The cortex and limbic system

7.1. Neurological case reports

Although physiological factors are clearly involved during
orgasm, emotional, psychosocial and cognitive factors are also
strongly implicated as components of sexual motivation that are
crucial to sexual behavior. This standpoint has been acknowl-
edged in several studies (e.g., Bancroft et al., 2003; Basson,
2000; Kaplan, 1974, 1979; Mah & Binik, 2001, 2005; Masters
& Johnson, 1966; Whipple & Brash-McGreer, 1997). Never-
theless, the specific cerebral network underlying a woman’s

subjective experience of orgasm is not understood. The system-
atic study of patients with brain damage has provided critical
insights into the cognitive function of relevant brain areas (e.g.,
Broca, 1861; Corkin, 2002; Penfield & Jaspers, 1954). This
approach is of particular interest in the study of orgasm because
this phenomenon is difficult to test under laboratory condi-
tions in healthy volunteers (e.g., Levin & Wagner, 1985). The
study of the anatomical correlates sustaining the experience of
unexpected orgasms in patients without any psychiatric, gyneco-
logical, or hormonal disorders has suggested that spontaneous
orgasms are associated with cortical discharges, as indicated
by monitoring brain waves. [Spontaneous orgasms are mainly
caused by epileptic discharges (Janszky et al., 2002, 2004)]. Nev-
ertheless, reports of unexpected orgasms are rare in the clinic.
This paucity may be due to the subjective and intimate nature
of orgasms that makes spontaneous orgasms delicate to express.
Most of the patients are usually hesitant to provide information
about the sexual signs that may occur before their epileptic crisis
(signs also known as sexual and/or orgasmic aura, or warning;
Gastaut & Collomb, 1954; Janszky et al., 2002, 2004).

For a better understanding of this phenomenon, we focused
our review on female patients who experienced spontaneous
orgasms (Bancaud et al., 1970; Calleja, Carpizo, & Berciano,
1988; Chuang, Lin, Lui, Chen, & Chang, 2004; Crevenna,
Homann, Feichtinger, Ott, & Korner, 2000; Currier, Little,
Suess, & Andy, 1971; Erickson, 1945; Fadul, Stommel, Dragnev,
Eskey, & Dalmau, 2005; Freemon & Nevis, 1969; Gautier-
Smith, 1980; Heath, 1972; Janszky et al., 2002, 2004; Reading &
Will, 1997; Remillard et al., 1983; Ruff, 1980; Torelli & Bosna,
1958; Table 1). This approach allowed us to find 20 patients,
aged 20–57 years, who experienced spontaneous orgasms sub-
sequent to the recruitment of specific brain areas. Using Surface
and/or Depth EEG, CT-Scan MRI and/or SPECT techniques, the
neuro-anatomical investigation of these patients suggested that
80% of them had a temporal lobe epilepsy (70% focal and 11%
non-focal), 16% had an epileptic focus involving the frontal lobe
and 21% had some parietal discharges. Moreover we observed
that orgasmic aura mostly originated from the right hemisphere
(70%) versus the left hemisphere (21%). Note that 11% had
epileptic discharges in both hemispheres.

Taken together, these cases illustrate the central role of the
brain in a woman’s sexual function. Particularly, we found
that the temporal lobe plays a crucial role in the generation
of an orgasm, even if some parietal, para-sagittal, post-central,
and/or frontal activities have also been reported (Table 1). Ictal
somatosensory sensations in the genitalia are exceptional and
seem to be correlated to epileptic discharges in the centro-
parietal region (case#1, case#7, case#10; Table 1). This is
congruent with the cortical sensory representation of the gen-
italia within the paracentral lobule (Allison, McCarthy, Luby,
Puce, & Spencer, 1996; Baird, Wilson, Bladin, Saling, &
Reutens, 2006; Janszky et al., 2002, 2004).

Phenomenologically, these findings are consistent with the
fact that the medial temporal lobe is involved in various aspects
of sexuality (Ledoux, 1996; MacLean, 1952, 1990). The present
dominant involvement of the medial part of the temporal lobe,
including the amygdala, in generating spontaneous woman’s
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Table 1
Clinical data of the published women with orgasmic auras

Case Authors Year of
publication

Method Age of the
patient

Seizure types Symptoms Symptoms onset Brain areas specifically
involved in the orgasmic
sensation

Lateralization

1 Erickson 1945 Histology 55 Simple partial seizures,
secondarily generalized
tonic-clonic seizures

Paroxysmal vaginal
sensation with
orgasm-like pleasure

12 years before Parasaggital post-central
hemangioma

Right

2 Torelli and Bosna 1958 Histology 31 Aura, secondarily
generalized tonic-clonic
seizures

Paroxysmal orgasm Not reported Temporo-parieto-occipital
glioblastoma

Right

3 Freemon and Nevis 1969 Surface EEG right
carotid artheriogram

36 Aura, secondarily
generalized tonic-clonic
seizures

Orgasmic feeling and
verbalization of her
sexual needs

4 years before Temporal Right

4 Bancaud et al. 1970 Surface EEG,
computer tomography
(CT), depth electrodes

20 Complex partial seizures Orgasm with vaginal
secretion, epigastric
sensation then complex
partial seizures

9 years before (with a
16-year history of
epilepsy)

Temporal astrocytoma Right

5 Currier et al. 1971 Surface EEG 52 Nocturnal grand mal
seizures

‘Sexual’ seizures during
which she lay on the floor
on her back, lifted her
skirt, elevated her pelvis
rhythmically, made
vocalizations

2 years before (with a
37-year history of
epilepsy)

Temporal Left

6 Heath 1972 Depth EEG and
surface EEG

34 Aura, complex partial
seizures

Euphoria, pleasant
feelings, repetitive
orgasms (∼10–15 mn
after injection)

23 years before Septal region Bilateral

7 Ruff 1980 CT scan 43 Simple partial seizures Clitoral warmth,
tachycardia, pain, fear
with orgasm feeling

Not reported Parietal post-central
malignant glioma

Right

8 Gautier-Smith 1980 CT scan, histology 17 (case 4) Aura, complex partial
seizures, secondarily
generalized tonic-clonic
seizures

Genital secretion and
orgasm occasionally
followed by complex
partial seizures

Not reported Temporal oligodendroglioma Right

9 Remillard et al. 1983 CT scan, histology 22 (case 2) Complex partial seizures,
secondarily generalized
tonic-clonic seizures

Orgasm associated with
vaginal sensation,
followed by complex
partial seizures

Not reported Temporal gliosis Right

10 Calleja et al. 1988 Surface EEG, CT scan 41 Nocturnal somatosensory
seizures

Paresthesia in the right
lateral abdominal and
pubic regions and about
her genitalia, sensation of
vaginal dilatation,
orgasmic feeling

3 years before Centro-parietal region Left

11 Reading and Will 1997 Surface EEG 44 Pure aura, complex partial
seizures

Sudden internal and
ascending feeling
indistinguishable from an
orgasm while she was
driving

3 years before Fronto-temporal region Right
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Table 1 (Continued)

Case Authors Year of
publication

Method Age of the
patient

Seizure types Symptoms Symptoms onset Brain areas specifically
involved in the orgasmic
sensation

Lateralization

12 Crevenna et al. 2000 Surface long-term
EEG, MRI, CT scan

37 Complex partial seizures,
secondarily generalized
tonic-clonic seizures

Epigastric feelings,
Déjà-vu,
depersonalization,
spontaneous orgasms

5 years before (with a
9-year history of
epilepsy)

Temporal Right

13 Janszky et al. 2002 Depth EEG, magnetic
resonance imaging
(MRI), histology

25 Aura, complex partial
seizures

Paroxysmal orgasmic
feeling

20-year history of
epilepsy (date of the
first paroxysmal
orgasm unknown)

Hippocampal sclerosis Right

14 Janszky et al. 2004 Surface EEG,
subdural electrodes
MRI

37 Aura, complex partial
seizures, secondarily
generalized tonic-clonic
seizures

Orgasmic feeling
accompanied by an
abdominal sensation

26 years before Temporal lobe Right

15 Janszky et al. 2004 Surface EEG, MRI 46 Aura, complex partial
seizures, secondarily
generalized tonic-clonic
seizures

Déjà-vu and orgasm-like
euphoric erotic feelings

43 years before Temporal Right

16 Janszky et al. 2004 Surface EEG, MRI,
single photon
emission computed
tomography (SPECT)

56 Aura, complex partial
seizures, secondarily
generalized tonic-clonic
seizures

Orgasmic feeling
accompanied by an
abdominal sensation

31 years before Temporal Right

17 Janszky et al. 2004 Surface EEG, MRI 51 Complex partial seizures Oral and manual
automatisms, complex
scenic hallucinations,
orgasmic feelings

35 years before Temporal Bilateral

18 Janszky et al. 2004 Surface EEG, MRI 54 Aura, complex partial
seizures

Strange feeling in her
vagina accompanied by
an orgasmic feeling

42 years before Temporal Left

19 Chuang et al. 2004 Surface EEG, MRI,
SPECT

41 Aura, complex partial
seizures

Sudden feeling of sexual
arousal and experienced
orgasm-like euphoria very
similar to orgasms during
coitus, while brushing her
teeth

17 years before Temporal Right

20 Fadul 2005 Surface EEG 57 Aura Sudden pleasure
provoking feeling
described “like an
orgasm”

2 months before Temporal lobe Left
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orgasms corresponds to the well-known “positive” manifesta-
tions of sexual function (hypersexuality) that is observed after
the removal/damage of bilateral temporal lobes (Kluver–Bucy
syndrome; in animals: Kluver & Bucy, 1939; in humans:
e.g., Ghika-Schmid, Assal, De Tribolet, & Regli, 1995; Lilly,
Cummings, Benson, & Frankel, 1983). However, these results
are also inconsistent with some clinical studies including
patients with temporal lobe epilepsy that demonstrate “negative”
manifestations of sexual function, such as hyposexuality (e.g.,
Gastaut & Collomb, 1954). Although these discrepancies might
be due to the fact that most of the studies studying hypersexu-
ality do not specifically assess orgasm, but rather other phases
of woman’s sexual response (sexual desire and sexual arousal),
one could wonder whether orgasmic aura are related to cere-
bral changes due to epileptic discharges or to seizure-free status
after epilepsy surgery (Janszky et al., 2002). In the future, studies
should investigate this issue in the specific framework of orgasm
in order to understand whether this phenomenon is related to
inhibitory and/or excitatory mechanisms.

Although inter-individual differences for medical and
epilepsy history have to be taken into account before drawing
any definitive conclusion about the hemispheric lateralization
of a woman’s orgasm, the present review suggests that orgas-
mic sensations might be the result of the spread of focal activity
within the right hemisphere that might then be generalized to the
whole brain. Although orgasm is not a pathological symptom of
human sexual response, it can be assumed that epileptic orgasmic
aura are caused by electric discharges at the same brain regions,
which produce the physiological orgasm in healthy subjects.
This assumption is reinforced by the fact that most of the present
patients attributed their orgasmic aura to a feeling very similar to
one which they experienced during sexual intercourse or mas-
turbation (Bancaud et al., 1970; Calleja et al., 1988; Chuang
et al., 2004; Crevenna et al., 2000; Erickson, 1945; Fadul et
al., 2005; Freemon & Nevis, 1969; Gautier-Smith, 1980; Heath,
1972; Janszky et al., 2004; Janszky et al., 2002; Reading & Will,
1997; Remillard et al., 1983; Ruff, 1980; Torelli & Bosna, 1958).

On the other hand, because the medial temporal lobe is also
known to be involved in a broad variety of cognitive functions,
such as autobiographical and semantic memory, perceptual and

motivational functioning, facial recognition, emotion, includ-
ing feeding, fighting, fleeing, fear reactions (e.g., Ledoux, 1996;
MacLean, 1952, 1990; Moscovitch, Nadel, Winocur, Gilboa, &
Rosenbaum, 2006; Moscovitch et al., 2005), one might also won-
der what is the functional role of a woman’s orgasm. To elucidate
this question, systematic assessment of this phenomenon using
neuropsychological assessments and functional neuroimaging
techniques might be useful.

7.2. Functional brain imaging in healthy participants

Recently, the first brain imaging studies (PET and BOLD-
fMRI) during orgasm in women have been reported (Komisaruk
& Whipple, 2005; Komisaruk et al., 2004; Whipple &
Komisaruk, 2002). Whipple, Komisaruk et al.’s study was con-
ducted on the basis of a large number of studies demonstrating
that a significant number of women with spinal cord injuries are
still able to experience orgasm (e.g., Meston et al., 2004; Sipski
et al., 1995; Sipski & Arenas, 2006; Whipple & Komisaruk,
2002). Whipple, Komisaruk and colleagues recorded changes
in BOLD signal in three women experiencing orgasms (AP:
54, 1; EL: 40, 2; ED: 51, 21; subject identifiers, age in years,
number of years since spinal cord injury). For statistical anal-
yses, a contrast differentiating BOLD responses obtained in
response to vaginal cervical self stimulations (CSS) with and
without orgasm was calculated (Komisaruk et al., 2004). Statis-
tical results revealed higher overall activity during orgasm than
during cervical self-stimulation prior to orgasm (Komisaruk et
al., 2004). Critically, the orgasmic response activated the fol-
lowing brain regions: insula, limbic system (medial amygdala,
hippocampus, cingulate cortex, preoptic area and hypothala-
mus), nucleus accumbens, basal ganglia (especially putamen),
superior parietal cortex (post-central sulcus), dorsolateral pre-
frontal cortex, and cerebellum, in addition to lower brainstem
(central gray, mesencephalic reticular formation, and Nucleus
Tractus Solitarus). Interestingly, recordings of brain activity dur-
ing continuous CSS over an 8–12 min period allowed the authors
to show the buildup of activity of these different brain areas
involved in orgasm (Fig. 1). First, the medial amygdala, basal
ganglia (especially the putamen), and insula showed the earliest

Fig. 1. Chronological increase of BOLD-fMRI signal intensity in brain regions activated during cervical self-stimulation leading up to, and during, orgasm. Data
are shown for one woman. At the beginning of the stimulation, none of the seven brain regions showed activation (all “−”), whereas at orgasm each of these seven
areas was activated (all “+”). Adapted from Komisaruk et al. (2004).
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activation, then the cingulate cortex added to this activation, and
at orgasm, the nucleus accumbens, paraventricular nucleus of
the hypothalamus, and hippocampus became activated. Finally,
the orgasmic response was characterized by an overwhelmingly
strong pattern of activation over a broad and distributed neu-
ral network (Fig. 1). These findings support the hypothesis that
an orgasm results from a spread of neural activation all over the
brain, as suggested by the epileptic data we previously described.
Nevertheless, whereas these data illustrate the spatio-temporal
dynamic of orgasm, it is important to note that BOLD-fMRI does
not have a very high temporal resolution as 3D-EEG does with
its millisecond temporal resolution. Brain activation observed in
BOLD-fMRI data might sum up a succession of several brain
activations that occur over tens or hundreds of milliseconds.
Future studies should thus specifically address this issue in order
to better understand the temporal dynamic of a woman’s orgasm.

Despite this temporal limitation, the present high-spatial res-
olution fMRI results shed some light on the current models of
sexual function by specifying the brain areas that are involved
during a woman’s subjective orgasm experience. Based on pre-
vious functional studies, these results highlight the relationship
between this orgasm-related cerebral network and some specific
cognitive functions. First, the key location of this orgasm-
related cerebral network within or near the limbic system, which
is known to be crucial in human emotional processing (e.g.,
Ledoux, 1996; MacLean, 1952, 1990; Papez, 1995), is consis-
tent with the intense emotion felt during orgasm. For instance,
the nucleus accumbens is also activated during the intense plea-
sure felt during the opiate drug or nicotine “rush” induced by an
injection of nicotine (e.g., Stein et al., 1998). Furthermore, the
nucleus accumbens is involved rather in incentive motivation or
reward expectation than in basic affective responses related to
reward (e.g., Kampe, Frith, Dolan, & Frith, 2001; O’Doherty
et al., 2003). Similarly, the insula recently took a pivotal posi-
tion in reward processing and especially in prediction of future
reward (e.g., O’Doherty, 2004; Tanaka et al., 2004). Thus, mod-
ulation of neural activation in these brain areas could explain
inter- and intra-individual differences for “motive for sexual
intercourse” (Komisaruk et al., 2004). This assumption is in line
with current psychosocial models of sexual function, which sug-
gest that women often apprehend a novel sexual experience with
a partner as a result of contextual and other reward and moti-
vational factors that are encoded with that partner (Bancroft et
al., 2003; Basson, 2000; Mah & Binik, 2001, 2005; Whipple &
Brash-McGreer, 1997).

In addition, the present activation of the cingulate cortex
and medial amygdala during orgasm corresponds to their well-
known activation during various aspects of sexuality (e.g., sexual
arousal), regulation of the emotional life, reactivity to emotional
stimuli, perceptual and motivational functioning, memory and
facial recognition (e.g., Ledoux, 1996; MacLean, 1952, 1990).
The activation of cingulate cortex and medial amygdala could
also correspond to an oxytocin release, as we described above
(e.g., Carmichael et al., 1994). The implication of the amygdala
is also consistent with previous clinical studies that showed a
positive correlation between the size of the amygdala contralat-
eral to the epileptic focus and the sexual outcome of patients

after temporal lobe resection (i.e., larger contralateral amygdala
contributing to an increase or improvement of sexual behavior).

The involvement of the amygdala during a woman’s orgasm
has been recently questioned by Holstege, Georgiadis and col-
leagues (Georgiadis et al., 2006). In their positron emission
tomography (PET) scan study, 12 women 21–47 years of age
were submitted to four experimental conditions: a nonsexual
resting state, faking an orgasm, having their clitoris stimulated
by their partner’s fingers (sexual arousal control), and clitoral
stimulation to the point of orgasm. Results revealed that there is
a ‘shut down’ of some areas in the brain associated with anxiety
and fear, such as the left amygdala. As the women were stim-
ulated, activity rose in the primary somato-sensory cortex, but
fell in the amygdala, and hippocampus. During orgasm, activity
fell in other areas of the brain, including the ventromedial pre-
frontal cortex, compared with the resting state. When compared
with sexual arousal, orgasm was mainly associated with pro-
found regional cerebral blood flow decreases in the left lateral
orbitofrontal cortex, inferior temporal gyrus and anterior tempo-
ral pole. The authors propose that decreased blood flow in the left
lateral orbitofrontal cortex implies behavioral disinhibition dur-
ing orgasm, and that deactivation of the temporal lobe is directly
related to high sexual arousal (Georgiadis et al., 2006). During
faked orgasms, the absence of similar cerebral deactivation led
the authors to assume that a basic part of a real orgasm is letting
go. In parallel, a salient feature of brain regions activated dur-
ing orgasm was an activation of the cerebellum, dorsal primary
motor cortex, paracentral lobule (when compared with the rest-
ing state); and the left deep cerebellar nuclei (when compared
with sexual arousal). According to Georgiadis and colleagues,
the key to a woman’s orgasm seems to be a deep relaxation and
a lack of anxiety, with direct sensory input from the genitals
playing a less critical role.

On the other hand, the importance of cognition in woman’s
orgasm is also strengthened in Komisaruk et al.’s study by
the activation of other brain areas, such as the hippocampus.
The present activation of the hippocampus, an area known to
be needed for encoding and re-experiencing detailed episodic
and spatial memories and also to contribute to the formation
and assimilation of semantic memories (e.g., Moscovitch et al.,
2005, 2006), emphasizes that higher-order functional mecha-
nisms take place during woman’s orgasm (Bancroft et al., 2003;
Basson, 2000; Kaplan, 1974, 1979; Masters & Johnson, 1966;
Whipple & Brash-McGreer, 1997). Similarly, the activation of
the cingulate cortex and the insula (Komisaruk et al., 2004),
two brain areas also known to be implicated in pleasure, pain,
empathy, craving, partner selection, recognition of social signal
in other people’s faces and also both the self’s and the other’s
perspective taking (Carr, Iacoboni, Dubeau, Mazziotta, & Lenzi,
2003; Singer et al., 2004; Turk et al., 2004) reinforces the role of
cognition during a woman’s orgasm (Komisaruk et al., 2004).
For instance, the involvement of the insula and the cingulate
cortex in human empathy (e.g., Carr et al., 2003; Singer et al.,
2004, 2006) may suggest that women having an orgasm imagine
how the other perceives the situation and feels as a result.

The importance of higher-order cognitive functions in
woman’s orgasm is also emphasized in Komisaruk et al.’s study
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by the activation of the dorsolateral prefrontal and the superior
parietal lobe, which are known to play an important role in a vari-
ety of cognitive functions, such as decision making, risk-taking,
body image, motor imagery, integration of abstract representa-
tions, cognitive time management, and perspective taking (e.g.,
Jackson, Brunet, Meltzoff, & Decety, 2006; Krain et al., 2006;
Rorie & Newsome, 2005; Rubia & Smith, 2004).

Taken together, these results provide additional information
towards a better understanding of a woman’s orgasm, which is
partly a result of context and other cognitive factors, i.e., how
they feel about themselves (i.e., body image, abstract representa-
tion of the self) and their partner, how safe they feel emotionally
and socially, their closeness and their attachment, etc. (e.g.,
Bancroft et al., 2003; Basson, 2000; Heaton & Adams, 2003;
Kaplan, 1974, 1979; Mah & Binik, 2005; Masters & Johnson,
1966; Meston et al., 2004; Whipple & Brash-McGreer, 1997).
By specifying the brain areas involved in these mechanisms,
contemporary neuroimaging studies throw considerable light on
brain activity related to woman’s orgasm, as it has been done
previously in men (such as Graber, Rohrbaugh, Newlin, Varner,
& Ellingson, 1985; Heath, 1972; Heaton & Adams, 2003;
Holstege, 2005; Holstege & Georgiardis, 2004; Holstege et al.,
2003; McKenna, 1999; Mosovich & Tallaferro, 1954; Rowland,
2006; Tiihonen et al., 1994). This is of particular importance
in the field of neuropsychology where patients who suffer from
a brain injury may have impaired or affected orgasms. Further
studies should keep investigating this issue to reinforce these
results.

8. Gender differences in human orgasm

Since the pioneering research of Kinsey and then of Master
and Johnson, there has been considerable discussion about the
differences between female and male orgasm. While orgasms
are physiologically the same in males and females, it has often
been assumed that there are two distinct and easily distinguish-
able kinds of subjective experiences (Vance & Wagner, 1976).
This assumption is mostly based on the basic physical dispar-
ities between male and female orgasm concerning the orgasm
duration. For example, it is agreed that a man’s orgasm is often
more sudden and explosive in nature while a woman’s orgasm
is more prolonged and less violent (Meston et al., 2004; Vance
& Wagner, 1976). However, a study investigating the basic dif-
ferences between a man’s and a woman’s orgasm experience by
submitting 48 written descriptions of orgasm (24 men and 24
women) to 70 judges, demonstrated that subjective experience
of orgasm do not differ by gender (Vance & Wagner, 1976).

In this study, the judges (obstetrician-gynecologists, psychol-
ogists, and medical students) had to sex-identify the descriptions
and to discover whether sex differences could be detected. The
judges could not correctly identify the sex of the person describ-
ing an orgasm. Furthermore, male judges did no better than
female judges and vice versa. This suggests that men and women
share common mental [cognitive] experiences during orgasm.
Whether this is the case at the neurological level is a matter for
current neuroimaging data.

Many neurophysiological studies showed that both male and
female urethrogenital reflex is controlled in part by the spinal
cord, and by inhibitory and excitatory influence of supraspinal
sites, including the nucleus paragigantocellularis, the paraven-
tricular nucleus of the hypothalamus, and the medial preoptic
area (e.g., Heaton & Adams, 2003; Holstege, 2005; Mah &
Binik, 2001; McKenna, 1999; Rowland, 2006). Because there
has been very little research on orgasm in female animals, no
clear gender differences have been reported in animal models
(Giuliano et al., 2001; McKenna, 1999; Meston et al., 2004).

Neuroimaging studies carried out in healthy heterosexual
men have demonstrated the significance of brain phenomena
in sexual orgasm. Tiihonen et al. (1994), using single pho-
ton emission tomography (SPECT), reported ejaculation-related
decreased activation in all cortical areas, except for a signif-
icant increase in the right prefrontal cortex (Tiihonen et al.,
1994). Using positron emission tomography (PET), Holstege
et al. (2003) showed ejaculation-related activations in the
meso-diencephalic region (including the ventral tegmental area,
ventroposterior and intralaminar thalamic nuclei), putamen,
insula, and cerebellum. Activations in the right inferior frontal
gyrus (Brodmann area (BA) 47), parietal (BA 7 and 40) and
inferior temporal (BA 20 and 21) cortex were also observed.
Increased activations were also present in the precuneus (BA
23/31). In the left hemisphere, increased regional cerebral blood
flow (rCBF) was only found in a small portion of the supe-
rior frontal gyrus (BA 6). The visual cortex (BA 18) showed
increased rCBF bilaterally despite the fact that the volunteers had
their eyes closed. An important decrease of activation was found
in the medial amygdala (Holstege et al., 2003). Surprisingly, no
increased activation was observed in the male hypothalamus or
preoptic area, while activations of these brain structures were
observed in females (Komisaruk et al., 2004). The absence of
hypothalamic involvement in men may be explained in the fol-
lowing way: the temporal resolution of PET experiment may be
too limited (in comparison with other neuroimaging techniques
used in women, such as fMRI) to detect short-lasting events
occurring in the hypothalamus. This assumption is reinforced
by the absence of hypothalamus activation even in women dur-
ing a recent PET study carried out by the same authors (see
above, Georgiadis et al., 2006).

In a more traditional methodology, EEG studies of men have
also attempted to register brain activations during ejaculation
(e.g., Cohen et al., 1976; Graber et al., 1985; Heath, 1972;
Mosovich & Tallaferro, 1954). For example, Mosovich and
Tallaferro (1954) recorded EEG activity during the process of
masturbation-induced sexual orgasm without conclusive find-
ings, although visual inspection of the EEG records indicated a
generalized slowing of electrical activity with concomitant volt-
age increases. Heath (1972) recorded deep and surface2 EEG
activity in a man with a temporal epilepsy. EEG recordings
were obtained at two occasions when the patient’s arousal cul-
minated in orgasm: once, as a consequence of masturbation and
once through heterosexual intercourse. Deep electrodes were

2 Surface EEG showed only artifact (Heath, 1972, p. 10).
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implanted into a variety of deep sites (i.e., septal region, right
hippocampus, bilateral amygdalae, right anterior hypothalamus,
right posterior ventral lateral thalamus, left caudate nucleus, two
subcortical sites within the left lobe of the cerebellum), and
also in bilateral frontal and parietal lobe, and right temporal
lobe. During orgasm, deep EEG recordings revealed changes
of activity in the septal region (more pronounced in the right
than in the left), a brain site most consistently implicated in
the pleasure response (Heath, 1972). These changes in the sep-
tal region were concomitant with high-amplitude delta waves
in the amygdalae (more pronounced in the right than in the
left) and similar delta activity in the left caudate nucleus. With
onset of orgasm, the septal and thalamic recordings evolved into
spike and slow-wave activity. Interestingly, deep EEG record-
ings in an epileptic woman showed similar changes in the septal
region during orgasm (Heath, 1972). However, the presence
of result discrepancies found in the EEG literature moderates
Heath’s findings. Recently, Graber and colleagues showed no
remarkable changes in brain activity recorded from four men
during orgasm (compared to sexual arousal; Graber et al., 1985),
whereas Cohen et al. (1976), who recorded only two parietal
derivations on four men, demonstrated changes in left and right
parietal EEG activity. These changes were mainly characterized
by a large increase in the amplitudes in the right hemisphere
(Cohen et al., 1976). Why parietal sites were chosen was not
indicated. Interestingly, Cohen et al. found the same pattern of
response in two right-handed women and not in a left-handed
woman (Cohen et al., 1976). EEG evaluations of rare epilep-
tic men with orgasmic aura showed that paroxysmal orgasmic
feelings combined with abdominal aura are predominantly rep-
resented in the right hemisphere (Janszky et al., 2002). More
precisely, two men have been reported with a right temporal
lobe epilepsy and one man with a right parasagittal-postcentral
parietal lobe epilepsy (Janszky et al., 2002, 2004).

As it has been shown in EEG studies carried out on women,
orgasm in men is characterized by a change of cerebral activity
predominantly in the right hemisphere (at least in the initial steps
of orgasm). Moreover, both men’s and women’s orgasms show
activations in the septal region, temporal and parietal lobes.

Taken together, the present neuroimaging studies thus sug-
gest that both male and female orgasms implicate a common
distributed cerebral network, characterized by activation in the
following regions: insula, putamen, temporal, parietal, and pre-
frontal cortices, septal region and cerebellum. Yet, slight gender
differences have also been observed. For example, an activa-
tion of the medial amygdala has been reported in female orgasm
(Komisaruk et al., 2004) but not in men’s (except in Heath’s
study). However, this gender difference is challenged by a large
number of clinical studies demonstrating a clear involvement
of the mesial temporal lobe and particularly the amygdala in
the mediation of human sexual function (Baird et al., 2006). In
addition, other gender differences have been demonstrated in
human orgasm. More precisely, a woman’s orgasm specifically
involves the nucleus accumbens, anterior cingulate, hippocam-
pus, hypothalamus, and preoptic area, although a male orgasm
specifically involves the ventral tegmental area (a brain structure
connected to the nucleus accumbens via the mesolimbic path-

way and involved in a wide variety of rewarding behaviors),
thalamus, and visual cortex.

Nevertheless, these gender differences have to be interpreted
with caution due to some methodological differences between
male and female studies (such as orgasm-related motor con-
founds that may have been induced during online ejaculation in
men but not in women). Understanding the inter-relationships of
the brain mechanisms of human orgasm without methodological
issues will be an important challenge for future neuroimag-
ing studies that aim to assess this question. As a matter of
fact, neuroimaging studies on male orgasm report brain mecha-
nisms sustaining ejaculation as an indicator of orgasm. However,
although men usually experience orgasm and ejaculation in con-
junction with each other, ejaculation does not always occur at
the time of the subjective experience of orgasm. Thus, a new
methodological twist is needed in the study of the neural basis
of human orgasm based on some reports of men who ejaculate
without experiencing any orgasm pleasure during intercourse
(orgasmic anhedonia; Ralph & Wylie, 2005), men who sub-
jectively experience orgasm without ejaculation (such as men
suffering from spinal cord injury, e.g., McMahon et al., 2004;
Ralph & Wylie, 2005; Sipski & Arenas, 2006; or men with retro-
grade ejaculation, McMahon et al., 2004), and also on numerous
reports of women faking orgasm during intercourse with their
partner. Further studies should be done to: (i) clarify and better
understand gender differences in human orgasms; (ii) and also
to discern whether every orgasm-related cerebral activation is a
cause or an effect of human orgasm. For instance, further neu-
roimaging studies (e.g., combined EEG/fMRI studies) using the
same experimental set up for both men and women and focusing
rather on the subjective pleasurable satisfaction than the periph-
eral manifestations of orgasm could provide new insights in
the understanding of the neural basis of gender differences in
orgasm.

9. Conclusions

The discovery of central (spinal- and cerebral-driven) effects
during orgasm has implications regarding the mechanisms
underlying the physiological responses and also the way to
integrate women’s orgasm in part as a cognitive function. By
demonstrating which brain areas within and outside the limbic
system sustain a woman’s orgasm, the present review high-
lights how the heterogeneity of each brain area’s architecture
and their respective multifaceted functional connections imbue
the notable complexity of women’s orgasm experience. We hope
that the development of neuroimaging techniques applied in par-
allel with a neuropsychological approach will encourage new
work on the neuropsychology of orgasm. This new work can
then be integrated into multidimensional models of sexual func-
tion. Moving this research forward involves to better understand
the hierarchical interactions between the various orgasm compo-
nents, not only with a correlation analysis but also with combined
high spatio-temporal resolution techniques (such as, 3D-EEG,
fMRI, Transcranial Magnetic Stimulation, and Diffusion Tensor
Imaging) demonstrating the causal necessity, and the direction
of the causality of orgasm mechanisms. Mapping each step of
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human sexual response with a high spatio-temporal resolution
will have also significant clinical benefits aside from making
excellent educational material. Further multi-disciplinary stud-
ies are thus needed to identify the spatio-temporal dynamic of
woman’s orgasm, its dysfunctions, and possible new treatments.
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