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The Ins and Outs of Sexual Imaging
Golf and sex are the only two things you don’t have to be good at to

enjoy.

Kevin Costner in Tin Cup

M. Castillo, Editor-in-Chief

What happens inside the human body during sexual inter-

course has fascinated artists, scientists, and the public since

the start of humanity. Leonardo da Vinci (1452–1519) drew the

internal anatomy of a couple engaged in intercourse in “The Cop-

ulation” and suggested that connections between the penis, the

distal spinal cord, and the brain existed. In the Middle Ages and

the Renaissance, the act of sex was not scientifically studied. The

term “sexology” was first used in Victorian times to describe the

relationship between men and women.1 The idea of “sexual sci-

ence” originated in Germany and Italy, and the term “sexual med-

icine” was not established until the 1970s. In the United States, the

first physician who worked full-time in “diseases” of a sexual na-

ture was Harry Benjamin, who studied mostly trans-sexualism.

Perhaps one of the most common names associated with sexual

medicine is Alfred Kinsey, who collected the sexual clinical histo-

ries of more than 18,000 patients (a story entertainingly told by

T.C. Boyle in his novel The Inner Circle, Viking Adult, 2003).

Kinsey was the first to quantitate a few aspects of sexual be-

havior. His legacy lives on at the Kinsey Institute (http://www.

kinseyinstitute.org) at Indiana University in Bloomington. A few

years after the apparition of the “Kinsey Report,”2 Masters and

Johnson began their studies of sexuality, all of which culminated

with the creation of the International Society for Sexual Medicine,

which now publishes the Journal of Sexual Medicine (Impact Fac-

tor: 3.55). Today, sexual medicine is a serious and mature spe-

cialty that incorporates physicians, psychiatrists, psychologists,

and even neuroradiologists.

Sex has 2 goals: foremost reproduction and then pleasure. The

main brain region controlling pleasure and thus orgasm is the

medial preoptic area of the hypothalamus. In animals, stimula-

tion of this region elicits pleasurable sexual responses via sympa-

thetic (by way of the paraventricular hypothalamic nucleus) and

parasympathetic mechanisms.1 Axons from this region connect

with the nucleus paragingantocellularis in the ventrolateral me-

dulla, and axons from the latter extend down to the tip of the

spinal cord (here it is curious to note that during the Renaissance,

semen was thought to come down from the brain traveling by way

of a canal in the spine and following a path that somewhat

matches that of these axons). By way of the periaqueductal gray

matter, the medial preoptic area may inhibit the hypothalamic

nucleus, terminating the sensations of pleasure.

Direct observations of what occurs at the penis-vagina inter-

face during sex were initially made by Masters and Johnson, who

studied the mechanics of this activity by using an artificial penis (a

funny episode in the popular TV series “Masters of Sex” recounts

the experiments done with this instrument). Sonography was first

used to study copulation in 1999, but the images obtained were of

poor quality by today’s standards.3 Later in 1999, MR imaging was

used to study the state of the female genital and pelvic organs

during sexual arousal in 8 couples during 13 “encounters.”4 In

this study, in which one author was a radiologist, the main con-

clusion was that local responses were similar for pre- and post-

menopausal women. The article contains no MR images of the act

of coitus. In 2001, Faix et al5 asked a couple to have sex in the MR

imaging unit (in face-to-face or “missionary” position). The main

observation, among many uninteresting measurements that were

perhaps used to justify publishing such an article, was that in this

position the contact between the penis and vagina occurs mostly

at the anterior cul-de-sac and anterior vaginal wall. One year later

the same authors asked a couple (the same one?) to have inter-

course in the MR imaging unit again, also in missionary position,

and images showed that the internal contact between the organs

was different and occurred along the posterior cul-de-sac and

posterior vaginal wall.6 The images illustrating those articles are

not too different from the original da Vinci drawing previously

mentioned. The conclusions of this latter study were simply silly:

“Initially the aim of the study was to ‘copy’ the genius of Leonardo

da Vinci. We showed that an MR imaging scan of sexual inter-

course in two positions is feasible and artistic but not as artistic as

the images drawn by da Vinci.”6 I wonder whether today any

reasonable scientific journal would publish a study with these

conclusions!

MR imaging has also been used to map the spread of contra-

ceptive gel during both simulated and real intercourse.7 These

experiments offer important information regarding the spread of

intravaginal medications and how it relates to dosage (small or

large doses do not appear to make a difference). Studies have

found that gels spread evenly, covering the cervix and proving a

good contraceptive barrier.

What happens during sex at a local level is, from a neuroradi-

ologist’s point of view, not too interesting and for purposes of this

Perspectives, I will now attempt to summarize some of what pre-

sumably happens in our brains. Using fMRI, Meston et al8 studied

6 women while being shown neutral and erotic films, and all re-

ported moderate arousal to the latter. Areas that showed activa-

tion during sexual arousal included the inferior temporal lobes,

anterior cingulate gyri, insular cortex, corpus callosum, thalami,

caudate nuclei, globus pallidi, and inferior frontal lobes. In

women, the activation was bilateral, while in men it was unilateral

(mostly right-sided).9 A different study in a larger number of men

and women showed activations in the same regions and, in addi-

tion, in the medial prefrontal cortex, occipitotemporal cortex,

and amygdalae, but only men showed significant activation of the

hypothalamus.10 Some of the cortical areas were also activated

with other emotional stimuli and presentation of rewards. Thus, it

seems that female and male brains respond to sex differently (to

me, not surprising).

In males, stimuli leading to initial genital responses activate

the left frontal operculum, probably related to imagining the

forthcoming sexual act.10 Then, anticipatory motor and somato-http://dx.doi.org/10.3174/ajnr.A3898
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sensory imagery activates the left supramarginal gyrus and Brod-

mann area 2, respectively. A positive feedback mechanism conse-

quently increases the response of these brain areas, but the frontal

lobes also have the ability to disrupt these pathways and stop

related brain activations. During orgasm, prominent activation

has been shown in the paraventricular hypothalamic nuclei, peri-

aqueductal gray matter, hippocampus, and cerebellar cortex, con-

firming observations made previously in animal models. Stimu-

lation of the posterior pituitary lobe with release of hormones

such as oxytocin also occurs during orgasm in both animals and

humans.

Because fMRI can shed light on what happens during normal

sex, it has also been used to evaluate deviant sexual behaviors. It is

curious (and somewhat scary) that pedophiles activate the same

brain regions, albeit more intensively, than nonpedophile con-

trols.11,12 It seems that in sexually addicted individuals, the frontal

brain loses its ability to stop the positive feedback mechanisms

that recruit other brain regions, leading to widespread activa-

tions.13 DTI has also shown low diffusivity in the superior frontal

cortex in sexually addicted patients (similar results have been

found in other behaviors with abnormal impulsivity such as klep-

tomania, gambling, and eating).13 These observations suggest

that neurons and axons are abnormal or abnormally organized in

these regions in addicted individuals.

Because sex and love are related (not always, but fairly com-

monly), it is useful to explore what happens to the brain during

love. There are 2 types of love: passionate (being in love with

someone) and companionate (loving someone). The former is

more intense and though both types occur simultaneously early in

a relationship, they are different feelings that may not survive

together in long-term unions (with time, passionate love becomes

companionate). Passionate love is characterized by activations in

all dopaminergic brain regions and decreased activity of brain

areas associated with anxiety and fear.14 Most studies have shown

that the amygdalae tend to be deactivated during love, sex, and

orgasm, decreasing fear and anxiety and contributing to the feel-

ing of well-being experienced with love, sex, and orgasm.15 Con-

versely, in deviant sexual behaviors such as pedophilia, the

amygdalae activate abnormally.12 The brains of pedophiles ap-

pear to be more severely impaired than those of other sexual of-

fenders, including rapists, and some brain regions (such as the

basal frontotemporal ones) are affected in these and other delin-

quents and criminals of a nonsexual nature.

Romantic love is also ruled by the dopaminergic systems of the

brain. Love is primarily motivational and changes our habits to

please the person who receives it. Central features that both love

and sex share are intrusiveness and obsessive thinking, which are

involuntary and difficult to control. In individuals sustaining

long-term partners, the initial reward-value brain circuits remain

activated similar to new love. Serotonin production is elevated

with certain antidepressants, and this chemical must be present to

feel love, so there is a chance that individuals taking these drugs

may be unable to fall in love or have a tendency to fall out of it.

So, it seems that the mysteries of love and lust are starting to

become clearer with fMRI. Although the study of sex has gone in

and out of style many times, thanks to neuroimaging, it is defin-

itively in now.
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