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In men and women sexual arousal culminates in orgasm, with female orgasm solely from sexual intercourse
often regarded as a unique feature of human sexuality. However, orgasm from sexual intercourse occurs more
reliably in men than in women, likely reflecting the different types of physical stimulation men and women
require for orgasm. In men, orgasms are under strong selective pressure as orgasms are coupled with
ejaculation and thus contribute tomale reproductive success. By contrast, women's orgasms in intercourse are
highly variable and are under little selective pressure as they are not a reproductive necessity. The proximal
mechanisms producing variability in women's orgasms are little understood. In 1924 Marie Bonaparte
proposed that a shorter distance between a woman's clitoris and her urethral meatus (CUMD) increased her
likelihood of experiencing orgasm in intercourse. She based this on her published data that were never
statistically analyzed. In 1940 Landis and colleagues published similar data suggesting the same relationship,
but these data too were never fully analyzed. We analyzed raw data from these two studies and found that
both demonstrate a strong inverse relationship between CUMD and orgasm during intercourse. Unresolved is
whether this increased likelihood of orgasm with shorter CUMD reflects increased penile–clitoral contact
during sexual intercourse or increased penile stimulation of internal aspects of the clitoris. CUMD likely
reflects prenatal androgen exposure, with higher androgen levels producing larger distances. Thus these
results suggest that women exposed to lower levels of prenatal androgens are more likely to experience
orgasm during sexual intercourse.

© 2010 Published by Elsevier Inc.

Introduction

Although approximately 90% of women report orgasm from some
form of sexual stimulation, most women do not routinely (and some
never) experience orgasm solely from sexual intercourse (Lloyd,
2005). By contrast, nearly 100% of men routinely experience orgasm
solely from sexual intercourse. This gender disparity in the reliability
of reaching orgasm during sexual intercourse has been thought to
reflect evolutionary (Lloyd, 2005) or social (Hite, 1976) processes. An
anatomical explanation for this disparity has also been proposed such
that variation in the distance between a woman's clitoral glans and
her urethra predicts the likelihood that she will experience orgasm in
intercourse (Narjani, 1924).1 Specifically, it was proposed that if this
distance is less than 2.5 cm a woman is very likely to have orgasms
solely from sexual intercourse. This relationship has not been
statistically evaluated, but two historical studies provide data
supporting such a relationship (Narjani, 1924; Landis et al., 1940).

We use an unconventional approach to investigate the proposed
relationship between variation in women's genitals and orgasm
during intercourse. We first explore the history of this idea in the
scientific and popular literature and then present statistical analyses
of the two available historical datasets with data relevant to the
proposed relationship (Narjani, 1924; Landis et al., 1940). While there
are challenges to the validity of these data, we find them sufficiently
supportive of a relationship between women's genital anatomy and
the occurrence of orgasm in intercourse to feel that they can serve as
the basis for developing modern well-controlled studies of the
relationship between women's genital anatomy and the occurrence
of orgasm in intercourse.

Orgasm is the culmination of sexual arousal, and the promise of
orgasm may provide primary motivation for individuals to engage in
sexual intercourse. However, sexual arousal itself is rewarding and
likely common to the sexuality of all mammals. Studies of animals
have shown that sexual arousal is rewarding even when sexual
intercourse doesn't occur (Meisel et al., 1993). Certainly humans, at
least men, sometimes seek out activities, such as strip clubs, where
sexual arousal without orgasm is the primary goal and where sexual
intercourse is unlikely to occur. In male mammals, sufficient sexual
arousal leads to ejaculation and orgasm. Thus it is possible that
orgasm occurs in all male mammals. The case in females is less clear.
While there is evidence that female sexual arousal is rewarding
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1 Narjani is a pseudonym for the psychoanalyst Marie Bonaparte whose idea it was
that the distance between the clitoris and urethra affects the likelihood of woman
experiencing orgasm in intercourse. It is unclear why Bonaparte used the pseudonym,
which she revealed, without explanation, in her 1933 paper (Bonaparte, 1933).
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(Meisel et al., 1993), it is unclear whether humans, or possibly
primates, (Goldfoot et al., 1980), are unique in being the only animals
where heightened female sexual arousal culminates in orgasm. Even
in primates female orgasm is not universal, with little evidence of its
occurrence outside of humans. Even among women, at least 10%
report never having experienced orgasm. To further complicate
matters, there remains a lack of complete agreement on what
constitutes female orgasm (Meston et al., 2004; Komisaruk et al.,
2006). Although sexual arousal precedes orgasm in women, the
specific sexual stimulation that triggers orgasm varies greatly among
women. Women reach orgasm from direct clitoral stimulation,
indirect clitoral stimulation, vaginal stimulation or stimulation of
internal areas surrounding the vagina. Some women experience
orgasm solely from sexual intercourse, whereas other women require
concurrent stimulation of the external parts of the clitoris in order to
reach orgasm during sexual intercourse, and some women never
experience orgasm in intercourse under any conditions.

A period of increasing sexual arousal precedes orgasm, typically
from genital stimulation, in those women who experience orgasm.
Given the differences in male and female genitals it is likely that the
nature and extent of genital stimulation necessary for orgasm differs
between men and women. This appears to certainly be the case for
orgasms which occur solely from sexual intercourse.

A striking sex difference in the onset of the occurrence of orgasm
has been known for more than 50 years (Fig. 1). Post-pubertal males
routinely, and apparently easily, experience orgasm, as indicated by
their reliable ejaculatory reflex, but female orgasm appears to develop
more slowly and is less predictable thanmale orgasm.While there are
women who reach orgasm as easily and routinely as do men, and
some women who experience orgasmmore easily and multiple times
during a single session of sexual intercourse, this is not women's
typical experience with orgasm. This sex difference in the onset of
orgasm is illustrated by when the maximum number of men or
women have experienced orgasm. Fig. 1 illustrates the cumulative
incidence, across time, of males ejaculating (Kinsey et al., 1948) in
comparison to the cumulative occurrence of orgasm in women
(Kinsey et al., 1953). Ejaculation, and thus presumably orgasm,
increases from less than 5% of boys ejaculating, to 100%within a 5 year
span. By contrast, a more gradual developmental curve is evident in
women where the incidence of women experiencing orgasm
increases gradually across 25 years and never exceeds 90% (Fig. 1).
Taken together these data suggest that orgasm is a different
phenomenon in women than in men, occurring under different
developmental influences and likely reflecting genital differences
between men and women.

When orgasm is limited to orgasm occurring during sexual
intercourse, a striking difference in the distribution of its occurrence
emerges between men and women such that the distributions of men
and women who “never”, “rarely”, “sometimes”, “often”, “nearly
always” or “always” experience orgasm during sexual intercourse
differ markedly. In men this distribution has a single sharp peak
centered on “always” or “nearly always” experiencing orgasm during
intercourse. By contrast, the women's distribution is relatively flat
across categories with an elevation in the middle and smaller
frequencies at the endpoints of “never” and “always” (Lloyd, 2005).
Lloyd (2005) argued that this sex difference in the distribution of
orgasm supports strong evolutionary selective pressure on orgasm
during intercourse in men, but not women. The direct connection
betweenmale ejaculationduring intercourse and reproductive success
makes understandable the almost certainty of male orgasm during
intercourse. However, the source of the striking variability in the
occurrence of orgasm in intercourse among women is unknown,
though a number of theories have been proposed concerning its origin.

Freud posited that women's capacity to experience orgasm during
intercourse varied according to their psychoanalytic development. In
his view, girls initially experienced clitoral eroticism analogous to
boy's penile eroticism. As girls matured psychologically they transi-
tioned from clitoral eroticism to vaginal eroticism, which allowed
them to experience orgasm during vaginal intercourse (Freud, 1905).
In Freud's view, orgasm from vaginal intercourse reflected mature,
psychologically healthy sexuality whereas continued reliance on
clitoral arousal for orgasm reflected psychologically immature
development. Since the publication of Freud's theory of women's
sexuality “clitoral” orgasms have been contrasted to “vaginal”
orgasms, with vaginal orgasms regarded as reflecting appropriate
psychological development. The names don't actually indicate
different types of orgasms, but indicate the type of genital stimulation
triggering the orgasm. Since amajority of women do not routinely and
reliably experience orgasm solely from sexual intercourse (Lloyd,
2005), Freud's psychoanalytic arguments have resulted in feelings of
sexual inadequacy for those many women whose orgasms do not
result from vaginal stimulation. This view, that there is a mature and
psychologically healthy form of female orgasm, has become less
prevalent, but is still promoted more than 100 years after Freud's
proposals. For example, there are those who argue that women
experiencing orgasms in intercourse have better mental health than
women who reach orgasms through other means (Brody and Costa,
2008). Similarly, there are self-help programs whose goal is for
women to achieve orgasm solely from vaginal intercourse (Kline-
Graber and Graber, 1975). Thus orgasm solely from sexual intercourse
continues to occupy a significant place in women's sexuality. Given
that a majority of women do not routinely experience orgasm from
such stimulation (Lloyd, 2005), it seems incomprehensible that this
reflects that a majority of women are psychologically immature.
Instead this demonstrates the variability inwomen's orgasms and that
orgasm solely from sexual intercourse is not routine for most women.
The question remains unanswered as to why a minority of women
routinely experience orgasm solely from sexual intercourse, whereas
most women require other types of stimulation.

Women differ markedly in the type of genital stimulation that
reliably induces orgasm. On the one hand are women who reliably
trigger orgasm through vaginal or cervical stimulation without any
direct contact with the clitoral glans or shaft (Alzate, 1985; Komisaruk
et al., 2006). On the other hand are womenwho reliably reach orgasm
during intercourse only when there is concurrent direct clitoral
stimulation (Masters and Johnson, 1966; Fisher, 1973; Hite, 1976).
Surprisingly, since the '60s, the notion that some women experience
orgasm during intercourse solely from vaginal stimulation has been
questioned and currently the most common view is that all women's
orgasms during intercourse are triggered by direct or indirect clitoral
stimulation (Masters and Johnson, 1966; Sherfey, 1972; Hite, 1976).

Fig. 1. Illustrates the sex difference in the occurrence of orgasm in males and females in
relation to age. Males show a rapid transition from few boys experiencing orgasm prior
to puberty to all men experiencing orgasm soon after puberty. Women, by contrast
show a much more gradual developmental curve. Male data are adapted from Kinsey
et al. (1948) and the female data are adapted from Kinsey et al. (1953).
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As Sherfey, a psychoanalyst, put it, “The term ‘vaginal orgasm’ is
perfectly permissible as long as it is understood that the (penile)
thrusting is effective because it stimulates the clitoris”, (Sherfey, 1972,
p. 86). Thus there is a long history of the notion that clitoral
stimulation, direct or indirect, is required for women to experience
orgasm in intercourse.

Unfortunately, survey data on the occurrence of orgasm in
intercourse do not typically distinguish intercourse without concur-
rent clitoral stimulation from intercourse with concurrent clitoral
stimulation (see Lloyd, 2005 for a more complete discussion of this
issue). Thus current estimates provide imprecise information on the
proportion of women who routinely experience orgasm solely from
vaginal intercourse without concurrent direct clitoral stimulation.
Still, whether or not concurrent clitoral stimulation is specified, only a
minority of women report reliably experiencing orgasm from vaginal
intercourse. As Lloyd concluded, “… approximately 25% of women
always have orgasm from intercourse, while a narrow majority of
women have orgasm with intercourse more than half the time …
roughly one third of women rarely or never have orgasm from
intercourse”, (Lloyd, 2005; p. 36). It seems unlikely that most women
in these studies have concurrent clitoral stimulation during inter-
course because such stimulation is almost uniformly successful in
inducing orgasm (Fisher, 1973; Hite, 1976) and thus the percentages
of women experiencing orgasm in intercourse would be correspond-
ingly higher. It seems clear, however, that some of the variability in
female orgasm during intercourse stems from whether or not
intercourse itself produces clitoral stimulation.

Clitoral stimulation during sexual intercourse might reflect how
closely the clitoral glans and shaft are positioned relative to the
vaginal opening, affecting the likelihood that the male's penis would
stimulate the clitoris during vaginal thrusting. This distance varies
markedly among women, ranging from 1.6 cm to 4.5 cm between a
woman's clitoral glans and her urethral opening (a proxy for the
vaginal opening; Lloyd et al., 2005). However the relationship
between variation in this distance and variation in the occurrence of
orgasm during intercourse is not fully known.

The notion that women's orgasm during intercourse is related to
the location of the clitoral glans in relation to a woman's vagina was
suggested more than 85 years ago (Narjani, 1924; Dickinson, 1933;
Landis et al., 1940). Marie Bonaparte, using the pseudonym Narjani,
published the first data relating clitoral glans position to the
occurrence of women's orgasm during sexual intercourse (Narjani,
1924). Bonaparte measured the distance between the underside of
the clitoral glans and the center of the urinary meatus (CUMD)2 and
compared that distance to the likelihood that the woman experienced
orgasm during sexual intercourse. Bonaparte claimed that shorter
CUMD resulted in a higher incidence of orgasm in intercourse,
whereas longer CUMD produced a lesser likelihood (Narjani, 1924).
Published in 1924, Bonaparte's data were never subjected to statistical
analysis, as the appropriate statistical tests had not yet been invented.
Thus Bonaparte's conclusion of a relationship between CUMD and
orgasm in intercourse was based on inspection of the data leaving
unresolved whether there really is such a relationship and if there is,
the reliability and magnitude of the relationship.

Bonaparte (Narjani, 1924) argued that there were two types of
sexual nonresponsiveness in women, ‘frigidities’ as she termed them.
The first was a sexual anesthesia reflected in an inability to reach
orgasm from any type of stimulation, “internal or external”. Women

with the second ‘frigidity’ were very sexually responsive, orgasmic,
but were unable to achieve orgasm solely from coitus “Implacablement
insensibles pendant le coit, et le coit seul”, (Narjani, 1924, p. 770).
According to Bonaparte, the first ‘frigidity’ resulted from psychogenic
sources and was amenable to psychoanalytic treatment. It was the
second ‘frigidity’, the lack of orgasm during intercourse, that
Bonaparte thought nonresponsive to psychotherapy because she
thought it was biological, caused by thewoman's clitoris being located
too far from her vaginal opening to be stimulated by the man's penis
during sexual intercourse.

Bonaparte believed so strongly in this anatomical influence on
women's sexual response that she proposed treating this second type
of “frigidity” by surgically relocating the clitoral glans closer to the
vaginal opening in women not experiencing orgasm in intercourse
(Narjani, 1924). With the Austrian surgeon, Josef Halban, Bonaparte
created the Halban–Narjani procedure (Bonaparte, 1933) inwhich the
suspensory ligament of the clitoris was transected allowing reposi-
tioning of the clitoral glans closer to the vagina. Bonaparte, who
reported having high sexual interest, but never experiencing orgasm
from intercourse, received this treatment three times when the initial
treatment was ineffective (Thompson, 2003). Her genital surgeries
were ineffective in allowing her to experience orgasm from
intercourse. Similar to Bonaparte's experience, the surgical procedure
was not effective in the five women who received the clitoral surgery
(one of whom may have been Bonaparte) because they did not
experience orgasm during intercourse. Of the five, two disappeared
from follow-up, two experienced no clear change in their sexual
response, and one improved somewhat, but only while the surgical
site was healing from an infection. Once the surgical site healed, she
no longer experienced orgasm from intercourse (Bonaparte, 1933).
These results do not necessarily invalidate the theoretical premise of
the surgery, as the clitoral area is heavily innervated (O'Connell et al.,
2005). Thus it is likely that the surgical procedure, while repositioning
the clitoris closer to the vagina, may have also denervated the clitoris.
Whatever the reality of the surgery, by 1933, Bonaparte was
unconvinced by her 1924 data and rejected her earlier anatomical
interpretation as inaccurate. Making an argument that Dickinson
(1933) would later employ against the anatomical argument,
Bonaparte pointed out that there were women in her 1924 sample
with short CUMD who did not experience orgasm in intercourse and
women with long CUMD who did. Instead, she argued, psychoana-
lytical processes, not clitoral placement, determined whether or not a
woman experienced orgasm in intercourse (Bonaparte, 1933). Her
changed viewpoint likely reflected her experience as Freud's student
since 1927 (Thompson, 2003), as her 1933 paper recapitulated
Freud's conceptualizations of women's sexuality which were absent
from her original study (Bonaparte, 1933).

R.L. Dickinson (1933) and Carney Landis (Landis et al., 1940) next
collected data on CUMD and orgasm during intercourse. Although
Dickinson collected data on the genitalia of more than 5000 women
during his career as a gynecologist, he never summarized or published
his data, specifically the data on 200 women where he recorded their
CUMD and their occurrence of orgasm in intercourse. He referred to
this sample in his 1933 book, “Atlas of Human Sexual Anatomy”
(Dickinson, 1933), to refute, by example, Marie Bonaparte's conten-
tion that CUMD predicted orgasm in intercourse. Dickinson claimed,
as Bonaparte had in 1933, that his sample had women with short
CUMDs who never experienced orgasm in intercourse, and women
with long CUMDs who routinely did (Dickinson, 1933). However,
Dickinson presented no actual data to support his argument and to
our knowledge, no summary of the data from these 200 women he
measured has been published. Thus it is unknown whether the cases
Dickinson cites were isolated exceptions to amore common pattern in
which CUMD predicted the occurrence of orgasm in intercourse or
reflected the absence of a relationship between CUMD and orgasm in
intercourse as Dickinson claimed.

2 Bonaparte used the urethral meatus in preference to the vaginal opening
apparently because she thought it to have a consistent distance from the vaginal
opening and, being much smaller and less flexible than the vagina, it was easier to
consistently measure. Her assumption that the urinary meatus was a constant distance
from the vagina was likely incorrect as the urethra in women can be completely
separate from the vagina or within the vaginal opening itself (Dickinson, 1933).
However, CUMD has been used in all subsequent studies and there appears to be no
study in which actual clitoral–vaginal distance has been measured.
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Carney Landis, along with his wife Agnes and a colleague Marjorie
Bowles collected systematic data on CUMD and the occurrence of
orgasm in intercourse. Although there were 153 nonmentally ill
women in the study (the other 142 women in the study were
psychiatric inpatients), data on CUMD and orgasm were presented
only for the 44 married women in the study, for which there were
complete data for only 37. In addition, Landis et al. (1940) only
minimally analyzed their data, publishing a single 2×2 table
comparing the incidence of orgasm during intercourse (divided into
two groups, 40–100% and 0–30% orgasm incidence) in relation to
whether the subject's clitoris was “high” (CUMD of 3.5 cm or more) or
“low” (CUMD of less than 3.5 cm). The authors claimed that the
comparison was significant with 81% of women with low clitoral
placement experiencing orgasm in intercourse more than 40% of the
time, in contrast to 50% of the women with high clitoral placement.
However, neither the method of statistical comparison employed, nor
how an exact probability of 0.038was derived, or whether one or two-
tailed probabilities were used was described for this analysis. While
this single analysis supports that short CUMD is associated with a
higher probability of orgasm in intercourse, it is unclear whether
there is more convincing evidence within this dataset that might be
revealed by a more extensive statistical analysis.

Regardless of the lack of analytical detail in all of these studies the
notion that the placement of the clitoris relative to the vagina affected
orgasm response had a popular distribution and was presented as a
settled fact by authors of “marital sex manuals” of the era as well as
being presented in other publications over the last 80 years.

For example, van de Velde (1930, 1965), author of the most
popular marital sex manual of the 1930s to the 1950s, “Ideal
Marriage” offered the view that:

“… coital stimulation depends very much on individual structure,
For example, on the size of the clitoris, on the development of the
frenulum, on the position of the clitoris ( and there is considerable
diversity in these respects, especially in position, i.e., whether the
little organ is situated higher up on the front of the symphysis
pubis, or almost below it).” (van de Velde, 1930, pp. 178–179)

Later in the same chapter van de Velde (1930) asserted that such
high clitoral placement is associated with a small clitoris and terms
this clitoral size “… a certain degree of arrested development of genital
infantilism.”, stating that such “underdevelopment” is common in
Europe and America and concluding that “The small size and high
position of the clitoris which prevent its full stimulation in coitus have
therefore special significance.” This reference to “genital infantilism”
should not be seen as echoing Freud's distinction between clitoral and
vaginal eroticism. Van de Velde was specifically referring to the size of
the clitoris as his book promoted clitoral stimulation by the husband
as a crucial part of marital sexuality. He even offered encouragement
that regular stimulation of the clitoris would produce permanent
enlargement because as he put it, “… practice makes perfect” (van de
Velde, 1930). Of course no evidence is presented, nor has any been
found, that sexual activity permanently alters clitoral size. Still, the
clear message conveyed in these passages is that the configuration of
women's genitals significantly influences the likelihood that they will
experience orgasm from intercourse.

A similar conclusion was offered by Stone and Stone (1935)
authors of another best-selling marriage manual, “A Marriage
Manual”, where they stated:

“It is likely that the distance between the clitoris and the opening
of the vagina in the individual woman may have some bearing
upon her capacity to reach an orgasm during intercourse. The
higher the clitoris is located and the further away from the vaginal
entrance the less contact there is apt to be and the greater the
difficulty in obtaining a satisfactory climax.” (Stone and Stone,
1935, pp. 198–199).

The Stones described that they had measured the genitals of “a
large number of women”. Although they present no actual data, they
claim that the distance between the vagina and clitoris in their sample
varied from “one-half to two and a half inches with an average of one
and a half inches” (Stone and Stone, 1935). They concluded that,
although there is no consistent relationship, women with shorter
distances were “more apt to belong to the group who reach
satisfactory climax”, (Stone and Stone, 1935). Thus the idea, first
presented in Marie Bonaparte's work had widespread popular
dissemination. The origin of this idea in popular marriage manuals
is unclear as neither van de Velde, nor the Stones cite Bonaparte's, or
any other, research, as the source of the principle that distance from
the clitoris to the vagina influences the likelihood that a woman will
experience orgasm in intercourse.

JuddMarmor (1954), a psychoanalyst and sex therapist, presented
the idea that the distance between the clitoris and vagina was
important to women's achieving orgasm in intercourse, an idea that
was repeated in the “Hite Report”, (Hite, 1976). Both of these authors
present the same conclusion as did van de Velde and the Stones, but
do not cite any supporting data. We could find nomore recent data on
the relationship between clitoral placement and women's orgasmic
response in sexual intercourse than those presented in Narjani (1924)
and the Landis study (Landis et al., 1940).

In exploring the history of the idea that variability in women
experiencing orgasm in intercourse reflects genital variability we
discovered that Bonaparte (Narjani, 1924) published her raw data in
her 1924 paper and that the raw data for themarried sample in Landis
et al. (1940) were archived in the library of the Kinsey Institute for
Research in Sex, Gender and Reproduction. As both samples had
either never been statistically analyzed (Narjani, 1924) or only
minimally analyzed (Landis et al., 1940), we analyzed these samples
usingmodern statistical techniques unavailablewhen these datawere
collected. The analyses presented here of both the Bonaparte (Narjani,
1924) and Landis (Landis et al., 1940) samples support Bonaparte's
original contention that CUMD predicts the likelihood of women
experiencing orgasm during sexual intercourse. Although there are
significant differences between the two samples in both the
characteristics of the data and the extent of the relationship revealed
between CUMD and orgasm in intercourse, the results support the
likelihood than genital configuration contributes significantly to a
woman's potential to experience orgasm solely from sexual
intercourse.

Methods

Data for the analyses reported here were derived from raw data on
43 women published in Narjani (1924) and the original data records
obtained from The Kinsey Institute for Research in Sex, Gender and
Reproduction on the 44 married women described in Landis et al.
(1940).

Bonaparte sample subjects

Marie Bonaparte's data (Narjani, 1924) were published under the
pseudonym “A. E. Narjani” (as described in Bonaparte, 1933) and will
be referred to as the Bonaparte sample in this paper. The 1924 paper
contained summaries of genital measurements on 200 women in
Vienna and France, but for these women no data were presented on
orgasm occurrence. The raw data for an additional 43 women, likely
from France, possibly a subset of the 200 women, were presented in
Table 2 of the original article. These data consisted of genital
measurements (cm) and the occurrence of orgasm in intercourse
(yes or no) along with occurrence of orgasm from masturbation, age
of first intercourse, age of menarche, chronological age, and height.
Women in Narjani (1924) ranged in age from 20 to 62 with a mean
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age of 33.7 years. No information is provided about the samples'
ethnic makeup. All women had experienced sexual intercourse.

Bonaparte sample genital measurement

A detailed description of how the genital measurements were
obtained was included in the 1924 article. Fig. 2, derived from the
original article, illustrates how the distance from the glans clitoris to
the center of the urinary meatus (CUMD) was measured. The distance
from the clitoral glans to the urethral meatus is the primary
independent measure in this study. Bonaparte described that the
distance measured was from a small triangular area on the underside
of the clitoris delineated to the left and right by convergence of the
labia minora, which would correspond to the frenulum of the clitoris,
to the middle of the urinary meatus. Thus Bonaparte's measurements
did not include the clitoral glans itself, but were taken from its base or
underside. The arc in Fig. 2 illustrates the pubic arch but the
relationship between the arch and the clitoral glans is either poorly
illustrated or in error. As drawn it would suggest that in some women
the clitoral glans is actually well above the pubic arch, a location
which has never been reported for women's genitals.

Bonaparte sample measurement of orgasm

Description of the measurement of occurrence of orgasm is
limited to subjects being asked whether or not they had “a normal
reaction during sexual intercourse” (Narjani, 1924), with the
“normal reaction” undefined. However, Bonaparte clearly separates
orgasm solely from intercourse from other types of orgasms,
including ones in which the women's partner stimulates her clitoris
during intercourse (Narjani, 1924). From the manner in which
Bonaparte discusses “normal” sexual intercourse and from her own
concern about being unable to experience orgasm solely from
intercourse (Thompson, 2003), it is apparent that to Bonaparte a

normal reaction means orgasm solely from intercourse without any
concurrent clitoral stimulation. Thus, even though the article does
not provide a specific description of exactly what the women were
asked, it is most likely that the women were being asked whether
they experience orgasm during intercourse without any direct
clitoral stimulation. Subjects were also asked whether they experi-
enced orgasm from masturbation.

Landis sample subjects

The Landis et al. (1940) data, referred to as the Landis sample in
this paper, were derived from 44 married women ranging in age from
22 to 35 years with a mean age of 29.1 years. The primary focus of the
Landis study was comparing the sexuality of “normal” andmentally ill
women. Thus, the 44 married women were compared to a group of
women with diagnosed mental illness. Because of the diagnosis of
mental illness, none of the data from the mentally ill comparison
group was used in the analyses presented here.

Little ethnic information on the sample is available, but 78% were
Jewish, with 11% Catholic and 11% Protestant. Fifty nine percent of the
sample was foreign born, but it is unclear what this means. Complete
data, which included both a genital measurement and an assessment
of the occurrence of orgasm in intercourse, was available for 37 of the
44 subjects.

Landis sample genital measurement

All subjects in the Landis sample received a gynecological
examination which included measuring the clitoris to urinary meatus
distance. The same male MD gynecologist, who was not one of the
study's authors, collected all physical examination data, including
CUMD. It is not stated whether he was blind to the hypothesis under
test. However from the published study and the raw records there is
no evidence that the gynecologist had access to the interview data or
participated in any other part of the study other than the
gynecological examinations.

No detail is provided on exactly how CUMD measures were made
either in the published text, or on the raw data sheets. The data sheet
entry is simply “clitoral-meatus distance … cm” with a space to enter
the CUMD and signed at the bottom by the MD. It is not known for
certain whether CUMD was measured from the clitoral glans or from
the clitoral frenulum, as in Bonaparte's study, to the urinary meatus.
However, because theMD also measured clitoral glans width, it seems
likely that the measurement was taken from the clitoral glans to the
urinary meatus. This possible difference in measurement between the
two studies does not create problems for analysis within the Landis
sample, but makes comparisons between the Landis and Bonaparte
samples more difficult as measuring from the tip of the clitoral glans
would result in a larger CUMD than if the frenulum is used as the
clitoral marker.

Landis sample measurement of orgasm

Orgasm occurrence during intercourse was assessed during a
lengthy face to face interview done by one of the study's authors with
Bowles doing the majority of the interviews according to the
published text. This interview was more than 20 pages long and
encompassed much more than questions about sexual activity. The
relevant questions for the purpose of assessing the occurrence of
orgasm were in section V.4 of the interview (Landis et al., 1940) in
which the subject was asked the following questions

“How long were you married or how long had you been having
relations before you experienced your first satisfactory orgasm
with your present husband? Do you usually experience a climax
or orgasm when you have intercourse? About what proportion of

Fig. 2. Illustrates the measurements used to determine the clitoral-urinary meatus
distance (CUMD) in a sample of adult women. C, C′, and C″ are the location of the
clitoris, M is the location of the urinary meatus, p.l. are the labia minora (petites lèvres in
French), F is the fourchette of the vagina, and a,b is the arch of the symphysis pubis.
Bonaparte's CUMD measure was from the frenulum of the clitoris (underside of the
clitoral glans) to the center of the urinary meatus (adapted from Narjani, 1924).
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the time do you fail to experience it, i.e. about how many times
out of ten?” (Landis et al., 1940, p. 248).

An assistant transcribed the narrative answers on the raw data
sheets to a text file. These text entries were used to code whether or
not the woman had described ever experiencing orgasm in inter-
course. In addition, the reported failure rate for orgasm in intercourse
was used to calculate the percentage of intercourse that produced
orgasm for those subjects who experienced orgasm during inter-
course. Data derived from the text files were independently coded by
the first author and another investigator blind to the hypothesis that
CUMD influenced the likelihood of orgasm in intercourse. The data
sheets for coding contained only the answers to the questions
described above and contained no other information about the
subject, except the unique subject identifier assigned in the original
study. Thus there was no information about CUMD when the orgasm
data were coded. Initial comparison between the coders revealed
disagreement for what percentage of the occurrence of intercourse
was reflected in qualitative terms subjects used, such as rarely or
usually. A scale was created in which the following values were used
rarely=10%, sometimes=20%, often=60%, usually=80%, and almost
always=90%. When these values were applied to the uncoded data
there were no disagreements between the two coders, with the
exception of two cases. Two subjects were dropped because it was not
possible to determine whether these subjects experienced orgasm in
intercoursewith direct clitoral stimulation or from intercourse alone. In
both cases the subject described themselves as “helping their orgasm
along”. While there are a number of interpretations of this statement it
seemed most conservative to drop these subjects resulting in a total of
35 subjects for analysis.

Statistical analysis

Raw data from both studies were evaluated using SPSS 17 for
Windows. In addition to the data on CUMD, whether the woman ever
experienced orgasm in intercourse, and height, three additional
categories were obtained by dividing 100 percent orgasmic response
into thirds resulting in the following categories: a) whether women
experienced orgasm 33% of the time or less, b) whether they
experienced orgasm 34 to 66% of intercourse, and c) whether they
experienced orgasm 67 to 100% of the time. All of these are “yes” or
“no” categories. For the Landis sample actual percentages could be
used for analysis in addition to the derived categories, Because the
data in the Bonaparte sample were either 1 or 0 for the occurrence of
orgasm in intercourse, the derived percentage categories each
provided the same distribution of answers as did the occurrence of
orgasm in intercourse.

To determine the comparability of the two samples they were
compared on CUMD and height using independent t tests. Because the
records we obtained for the Landis sample didn't contain individual
ages, it was not possible to compare the samples' ages, but the average
age, which was reported in the 1940 book suggests that the age
distributions in the two studies were likely comparable. For both
samples Pearson product-moment correlations were made between
CUMD, height, and the occurrence of orgasm in intercourse for each
sample and for a combined sample of all of the data.

To assess whether CUMD is an effective diagnostic for predicting
the likelihood that a woman will experience orgasm in intercourse,
Receiver Operator Characteristic (ROC) curve functions (Griner et al.,
1981; Zweig and Campbell, 1993) were calculated for each sample
and the combined sample. ROC curve functions determine how much
the test factor, CUMD in this case, predicts the value of the dependent
factor, orgasm in intercourse in this study, expressed as the area under
the ROC curve that results from the relationship. A chance relationship
accounts for 0.5 of the area under the curve. Accounting for 1.0 of the
area under the curve means that the test variable perfectly predicts

the dependent variable. A probability estimate of the likelihood that
the indicated area under the curve accounted for occurred by chance
is generated by the ROC function allowing comparisons of different
areas from different populations.

We tested whether CUMD can accurately classify individuals by
performing discriminant analysis on CUMD to predict orgasm in
intercourse. We performed two analyses, in the first, data from the
Bonaparte sample were used to generate the discriminant function
and that function was then used to classify both the Bonaparte and
Landis subjects. The second analysis reversed the process using the
data from the Landis sample to generate the discriminant function
and then using that function to classify individuals in both data sets.
Whether the discriminant function classified subjects significantly
better than chance was assessed using Press's Q statistic (Chan, 2005)
calculated as follows:

Press0s Q = N− nKð Þ½ $2 =N K−1ð Þ

N = total sample size
n = number of observations correctly classified
K = number of groups.

Press's Q is distributed as a Chi-square with K−1 degrees of freedom.
Although the previous data allows directional predictions, two-

tailed probabilities were used with a p≤0.05 considered significant.
Where appropriate, effects sizes (Cohen's d, Cohen, 1992) were
calculated for group differences. Unless stated otherwise all data are
presented as mean±S.E.M. (standard error of the mean).

Results

Sample characteristics

The Bonaparte (Narjani, 1924) and Landis (Landis et al., 1940)
samples differed in subject height with the Bonaparte sample being
taller than the Landis sample (Bonaparte=64±2.6 in., Landis=63±1.8
in., t65=2.1, p=0.038, d=0.5). Similarly, CUMD measurements
differed between the two studies with the Bonaparte sample having
significantly smaller CUMD measurements than did the Landis sample
(Bonaparte=2.3±0.1 cm, Landis=2.9±0.1 cm, t76=4.8, pb0.001,
d=1.1). Fig. 3 represents the frequency distribution of CUMD in the
two samples, showing that the Bonaparte sample had shorter distances
than did the Landis sample with no overlap at the extremes. Whether
this reflected an actual difference in the two samples or a consistent
difference in how CUMD was measured cannot be directly determined
from the methods described in the two articles. However it seems likely
that the Landis measurement may have included the clitoral glans,

Fig. 3. The distribution of CUMDmeasures in the Bonaparte (Narjani, 1924) and Landis
(Landis et al., 1940) samples. The Bonaparte sample (N=43) had significantly shorter
CUMDs than did the Landis sample (N=35) possibly reflecting a difference in the
clitoral measuring point used in the two studies.
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whereas the Bonaparte measurement, having been taken from the
underside of the clitoral glans, did not. Thus Bonaparte's CUMD
measurements would be shorter than the Landis CUMDmeasurements.
We tested this hypothesis by subtracting 0.5 cm, the approximate
length of the clitoral glans (Verkauf et al., 1992) from the Landis
CUMD measures and compared these derived CUMDs to those
reported by Bonaparte. This eliminated the difference in average
CUMD (Bonaparte=2.3±0.1 cm, Landis=2.4±0.1 cm, t76=0.8,
p=0.46, d=0.2). It thus seems likely that there were systematic
differences inmeasurementmethodology that contributed to differences
in CUMD between the two samples. However, because we cannot be
certain that this was the case, we used the original measurements as
reported in the raw data of each study for all subsequent analyses.

Height and CUMD were strongly correlated in the Bonaparte
sample (r=0.8, n=38, pb0.001), but not in the Landis sample
(r=0.2, n=29, p=0.3) suggesting that in addition to any systematic
measurement differences, the two samples also differed in subject
characteristics.

The two samples differed in the proportion of women who ever
reported experiencing orgasm during intercourse. In the Bonaparte
sample 65% of women reported experiencing orgasm during sexual
intercourse compared to 83% of women in the Landis sample
(χ2=3.8, df=1, p=0.05). However, only 46% of women in the
Landis sample reported routinely experiencing orgasm in intercourse
(67% or more of the time) which was not significantly different from
the 65% of women in the Bonaparte sample reporting having orgasm
in intercourse (χ2=2.3, df=1, p=0.13). We do not know what
criteria Bonaparte's subjects used when determining whether they
experienced orgasm in intercourse, but it seems likely that their “yes”
responsewould reflect regular orgasm in intercourse and not whether
such orgasm had ever occurred. Thus it appears that the two samples
did not differ overall in the proportion of women who usually
experience orgasm in intercourse.

Relationship between orgasm and CUMD

The relationship between the reported occurrence of orgasm during
intercourse and CUMD was investigated by determining whether
women in each samplewho reported orgasm in intercourse had shorter
CUMD measurements than did women who never reported orgasm in
intercourse. This comparison was made for women who ever reported
orgasm in intercourse or reported orgasmwith intercourse 67% ormore
of the time. For the Bonaparte sample, both “ever” and 67% or greater
have the same distribution, thus there is only one comparison possible
and this showed that women who reported orgasm in intercourse (O)

had significantly shorter CUMDmeasures than did womenwho did not
report experiencingorgasmduring intercourse (NoO)withaneffect size
greater than two standard deviation units (O=2.0±0.1 cm,
NoO=2.8±0.1 cm; t41=7.5, pb0.001; d=2.2, Fig. 4). For the Landis
data, there was a nearly significant difference in CUMD for womenwho
had ever reported orgasmduring intercourse, compared towomenwho
hadnever reportedorgasm in intercourse, and the corresponding effects
size was moderate (O=2.9±0.1 cm, NoO=3.1±0.3 cm; t33=2.0,
p=0.054; d=0.5).

When only those women in the Landis sample who reported
orgasm in intercourse more than 66% of the time (MoreO) were
compared towomen reporting less regular or no orgasm in intercourse
(LessO), the results were very comparable to those found using the
Bonaparte data with women reporting regular orgasm in intercourse
having significantly smaller CUMD measurements and a large effect
size (MoreO=2.7±0.1 cm, LessO=3.1±0.1 cm; t33=2.5, p=0.018;
d=0.9, Fig. 4). When CUMD measurements from women regularly
experiencing orgasm in intercourse (RegularO; defined as more than
67% of intercoursewith orgasm in either sample)were combined from
both samples and compared to the CUMD measurements of women
with less regular orgasm in intercourse (Less RegularO) the women
regularly experiencing orgasm had significantly smaller CUMD
measurements with a large effect size describing the difference
(RegularO=2.2±0.1 cm, Less RegularO=2.9±0.1 cm; t76=6.5,
pb0.001; d=1.5, Fig. 4). Thus for each sample and for the combined
sample women who report regularly experiencing orgasm in inter-
course had substantially shorter CUMD measurements than did
women not reporting experiencing orgasm or experiencing orgasm
in intercourse less than 2/3 of the time they have intercourse.

The Bonaparte and Landis samples did not agree in the absolute
CUMD measurement associated with the occurrence of orgasm in
intercourse having a mean difference of 0.7 cm in CUMD for women
who regularly experienced orgasm in intercourse. In all cases the
CUMD measures in the Bonaparte were shorter than in the Landis
sample, which likely reflects that Bonaparte used the clitoral frenulum
as hermeasuring point for the clitoris, whereas the Landis group likely
used the clitoral glans. This methodological difference would make
the Landis sample CUMD measurements consistently longer than the
Bonaparte sample CUMD measurements.

We further investigated the relationship between CUMD and
orgasm in intercourse by correlating CUMD with the occurrence of
orgasm in intercourse. In both sets of data CUMD was significantly
correlated with reported occurrence of orgasm in intercourse
(Bonaparte: r=0.8, n=43, Pb0.001; Landis: r=0.4, N=35,
P=0.018). Combining the two samples revealed a strong relationship
between regular orgasm (more than 67% of intercourse resulting in
orgasm) in intercourse and CUMD (r=0.6, N=78, pb0.001). Thus
both mean differences in CUMD as well as correlations between
CUMD and orgasm provide strong evidence of a relationship between
CUMD and the regular occurrence of orgasm in intercourse.

This relationship between CUMD and orgasm was not evident for
autosexual orgasms. The Bonaparte sample contained data for 33 of
the 43 women on the occurrence of orgasm from masturbation
(autosexual orgasm). Of these 33women, 79% experienced autosexual
orgasms (AO), but their CUMDs did not differ fromwomenwho didn't
experience autosexual orgasms (NoAO), (AO=2.4±0.2 cm,
NoAO=2.3±0.1 cm; t31=0.4, p=0.7; d=0.2, Fig. 4). This finding
is consistent with CUMD influencing orgasm in sexual intercourse and
being unrelated to the occurrence of orgasm in general.

Receiver Operator Characteristic curves

To determine whether CUMD reliably predicts orgasm in inter-
course we calculated Receiver Operator Characteristic (ROC) curves, a
technique developed for signal detection, but often used to assess the
validity of medical diagnoses (Hanley and McNeil, 1982;1983; Zweig

Fig. 4. Average CUMD measurements in the Bonaparte and Landis samples for those
women routinely experiencing orgasm in intercourse (orgasm 66% of the time or more)
and those not, or experiencing orgasm in intercourse less than 67% of the time (Landis
sample). Data are shown for the samples combined and for the CUMDmeasurements of
women in the Bonaparte sample experiencing autosexual orgasms. For the Bonaparte,
Landis and combined samples the differences are statistically significant, although the
magnitude of the difference is substantially greater in the Bonaparte than the Landis
sample. The difference in CUMD for the autosexual sample is not statistically significant.
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and Campbell, 1993). In ROC curves, the area accounted for under the
curve by the test variable is the principle measure of whether the test
variable, CUMD in this case, distinguishes between two outcomes,
orgasm in intercourse or not in this case. Fig. 5 illustrates that CUMD
accounted for a significant proportion of area under the curve in both
samples, supporting the claim that CUMD accurately distinguishes
between regular and less regular orgasm in intercourse. In the
Bonaparte sample (Fig. 5A) 0.9±0.1, pb0.001 of the area under the
ROC curve was accounted for by CUMD, while in the Landis sample
(Fig. 5B) CUMD accounted for 0.7±0.1, p=0.023 of the area under
the ROC curve. While both show significant predictive value the
Bonaparte data show a greater predictive value than do the Landis
data.

The ROC curve for the Bonaparte sample indicates that a CUMD
less than or equal to 2.4 cm would encompass 93% of the true positive
cases (women who actually report orgasm in intercourse), with only
19% false positives (Women classified as having orgasm in inter-
course, but who don't actually experience such orgasms). The ROC
curve from the Landis data (Fig. 5B) deviates less from the diagonal
that indicates 0.5 area under the curve than does the Bonaparte ROC

curve. This is reflected in the balance of true positives and false
positives for the Landis data where the best balance between true and
false positives occurs for a CUMD of 2.7 cm or less which would
encompass only 63% of the true positives and have a false positive rate
of 26%. Thus the Landis data distinguish between the two groups of
women much less reliably than do the Bonaparte data. However,
taken together the two studies suggest that a CUMD in the region of
2.5 cm distinguishes between those women likely to experience
orgasm in intercourse and those where such orgasm is unlikely to
occur. Whether the difference in diagnostic power between the two
samples reflects subject selection, in that the Bonaparte data were
biased towards shorter CUMD size than the Landis sample, or whether
this reflects differences in how genital measurements in the two
studies were collected cannot be determined. However, both samples
suggest that CUMD provides substantial information for predicting
whether or not a woman will experience orgasm in intercourse.

We calculated an ROC curve on data from the Bonaparte sample for
the relationship between CUMD and the likelihood of reaching
orgasm from masturbation. The ROC curve accounted for 0.5±0.1,
p=0.86 of the area under the curve, almost exactly what would be
expected by chance.

Table 1 illustrates how applying a CUMD cutoff value of 2.5 cm
would separate subjects having orgasms in intercourse from those who
do not. A 2.5 cm cutoff categorized significantly more women in both
the Bonaparte and Landis samples as experiencing orgasm in inter-
course thanwouldbe expected by chance. The differencebetween those
experiencing orgasm in intercourse when their CUMD was less than or
equal to 2.5 cm compared to when their CUMDwas greater than 2.5 cm
wasmuch larger in the Bonaparte sample than in the Landis sample. By
contrast, CUMDwas no better than chance in predicting which women
in the Bonaparte sample experienced orgasm during masturbation
(p=0.76). These results support that a woman’s CUMD provides
substantial predictive power for identifying women who experience
orgasm in intercourse and thosewhodo not, but provides no significant
information for predictingwhether or not awoman experiences orgasm
during masturbation. Thus CUMD appears to be specifically related to
orgasms in intercourse and not orgasm in general.

Discriminant analysis

Lastly we asked whether CUMD could be used to accurately
classify individuals into those who have orgasm in intercourse and
those who do not. Because of the continuous nature of the orgasm
measurement in the Landis sample we used the data on those women
who experienced orgasm in intercourse 67% of the time or greater as
women having orgasm in intercourse. When the discriminant
function was generated using data from the Bonaparte sample a
significant Eigenvalue of 1.37 (Wilks lambda=0.42, Χ2=34.9, df=1,
pb0.001) was generated, which indicated strong discrimination
between the groups. Table 2A shows the percentage of subjects
correctly classified by the Bonaparte-derived discriminant function.
The function correctly classified 88% of the women in the Bonaparte
sample which is significantly different from chance (Press's Q=26.3,
df=1, pb0.001). Similarly, 81% of the 16 women (Press's Q=6.3,
df=1, P=0.025) in the Bonaparte sample who reported not having
orgasm in intercourse and 93% of the 27 women (Press's Q=19.6,
df=1, pb0.001) who did were correctly classified. For the Landis

Fig. 5. Receiver Operating Characteristic curves (ROC) for the relationship between
CUMD and orgasm in intercourse for the Bonaparte (A) and Landis samples (B).
Although both ROCs accounted for significant area under the curve, the Bonaparte
sample accounted for more area than did the Landis sample and showed greater
sensitivity and specificity. The dashed diagonal line represents 0.5 area under the curve,
which would reflect a chance relationship between CUMD and orgasm in intercourse.

Table 1
Percentage of women experiencing orgasm in relation to whether their CUMDmeasurement is less than or equal to 2.5 cm, or greater than 2.5 cm. For the Landis sample “orgasm” is
women experiencing orgasm in intercourse greater than 66% of the time. (Probabilities are two-tailed.)

CUMD≤2.5 cm CUMDN2.5 cm Chi-square

Bonaparte sample — orgasm in intercourse 84% 0% Χ2=24.9, df=1, pb0.001
Landis sample — orgasm in intercourse 78% 35% Χ2=5.0, df=1, p=0.05
Bonaparte sample — autosexual orgasm 75% 89% Χ2=0.8, df=1, p=0.76
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sample, the Bonaparte-derived discriminant function correctly clas-
sified 90% of the 19 women (Press's Q=11.8, df=1, p=0.001) who
reported orgasm in intercourse less than 67% of the time, but only 44%
of the women(Press's Q=0.25, df=1, p=0.62) who reported having
orgasm in intercourse 67% or more of the time. Thus for both samples
the Bonaparte-derived discriminant function was successful in
classifying those women who did not have orgasm in intercourse,
but less successful, as least in the Landis sample, in classifying those
women who had orgasm in intercourse more than 67% of the time.

When the discriminant function was generated using data from
the Landis sample a smaller, but still significant Eigenvalue of 0.19
(Wilks lambda=0.84, Χ2=5.6, df=1, pb0.036) was obtained
indicating weaker discrimination between the groups than with the
Bonaparte-derived function. The Landis-derived discriminant func-
tion correctly classified only 69% of the women in the Landis sample,
which is not significantly different from chance (Press's Q=4.8,
df=1, pb0.056). The Landis-derived discriminant function did not
classify better than chance women in the Landis sample who reported
having orgasm in intercourse less than 67% of the time or womenwho
reported having orgasm in intercourse more than 67% of the time
(Table 2B). By contrast, the Landis-derived sample better classified the
Bonaparte-sample women than it did the Landis-sample women,
successfully classifying 86% of the women into the appropriate group
(Press's Q=22.3, df=1, pb0.001). In addition, the Landis-derived
discriminant function correctly classified 100% of the Bonaparte-
sample women who reported having orgasm in intercourse, but did
not classify women who failed to experience orgasm in intercourse
any better than chance (Table 2B, Press's Q=1, df=1, p=0.63).

These data show that CUMD can be used to accurately classify
women according to the likelihood that they will have orgasms in
intercourse. However, CUMD's power as a diagnostic tool is limited in
these data. Both discriminant functions very accurately classified
women in the Bonaparte sample who reported experiencing orgasm
in intercourse, but did poorly in making the same classification in the
Landis data. By contrast, both discriminant functions better classified
women in the Landis sample who reported experiencing orgasm in

intercourse less than 67% of the time. However, even in this case only
the Bonaparte-derived discriminant function classified these women
better than chance.

Discussion

Data from two independent samples, collected over 70 years ago
and more than 15 years apart, support the notion that the distance
between a woman's clitoris and her vagina influences the likelihood
that she will regularly experience orgasm solely from intercourse.
Women who reported more regularly experiencing orgasm had
shorter CUMD measurements than did women who reported not
experiencing, or less regularly experiencing, orgasm in intercourse.
When orgasms from masturbation were considered there was no
meaningful relationship between CUMD andwhether or not a woman
experienced autosexual orgasms. Thus the influence of CUMD on
women's orgasms is likely limited to orgasms solely from sexual
intercourse. These results suggest that some of the variability in
women experiencing orgasm from intercourse without concurrent
clitoral stimulation reflects, as Bonaparte suggested in 1933, the
consequences of embryological processes that determine the position
of the clitoris relative to the vagina. Thus, some women may be
anatomically predisposed to experience orgasm from intercourse,
while the genital anatomy of other women makes such orgasms
unlikely. While other factors, such as the sexual characteristics of a
woman's partner, undoubtedly influence the likelihood of experienc-
ing orgasm solely from intercourse, these data suggest that for some
women their genital anatomy strongly influences the occurrence of
orgasm in intercourse.

ROC and discriminant analysis revealed that CUMD can serve as a
reliable and sensitive predictor of the likelihood that a woman will
experience orgasm in intercourse. The two studies differed in the
strength of this prediction with the Bonaparte sample providing
better prediction and classification than does the Landis sample. This
difference between the two studies may reflect how the genital
measurements were obtained. If as we suspect, Bonaparte used the

Table 2
Classification of subjects from the Bonaparte and Landis samples when using discriminant functions generated from either the Bonaparte or the Landis samples. (Table cells
with a gray background are those where the discriminant function misclassified significantly more subjects than expected by chance.)

*Classification not significantly different from chance classification using Press's Q statistic.
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frenulum of the clitoris as her clitoral marker while Landis and
colleagues used the tip of the clitoral glans, one would expect much
more variation in CUMD between subjects using the Landis method
because the clitoral glans is larger and more variable than is the
frenulum (Verkauf et al., 1992; Lloyd et al., 2005). The frenulum is
essentially a single point at the base of the clitoral glans, and thus
would vary much less between subjects than would the clitoral glans.
Thus the stronger relationship between CUMD and orgasm in
intercourse in the Bonaparte study may simply reflect that she
measured the same genital construct in all subjects, whereas the
Landis techniquemay have hadmuch greater inherent variancewhich
reduced or obscured the magnitude of the relationship between
CUMD and orgasm.

While the conclusion that a woman's genital configuration
influences her likelihood of experiencing orgasm in intercourse has
implications for women's sexual experience, caution in accepting this
interpretation is warranted given possible bias in data collection.
Although Bonaparte's data show a much stronger relationship
between CUMD and orgasm than do the Landis data, Bonaparte
apparently collected all of the data herself and she was certainly not
blind to her hypothesis. In addition, Bonaparte was personally
invested in finding that orgasm in intercourse was affected by clitoral
location as she was looking for an explanation for her own inability to
experience orgasm in intercourse. By contrast, although Landis and
his colleagues were aware of Bonaparte's hypothesis, they were also
aware of Dickinson's refutation of that hypothesis, citing both works
in their book. It is thus unlikely that the Landis team had a particular
bias in this aspect of their study. In addition, the Landis data were less
easily biased since CUMD measures were collected by a doctor
separate from the investigators collecting the interview data. In
addition, the genital examination data and the interview data were
recorded in separate documents and collected at different times. It is
thus possible that the Landis data are more objective and less biased
than the Bonaparte data, and that is why they also show a weaker
relationship between CUMD and orgasm in intercourse. They do,
however, show a statistically significant and relatively large relation-
ship in the same direction as that found by Bonaparte. Thuswe think it
likely that the differences between the two studies in the strength of
the relationship between CUMD and orgasm likely reflect genital
measurement differences instead of biased data collection. Landis and
colleagues' replication of Bonaparte's finding 16 years later using a
completely different research team in a completely different envi-
ronment makes us more confident of the validity of the relationship
between CUMD and orgasm despite the challenges these data present.
Unresolved, however, is the different distribution of CUMD measure-
ments in the two studies.

Bonaparte's women have CUMDmeasurements that average about
0.5 cm shorter than those in the Landis sample and have a modal
CUMD of 2 cm compared to a modal CUMD of 3.0 cm in the Landis
sample. Thus the stronger relationship between CUMD and orgasm in
the Bonaparte sample may not reflect bias, but simply that her sample
had more women with shorter CUMDs. There is evidence that the
Bonaparte and Landis CUMD measurements were likely collected
using different methods and that the one that Landis likely used
would produce both increased variability and a mean length
difference of about 0.5 cm, the length of the clitoral glans. However,
given the limited information we have it is not possible to fully
explain the differences between the two studies in the distributions of
the CUMD measurements. Still, the consistent positive relationship
between CUMD and orgasm in intercourse in both studies warrants
further discussion, particularly what it implies about genital devel-
opment and how developmental differences might contribute to our
understanding of variation in the ways in which women reach
orgasm.

Neither of these studies address whether there is a “vaginal”
orgasm triggered by vaginal stimulation, as opposed to a “clitoral”

orgasm triggered by external clitoral stimulation. Similarly, these
results do not resolve whether orgasm in intercourse for women with
short CUMDs results from vaginal stimulation, from direct penile
stimulation of the clitoral glans, from indirect clitoral stimulation
though pelvic pressure, from stimulation of internal aspects of the
clitoral complex, or from some combination of all of these. Any of
these sources of stimulation could possibly produce the higher
incidence of orgasm in intercourse found in women with shorter
CUMD measurements.

One possibility, originally suggested by Bonaparte (Narjani, 1924),
is that a shorter distance between the clitoris and the vagina facilitates
direct clitoral–penile contact during sexual intercourse. This expla-
nation is plausible given the configuration between penile shape and
clitoral location as revealed in MRI or ultrasound images of men and
women during coitus (Schultz et al., 1999; Buisson et al., 2010).
However, without evidence of increased direct penile–clitoral contact
during intercourse in women with shorter CUMD measurements it is
not possible to conclude whether this is the mechanism through
which CUMD affects orgasm in intercourse. Although the notion of
pelvic or penile stimulation of the clitoral glans or shaft is intuitively
appealing and is consistent with the data presented here, short CUMD,
instead of being the actual mechanism increasing orgasm in
intercourse, could be an external marker of other processes producing
increased vaginal sensitivity that increases the likelihood of orgasm
solely from sexual intercourse.

The clitoris consists of more than the shaft and clitoral glans. The
majority of clitoral anatomy is internal, consisting primarily of two
clitoral bodies and two clitoral bulbs that partially surround the
vagina and form a vaulted structure above the anterior vaginal wall
(O'Connell et al., 1998;2005;2008; Suh et al., 2003; Buisson et al.,
2008; Foldes and Buisson, 2009). This small area appears to be
erotically responsive as when Foldes and Buisson (2009) asked five
women to “press with their fingers on their most pleasurable anterior
vaginal area” during an ultrasound of their genitals, the ultrasound
visualization of the pressing finger was near the double vaulted
structure formed by the clitoral bulbs and bodies. Similarly, the
internal clitoral structures are capable of participating in women's
sexual arousal and orgasm as the anterior vaginal wall transmits
penile force to these clitoral structures (Ingelman-Sundberg, 1997). In
this regard, smaller CUMD may both represent a shorter distance
between the clitoral glans and the vagina, but may also reflect that the
bulbs and bodies of the clitoris are packed into a smaller volume
pressing closer to the vagina. This compact spatial arrangement could
result, for example, in more direct contact between the anterior
vaginal wall and the erotically sensitive bulbs or bodies of the clitoris.
This more direct contact between the vagina and portions of the
clitoris distal to the shaft and glans produces increased vaginal
sensitivity that is unlikely or impossible if these clitoral structures are
distributed throughout a larger volume. Thus shorter CUMD would
not directly affect external clitoral stimulation, but would be a proxy
for increased vaginal sensitivity and an increased likelihood that
vaginal stimulation can produce orgasm even if there is no increased
penile stimulation of the clitoral glans or shaft during sexual
intercourse.

The possibility that vaginal stimulation acts on deep clitoral
structures offers an interesting counterpoint to Freud's conceptuali-
zation of “vaginal” and “clitoral” orgasms andwould support Sherfey's
(1972) contention that all women's orgasms are the result of clitoral
stimulation. However, this view would not support Masters and
Johnson's (1966) contention that all women's orgasms during
intercourse result from penile traction on the woman's labia minora
pulling them across the clitoral glans to produce clitoral stimulation
during intercourse. Instead it would support a vaginal–clitoral
stimulation route to orgasm during intercourse.

Freud's (1905) theory of women's sexual development focused on
the type of genital stimulation producing female orgasm. Freud
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contrasted orgasms from vaginal responsiveness with clitorally-
induced orgasms, by which he meant orgasms resulting from
stimulation of the external aspects of the clitoris. Ironically, Freud's
distinction between vaginally- and clitorally-triggered orgasms may
actually reflect a natural typology of women's orgasm induction. This
typology has nothing to do with psychological maturity as Freud
argued, but instead contrasts women who reach orgasm through
vaginal stimulation of deep clitoral structures with womenwho reach
orgasm through stimulation of external clitoral structures of the shaft
or glans. However, Freud, by valuing vaginal induction of orgasm over
external clitoral induction has likely negatively affected many women
and impeded investigation of the sources of this natural variation in
women's sexual arousal and orgasm. The results of the studies
analyzed here suggest that these two different forms of orgasm
induction might reflect which anatomical aspects of the clitoris have
primary erotic sensitivity.

Both types of orgasm induction occur naturally in women, with
orgasms induced by direct stimulation of the clitoral glans or shaft
being more common than those induced by vaginal stimulation.
Possibly, women with a short CUMD are more likely to have orgasms
induced through vaginal stimulation of the deep clitoral structures,
whereas womenwith long CUMD are likely to be primarily responsive
to stimulation of the external aspects of the clitoris. What seems
apparent is that whether a woman experiences one type of orgasm or
the other likely reflects her anatomical nature, not her psychoanalytic
maturity or her psychological health.

The source of anatomical variation in clitoral placement was
speculated on by Bonaparte and the notion that the differences in
CUMD result from embryological processes particularly intrigued her
(Narjani, 1924). She noted that the range of variation in the distance
of the clitoris from the vagina in women exceeded that seen in other
species, such as the cow and the dog, and even in nonhuman primates,
where the clitoris was located quite near the vagina. Only in humans,
she argued, was there great variation in the separation between the
two genital structures (Narjani, 1924). Interestingly, Bonaparte
suggested that this variation resulted from embryological events,
and she was aware that the genital tubercle migrates rostrally in men
during prenatal development. She noted that the genitals of girls are
similar to those of boys around the 9th or 10th week of gestation
before the genital tubercle has migrated very far rostrally leaving it in
a more caudal location (Narjani, 1924). She argued further that
women with long CUMD measurements, téléclitoridiennes in her
terminology, had their clitoral migration arrested later in embryolog-
ical development, resulting in the location of their genital tubercle a
bit more like that of a male even though their urinary meatus
remained in its female-typical location (Narjani, 1924). It is unclear
how Bonaparte developed this very modern theory of prenatal genital
development, but today we would find her conclusions consistent
with the notion that women with longer CUMD measures have been
exposed to higher levels of prenatal androgens than have women
with smaller distances.

Bonaparte suggested that variation in CUMD likely reflects the
timing of the cessation of rostral migration of the woman's genital
tubercle during prenatal life. This migration is necessary in males to
produce the much more rostral location of the penis necessary for
successful sexual intercourse. Genital tubercle migration occurs in
mammalian males and studies in animals show that prenatal
androgens control this migration. Females, in a variety of species,
treated with male-like levels of androgen develop male-like external
genitalia with a rostrally-located penis (summarized in Wallen and
Baum, 2002). In rhesus monkeys low levels of testosterone admin-
istered to pregnant females when the genitals are differentiating
(gestational days 35–70) resulted in their daughters having clearly
female genitalia, but with an increased clitoris to vagina distance
compared to females from untreatedmothers (Herman et al., 2000). It
seems likely that small endogenous variations in prenatal androgens

produce variation in CUMD and that longer CUMD reflects greater
exposure to prenatal androgen and thus greater rostral migration of
the genital tubercle.

While there is no direct evidence for the relationship between
CUMD and natural variation in prenatal androgens in women, there is
such evidence in rats. Anogenital distance (AGD), the distance from
the genital tubercle to the anus, a measure analogous to CUMD, is
longer in female rats located in utero between or downstream from
sibling males and thus exposed to the male's endogenously secreted
testosterone (Clemens et al., 1978; Meisel and Ward, 1981). Such
females have a longer AGD (i.e., more male-like) than do females not
gestating near a male sibling (Clemens et al., 1978). In addition,
prenatal treatment of pregnant female rats with flutamide, a
nonsteroidal anti-androgen, eliminated the effects on AGD of a female
gestating near a male sibling (Clemens et al., 1978), supporting the
notion that small differences in endogenous prenatal androgen
exposure affect AGD. Interestingly, natural variation in female rat
AGD predicts better adult reproductive function and earlier (e.g.more
feminine) pubertal onset with shorter AGD measures, presumably
reflecting lower exposure to endogenous prenatal androgens (Zehr
et al., 2001). Thus data from rats support the notion that AGD serves as
a proxy for the degree of prenatal exposure to androgens. If CUMD is
similarly affected by endogenous prenatal androgen variation, it may
be an external indicator of a woman's exposure to prenatal androgens.
If true, this suggests that women exposed to lower levels of prenatal
androgens are more likely to achieve orgasm solely through
intercourse than are women exposed to higher levels of prenatal
androgens.

Variation in exposure to prenatal androgens may explain why
clitoral size is much more variable in women than is penis size in men
(Wallen and Lloyd, 2008), suggesting that women are exposed to a
wider range of androgen levels than are men. Particularly intriguing is
the notion that orgasm solely from sexual intercourse seems most
likely to occur in women who may have been exposed to the lowest
levels of prenatal androgens. Exposure to higher levels of androgens
does not preclude orgasm, but may result in easier orgasm from direct
stimulation of the clitoral shaft or glans, than from stimulation of the
vagina or internal clitoral structures in close proximity to the vaginal
walls. Thus the clitoral and vaginal eroticism that Freud invested with
substantial psychoanalytic importance, may exist, but simply reflect
the extent to which a woman was prenatally exposed to androgens.
Possibly variation in prenatal androgens produces other genital
changes, in addition to rostral migration of the genital tubercle, that
influence the type of stimulation a women requires for reaching
orgasm.

Inmales the genital tubercle differentiates into the penis under the
influence of prenatal androgens. In this process the primary
erogenous areas of the penis become the underside of the glans
penis, where the frenulum connects the foreskin to the glans penis
and, to a much lesser extent, the penile shaft. Thus, although the penis
enlarges substantially under the influence of androgens the parts
which contribute to sexual sensations remain, or become, quite small.
In females the genital tubercle, without the strong influence of
androgens, migrates much less than in males and differentiates into
the clitoris possibly with a more diffuse distribution of erotic
sensitivity such that the clitoral bulbs and bodies as well as the
shaft and glans are erotically responsive. Women who are exposed to
higher levels of prenatal androgens may not only have a more male-
like rostral clitoral location, but also their clitoral eroticism may
become more similar to that of the penis. Thus, increased prenatal
androgen exposure may focus erotic sensitivity to the clitoral shaft
and glans reducing or eliminating erotic sensitivity in the bulbs and
bodies of the clitoris. In this view, all women possess erotic sensitivity
in the clitoral shaft and glans, but only women exposed to lower levels
of prenatal androgens retain significant erotic sensitivity in the
internal clitoral structures. CUMD size, which likely reflects the extent
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of prenatal androgen exposure, might also be a proxy for the erotic
sensitivity of internal clitoral structures, and thus the likelihood that
women will experience orgasm solely from intercourse.

These findings support CUMD as a potential proxy for prenatal
androgen exposure in women and suggest a number of studies. The
first is that CUMD should be positively correlated with clitoral size,
since inmales the rostral migration of the genital tubercle is combined
with an increase in genital tubercle size. A second study would
combine CUMD measures with imaging studies allowing reconstruc-
tion of internal pelvic volumes to identify the relationship between
internal clitoral anatomy and the vaginal walls (Gravina et al., 2008).
Such a study could support the notion that short CUMD measure-
ments are associated with the packing of internal clitoral anatomy
into a smaller space leading to more intimate contact between
internal clitoral structures and the vaginal walls. Hypotheses offered
here could be directly tested by investigating women with atypical
prenatal androgen exposure. For example, women with complete
androgen insensitivity (CAIS) resulting from not having functional
androgen receptors, would be expected to have very short CUMD,
with their internal clitoral structures packed into a much smaller
volume than would women with typical androgen exposure. Women
with CAIS would also be expected to more reliably experience orgasm
in intercourse than women exposed to androgens. However this last
possibility is complicated by the fact that women with CAIS typically
have shorter vaginas than do women without CAIS (Minto et al.,
2003). We do not know how this might affect the relationship
between the vaginal walls and the internal aspects of the clitoris.
Women with congenital adrenal hyperplasia (CAH) could contribute
significantly to our understanding of genital anatomical development
and orgasm. One would predict that women with CAH would have
much longer CUMDs than women without CAH and that their
incidence of orgasm solely from intercourse would be lower than in
women without CAH. Studies of same and mixed sex twins could
directly test the hypothesis that small differences in prenatal
androgen exposure affect CUMD, with women with female co-twins
having smaller CUMD measurements than would women with male
co-twins. Lastly, the findings of Bonaparte and Landis need to be
replicated using an assessment of orgasm that clearly distinguishes
orgasms during intercourse without concurrent clitoral stimulation
from those with concurrent clitoral stimulation. A standardized
method of measuring CUMD needs to be developed, possibly one
which measures actual clitoral–vaginal distances, though the size and
flexibility of the vaginal opening make this challenging. Such studies
might explain the great variation among women in the sexually
arousing stimulation necessary for orgasm and why some women
more easily experience orgasm in intercourse than do others.
Ultimately such studies could establish the factors that cause the
natural variation in women's orgasms and possibly why men and
women differ so markedly in the likelihood that they will experience
orgasm solely from sexual intercourse.
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