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A B S T R A C T

Introduction. The physiology and anatomy of female sexual function are poorly understood. The differences in
sexual function among women may be partly attributed to anatomical factors.
Aim. The purpose of this study was to use ultrasonography to evaluate the anatomical variability of the urethrovagi-
nal space in women with and without vaginal orgasm.
Methods. Twenty healthy, neurologically intact volunteers were recruited from a population of women who were a
part of a previous published study. All women underwent a complete urodynamic evaluation and those with clinical
and urodynamic urinary incontinence, idiopathic detrusor overactivity, or micturition disorders, as well as post-
menopausal women and those with sexual dysfunction were excluded. The reported experience of vaginal orgasm was
investigated.
Main Outcome Measure. The urethrovaginal space thickness as measured by ultrasound was chosen as the indicator
of urogenital anatomical variability. Designated evaluators carried out the measurements in a blinded fashion.
Results. The urethrovaginal space and distal, middle, and proximal urethrovaginal segments were thinner in women
without vaginal orgasm. A direct correlation between the presence of vaginal orgasm and the thickness of ure-
throvaginal space was found. Women with a thicker urethrovaginal space were more likely to experience vaginal
orgasm (r = 0.884; P = 0.015). A direct and significant correlation between the thickness of each urethrovaginal
segment and the presence of vaginal orgasm was found, with the best correlation observed for the distal segment
(r = 0.863; P < 0.0001). Interobserver agreement between the designated evaluators was excellent (r = 0.87;
P < 0.001).
Conclusions. The measurement of the space within the anterior vaginal wall by ultrasonography is a simple tool to
explore anatomical variability of the human clitoris-urethrovaginal complex, also known as the G-spot, which can be
correlated to the ability to experience the vaginally activated orgasm. Gravina GL, Brandetti F, Martini P, Carosa
E, Di Stasi SM, Morano S, Lenzi A, and Jannini EA. Measurement of the thickness of the urethrovaginal
space in women with or without vaginal orgasm. J Sex Med 2008;5:610–618.
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Introduction

F emale genital anatomy and the physiology of
female sexual function have been scientifically

neglected in the past [1]. This is particularly true
for orgasm, which has been described much more
from a political or philosophical perspective [2]
than by using scientific tools.

Female orgasm is a complex function not per-
fectly understood where intrapsychic, cognitive,
relational, neurohormonal, vascular and anatomi-
cal factors play roles. Although literature abounds
with descriptions and discussions of vaginal as
opposed to clitoral orgasm [3,4] and only few
studies map genital erotic sensitivity to tactile
stimulation in healthy females [5], it is evident that
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some women need direct, external, clitoral stimu-
lation whereas others may reach orgasm also by
penetration and thrusting that directly stimulate
the internal clitoris and vaginal wall structures and
indirectly the external part of the same organ [5].
Interestingly, a study of 200 women revealed that
external clitoris length varies by more than 25%,
demonstrating that individual differences are mac-
roanatomic [6]. Furthermore, in cadaver studies,
the internal clitoris may have individual differ-
ences bigger than 100% [7]. Whether these differ-
ences are correlated with ability to reach orgasm is
not yet established.

Other areas have been involved in the mecha-
nism of orgasm (urethra, labia minora, Halban’s
fascia, periurethral glans; see [4] and references
therein). On the basis of its supposedly low pres-
ence of sensory receptors, the vagina was consid-
ered as poorly responsive by Kinsey [8], and
Masters and Johnson [9]. However, Gräfenberg
[10], as subsequently reviewed and popularized
by Ladas, Whipple, and Perry [11] (but disputed
by others [12,13]), suggested a variable area of
increased sensitivity over the urethra on the ante-
rior vaginal wall. The urethrovaginal space (where
the Halban’s fascia runs [14]) seems critical, being
constituted of fibro-connective tissue and large
numbers of blood vessels, glands, muscular fibers,
and nerve endings. The close physical proximity of
the urethra and the clitoris to the anterior vaginal
wall suggests an association between these ana-
tomical structures and sexual function [15,16]. In
fact, the anterior vaginal wall is an active organ,
transmitting, during intercourse, the effect of
penile thrusting in the vagina to the clitoris, by
stretching the two ligaments that insert around its
base [17]. As for the clitoris, microscopic examina-
tion reveals that the human vagina’s anterosupe-
rior wall differs from one subject to another [18].
The presence of pseudocavernous tissue (clitoral
bulb) in the anterior vaginal mucosa is a frequent
but not universal finding (86%) [19]. Around the
urethra, the existence of the prostatic embryologi-
cal remnant—Skene’s glands [20]—is also an
anatomical variant and not a constant.

Aims

Differences in women’s sexual function obviously
exist and although they have been largely attrib-
uted to cultural, religious, intrapsychic and, above
all, relational factors [21], it is possible that ana-
tomical factors might be partly responsible. Thus,
if “anatomy is destiny” [22], physical differences

should be taken into account as a source of physi-
ological variability in female sexual response. With
these concepts in mind, the purpose of this study
was to use introital ultrasonography to evaluate
anatomical variability, measured as the difference
in thickness of the urethrovaginal space and to
correlate this variability with the presence vagi-
nally activated orgasm.

Methods

Patient Recruitment
A cohort of 37 healthy, neurologically intact,
consecutive volunteers were recruited from the
normal controls of a population of women who
were a part of a previously published study [23].
Approval for this study was obtained from the
Internal Review Board. The women underwent
physical and neurological examination (including
perineal/genital inspection, vaginal, pelvic floor
muscle strength, assessment of reflexes such as anal
wink, bulbocavernosus and perineal-perianal sen-
sation) and urodynamic study (UDS). All women
underwent a nonstructured clinical interview at
our Medical Sexology Service. The sexual history
interview was conducted with each woman in a
private room alone with a sexologist. Exclusion
criteria consisted of drug or alcohol abuse, medi-
cations or medical conditions that might alter
sexual function (e.g. diabetes), previous anti-
incontinence surgery or any stage of vaginal
prolapse (Pelvic Organ Prolapse Quantification
System, POP-Q). Subjects with sexual dysfunction
were also excluded. For this purpose, a female
sexual function index (FSFI) [24] total score of less
than 26.55 was considered suggestive of female
sexual dysfunction [25]. Specifically, only women
with high scores (4 or 5) for Q.11 (how often did you
reach orgasm), Q.12 (how difficult was it for you to
reach orgasm), and Q.13 (how satisfied were you with
your ability to reach orgasm) were selected. It should
be noted that these questions do not distinguish
vaginal from clitoral orgasm. All subjects were
exclusively heterosexual, had stable relationships
(median value of 19 months [interquartile range
{IQR} 13.5–23 months]) and reported at least two
acts of sexual intercourse per week, a regular men-
strual cycle and that they had been sexually active
within the past 6 months.

The presence of vaginal orgasm was then inves-
tigated by the same male investigator (E.A.J.) who
collected the sexological history, in a separate
setting. Vaginal orgasm was ascertained by the fol-
lowing question: “Have you ever experienced a
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vaginal orgasm?” Responses were categorized as
“yes” (at least once in the past month) or “no”
(never). By vaginal orgasm we mean the orgasm
experienced after direct stimulation of the anterior
vaginal wall by penetration, without concomitant
stimulation of the external clitoris. Other investi-
gators were blinded of these results before echo-
graphic studies. All subjects were scheduled for
examination during the mid-follicular phase of
their menstrual cycle.

Urodynamic Evaluation
All enrolled patients underwent uroflowmetry and
urodynamic evaluation (Urobenchmark 2000/3,
SI.EM., Milan, Italy) performed in duplicate. Uro-
dynamic assessment followed the International
Continence Society standards and involved water
cystometry with 37°C normal saline solution at a
filling rate of 30 mL per minute. A 6Fr double
lumen transurethral catheter (Bel Bioengineering
Lab, Cantù, Co, Italy) was used for infusion and
recording of intravesical pressure, and 9Fr intrarec-
tal ballon catheter (Bel Bioengineering Lab, Cantù,
Co, Italy) was used for recording abdominal pres-
sure. Electromyographic activity of pelvic floor
muscle was recorded by means of surface anal skin
electrodes placed at the 3 and 9 o’clock position, to
check dysfunctional voiding. Pressure-flow study
was carried out in sitting position. For our pur-
poses, the following measurements were detected:
detrusor pressure at maximum flow (pDetQmax),
maximum flow rate (Qmax) obtained during the
pressure-flow study, and post-void residual volume.
The Bladder Outlet Obstruction Index (BOOI) was
quantified as follows: pDetQmax-2Qmax. For
the statistical analysis, the higher Qmax obtained
during pressure-flow study and the related detrusor
pressures were considered after performing the test
twice. Impaired detrusor contractility was defined
as low Qmax (�12 mL/s) and low pDetQmax
(�10 cmH2O) [26]. The BOO was defined as a low
Qmax (�15 mL/s) and an index greater than 8.
Impaired detrusor overactivity was defined as the
urodynamic evidence of involuntary detrusor con-
tractions of �10 cmH2O with volume to first con-
traction less than 350 mL [27]. The terminology
used conformed with the definitions recommended
by the ICS [28], except where specifically noted.

Ultrasound Evaluation
Ultrasonography was performed after UDS with
the Sonoline VersaPro device (Siemens Medical
System Inc., Ultrasound Group, Issaquah, WA,
USA) using a 6.5 MHz transvaginal probe, com-

monly used for transvaginal evaluation. The
procedure was performed by a single female
investigator (F.B.) blinded to the patient’s orgasm
characteristics. All procedures were performed
with patients in a modified Trendelemburg posi-
tion and with a bladder filling volume of 300 mL.
The ultrasound evaluation was obtained by an
introital approach with the transducer placed over
the external urethral orifice and the transducer axis
corresponding to the body axis. Care was taken not
to distort the anatomy during the procedure. Jet-
type print photography, Polaroid photography,
and video recording were used to collect all ultra-
sound images.

Statistical Analysis
Statistical analysis was performed using SPSS 11.0
(SPSS Inc., Chicago, IL, USA.) software. All P
values less than 0.05 were considered to indicate
significance. All statistical tests were two-tailed. As
variables were not normally distributed (Shapiro–
Wilk test [29] P < 0.05), continuous variables were
presented as medians and IQR (25th and 75th
percentile) and were analyzed with Wilcoxon–
Mann Whitney Rank Sum Test. For multiple
comparisons of continuous variables we used the
Kruskal-Wallis test with Tukey Honestly Sig-
nificantly Different post hoc analysis [30]. The
chi-square test was used to analyze categorical
variables. We also evaluated interobserver agree-
ment by Pearson correlation. A Pearson correla-
tion coefficient (r) of less than 0.20 was considered
to indicate poor agreement; 0.21–0.40, fair agree-
ment; 0.41–0.60, moderate agreement; 0.61–0.80,
good agreement; and 0.81–1.00, excellent agree-
ment. Correlation between variables was assessed
by eta correlation [31].

Main Outcome Measures
Total urethral length and vaginal lumen were
viewed in the midsagittal plane. The image was
then frozen and filed digitally. Two blinded male
investigators (G.L.G. and P.M.) interpreted and
measured the thickness of the urethrovaginal space
from the ultrasound images in random order. All
ultrasound images were displayed through an
image processing and analysis program (Scion
Image Software version alpha 4.0.3.2, Scion Co.,
Frederick, MD, USA). The anatomical border
between the inner smooth muscle and mucosa-
submucosa layer of the urethral wall can be
distinguished by ultrasonography, as can the
border between the vaginal wall and its lumen,
seen as a strip of low echogenicity (Figure 1). To
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standardize the procedures, all measurements were
expressed in millimeters and were obtained along a
line drawn between the border of the smooth
muscle and mucosa-submucosa layer of the ure-
thral wall and the border of the vaginal wall and its
lumen. Measurements were taken at various per-
centiles of the urethra length. The internal ure-
thral meatus was considered as the zero point and
the external meatus as the 100th percentile. In the
midsagittal plane, we measured the thickness of
the urethrovaginal space at the 10th (proximal
segment), 50th (middle segment), and 90th per-
centile (distal segment) of the urethra (Figure 1C).
The thickness was measured three times at each
location and the median value was considered for
statistical purposes.

Results

Clinical and Urodynamic Parameters
Thirty-seven healthy women were considered for
this study. Thirteen were excluded, six because of
sexual dysfunction and seven because of meno-
pause with or without sexual dysfunctions. Of the
24 recruitable women, four declined to participate
and a total of 20 subjects were finally enrolled
(Figure 2). Of these, nine reported experience
of vaginal orgasm. No significant difference was
noted in age, parity, hormonal pattern, menstrual
cycle duration, or FSFI total score among women
with and without vaginal orgasm (Table 1). The
analysis of urodynamic parameters indicated that
all women had both normal cystometry and

pressure-flow study. None of them had clinical and
urodynamic urinary incontinence or disorders
of the emptying phase (i.e., bladder outlet ob-
struction, impaired detrusor contractility, and
electromyographic evidence of dysfunctional
voiding). No significant difference between the
two groups was found in any urodynamic param-
eters (Table 1).

Ultrasound Assessment
Introital ultrasound examination was well accepted
by every volunteer and no adverse events occurred
during or after each session. The examination took
20 minutes (IQR 12.5–32 minutes) on average.

Figure 1 (panels A and B) shows the schematic
representation and introital ultrasound image of
the urogenital organs. The vagina is seen as a
hypoanechoic strip, adjacent to the posterior wall
of the urethra for a short distance, and running
from the probe to the cervical fornix. The sym-
physis pubis appears as a hyperechoic shell, with a
shaded cone. The rectum generates acoustic arti-
facts with loss of borders between the rectal and
posterior vaginal wall. The urethral lumen was
seen as an anechoic cylindrical structure. The stri-
ated and smooth muscle layers of the urethra
cannot always be distinguished in the midsagittal
plane. The mucosa and submucosa were uniformly
depicted as hypoechoic structures mimicking an
open lumen.

Figure 3 shows a box plot diagram of ure-
throvaginal space thickness, stratified by group
and segment. Comparison of ultrasound images in
women with and without vaginal orgasm demon-

Figure 1 Schematic representation (A) and introital ultrasonographic image (B) of the urogenital organs. The panel (C)
shows the three segments measured and the corresponding percentiles. Ur = Urethra; R = Rectum; B = Bladder; PB = Pubic
Bone, V = Vagina (also indicated by arrow heads).
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strated a statistically significant difference in the
median thickness of the urethrovaginal space
(P < 0.000l) (Table 2), which was thinner in
women without (median value 10.4 mm; IQR 9.8
to 10.7 mm) than in those with vaginal orgasm
(median value 12.4 mm; [IQR12 to 14 mm]).
There was no overlapping in the IQR values, sug-
gesting that the two groups had an independent
distribution for the measured parameter.

The differences in the thickness of urethrovagi-
nal space segments were also assessed. The median
thickness of distal, middle, and proximal segments
was less in women without than those with vaginal
orgasm. A significant difference was seen for each
segment in the two groups (Table 2). A completely
independent distribution was found for these vari-
ables, as evidenced by the lack of overlapping in
the IQR values between the two groups. Although

Figure 2 Study flowchart.

Table 1 Clinical and urodynamical parameters

Women with vaginal
orgasm (N = 9)

Women without vaginal
orgasm (N = 11) P value*

Clinical parameters†

Age (year) 34 (29.3–36) 32 (30.2–35) 0.67
Parity (N. of births) 1 (0–1.3) 1 (0–1.5) 0.92
Menstrual cycle duration (days) 28 (26.5–30) 29 (27.5.31) 0.5
Body mass index (Kg/m2) 21 (20.6–22.9) 22 (2.4–23.1) 0.65
17 b estradiol (pmol/L) 198 (145–225) 187 (115–219) 0.79
Testosterone (nmol/L) 2.22 (1.75–2.7) 2.10 (1.8–2.82) 0.82
Thyrotropin (mU/L) 1.9 (1.7–2.2) 2.1 (2.2–1.6) 0.76
FSFI (total score) 29.5 (27.5–32.5) 29 (27–33) 0.77

Urodynamic parameters on pressure-flow study†

Qmax (mL/s) 20.5 (19–22.5) 21 (20–23.5) 0.18
PdetQmax (cmH2O) 23.5 (18.2–32.5) 25 (22.5–31.5) 0.74
BOOI -21 (-32/-14.2) -20 (-28/-15) 0.93
PVR (mL) 21 (17–33) 23 (18–34) 0.45

*Wilcoxon-Mann Whitney Rank Sum Test; †Median and interquartile range (25th and 75th percentile).
FSFI = female sexual function index; PdetQmax = detrusor pressure at maximum flow; PVR = post-void residual; BOOI = bladder outlet obstruction index.
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in both groups proximal segments were thicker
than the middle and distal segments, the median
thickness of the different segments did not differ
significantly within each group for women with
(P = 0.39) and without vaginal orgasm, (P = 0.32).

Interobserver agreement between the two
investigators performing the urethrovaginal space
measurement was excellent (r = 0.87; P < 0.001).

Correlation analysis was estimated for those
variables that significantly differed between two
groups. This analysis, performed to determine
interdependencies between the reported presence
of a vaginal orgasm and the thickness of the ure-
throvaginal space, demonstrated a significant cor-
relation between the presence of vaginal orgasm
and the thickness of the urethrovaginal space.
Women with a thicker urethrovaginal space
were more likely to experience vaginal orgasm
(r = 0.884; P = 0.015) (Table 3).

Correlation analysis, performed by stratifying
the urethrovaginal space by segment, showed a

direct and significant correlation between the
thickness of each segment and the presence of
vaginal orgasm. The best correlation was found
with the distal segment of the urethrovaginal space
(r = 0.863; P < 0.0001).

Discussion

For cultural and historical reasons, scientific
knowledge of female sexual function is still in its
infancy. Here, we describe for the first time the use
of a simple tool—introital ultrasonography—to
characterize the thickness of the urethrovaginal
space and correlate this with the presence or
absence of vaginal orgasm. Although the number
of analyzed subjects was small, the strict selection
criteria render this population unique for a study
of this kind. To eliminate possible confounders
and improve the reproducibility of urethrovaginal
space measurements, we excluded patients with
clinical and urodynamic urinary incontinence [32],

Figure 3 Box plot diagram comparing median urethrovaginal space thickness distribution of women with or without vaginal
orgasm. Box represents interquartile range (IQR), bar median value and whiskers represent data points within IQR.
1 = thickness of urethrovaginal space in women without vaginal orgasm; 2 = thickness of urethrovaginal space in women with
vaginal orgasm; 3 = thickness of distal urethrovaginal space in women without vaginal orgasm; 4 = thickness of distal
urethrovaginal space in women with vaginal orgasm; 5 = thickness of middle urethrovaginal space in women without vaginal
orgasm; 6 = thickness of middle urethrovaginal space in women with vaginal orgasm; 7 = thickness of proximal urethrovagi-
nal space in women without vaginal orgasm; and 8 = thickness of proximal urethrovaginal space in women with vaginal
orgasm.

Table 2 Thickness of the urethrovaginal space in women with or without vaginal orgasm

Women without vaginal
orgasm (N = 11)

Women with vaginal
orgasm (N = 9) P value

Median thickness of urethrovaginal space* 10.4 (9.8–10.7) 12.4 (12.0–14.0) <0.0001†

Median thickness of urethrovaginal space segments* Distal 9.9 (9.7–10.6) 12.2 (11.9–13.5) <0.0001‡

Middle 10.4 (9.8–10.6) 12.5 (12.0–13.9) <0.0001‡

Proximal 10.6 (10.1–11.9) 12.9 (12.3–14.4) <0.0001‡

*Median and interquartile range (25th and 75th percentile).
†Wilcoxon–Mann Whitney Rank Sum Test.
‡Kruskal–Wallis test with Tukey HSD post hoc analysis.
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idiopathic detrusor overactivity, and micturition
disorders [33], as well as postmenopausal patients
and those with sexual dysfunction. As female
genital anatomy is affected by estrogen and andro-
gen activity [34], we also standardized the day of
menstrual cycle. The measurement sites were also
strictly uniform.

These results raise several questions. What ana-
tomical structures did we measure? Does ure-
throvaginal space thickness differ in all women
with vaginal orgasm, or have we identified a subset
of patients? Have we measured the controversial
G-spot in vivo?

Ultrasonography is a widely used tool for the
assessment of the female urogenital tract, but its
spatial and structural resolution remains much
lower [35] than other imaging techniques [34].
Consequently, the anatomical structures within
the urethrovaginal space cannot be fully resolved
by ultrasonography. Gräfenberg described an
erogenous zone located in the anterior vaginal wall
[10] and subsequent studies have correlated the
focus of female sensitivity with the external ure-
thral sphincter [11]. Effectively, we made our mea-
surements where the urethra is surrounded by the
corpora cavernosa of the bulb of the clitoris—rich
in nitric oxide synthase and type V phosphodi-
esterase activity [19], [36]—and by the exocrine,
the Prostatic Specific Antigen-expressing Skene’s
glands and a plethora of nerve endings [18,37].
However, histological studies have demonstrated
clear interindividual differences [18,19]. The vari-
ability in female orgasm [38] could be at least par-
tially attributed to differences in the presence,
extension and reciprocal relationship of these ana-
tomical structures. As the anatomy of the external
clitoris changes [6], it is possible that some women
may have more extensive clitoral bulbar tissue,
exocrine glands, (highly variable embryological
remnants), and nerves embedded in the anterior
vaginal wall than others, such that they can achieve
orgasm by direct stimulation of the urethrovaginal
space and not only by stimulation of the external

clitoris. Further well-controlled studies, based
on the method here described, on much larger
samples are needed to confirm the possible corre-
lation between the anatomy of the anterior vaginal
wall and vaginal orgasm. As the clitoris [39] and
the Skene’s glands are under androgen control,
we are currently measuring differences in the
urethrovaginal space in hirsute women before
and after antiandrogen therapy, in women taking
various estroprogestins, and in women report-
ing the much-debated phenomenon of female
ejaculation (FE) [40,41]. Interestingly, women
who experience FE may have normal voiding
patterns, no bothersome incontinence symptoms,
and no demonstrable detrusor overactivity [42].
In comparison with women not experiencing
FE, this suggests anatomic differences, as here
demonstrated.

Another interesting finding is that the thickness
of all three urethrovaginal segments measured
(Figure 1) correlates with reported vaginal or-
gasm, with the best correlation found with the
distal segment. These data could be of particular
interest if observed in the light of the latest ana-
tomical and sexual knowledge, as there is now evi-
dence that the clitoris is related to the distal third
of the urethra in the perivaginal space [16].

To date, there are no pharmacological agents
trials proven to be beneficial beyond placebo in
enhancing orgasmic function in women diag-
nosed with the not uncommon female orgasmic
disorder [43]. More research is needed in under-
standing physiology of female orgasm. Although
we present herein anatomical evidences, our data
should be considered as preliminary and inter-
preted cautiously, given the small sample size.
Additionally, accurate placement of the measur-
ing cursor was more difficult when structural
borders were indistinct, even if interobserver
agreement was excellent. Furthermore, the struc-
tural measurements made in this study were for
comparative purposes and not intended to estab-
lish standard values.

The self-reported nature of presence or absence
of vaginal orgasm is another strong limitation of
our findings. Formal demonstration of the orgasm
is theoretically possible, but the majority of the
studies on that topic are based on the administra-
tion of inventories and questionnaires [44].

The most interesting finding of our study is the
evidence that women who experience vaginal
orgasm have an urethrovaginal space thicker than
those who do not. However, our data cannot
directly demonstrate that the thickness of an

Table 3 Correlation between thickness of urethrovaginal
space and vaginal orgasm

Correlation
Correlation
coefficient* P value

• Thickness of urethrovaginal space vs.
vaginal orgasm

0.884 0.015

• Distal segment vs. vaginal orgasm 0.863 <0.0001
• Middle segment vs. vaginal orgasm 0.801 <0.0001
• Proximal segment vs. vaginal orgasm 0.810 <0.0001

*Eta correlation.

616 Gravina et al.

J Sex Med 2008;5:610–618



anatomical “space” may generate a mechanism
that can be related to the creation of an orgasm.
But, in conclusion, the results here presented allow
us to speculate that there may be a functional cor-
relation between the thickness of urethrovaginal
space, or G-spot, and the ability to experience the
vaginal orgasm.
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