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Men’s sexual arousal patterns are category-specific: Men typically display significantly greater
physiological responses to sexual stimuli depicting members of their preferred gender category.
Category-specific patterns of sexual arousal have not been consistently reported in natal women.
We used vaginal photoplethysmography to examine patterns of sexual arousal in 11 male-to-female
(MtF) transsexuals following sex reassignment surgery (SRS) and in 72 natal women. Subjective
arousal was measured with a continuous response lever. Video clips depicting sexual activity between
two males, two females, or one male and one female were used as erotic stimuli. All transsexual
participants displayed category-specific sexual arousal. Five homosexual transsexual participants
(attracted exclusively to males before sex reassignment) showed greater genital and subjective
responses to male than to female stimuli, while six nonhomosexual transsexual participants showed
the opposite pattern. Vaginal pulse amplitude (VPA) was lower in transsexual participants than in natal
women. The mean correlation between VPA and subjective responses was high in nonhomosexual
transsexuals, but was significantly lower in homosexual transsexuals and in natal women. One
transsexual participant who reported a change in sexual orientation following sex reassignment
displayed VPA and subjective responses consistent with her pre-reassignment sexual orientation.
We conclude that male-to-female transsexuals display male-typical category-specific sexual arousal
following SRS, and that vaginal photoplethysmography is a promising methodology for studying
patterns of sexual arousal in postoperative transsexuals.

KEY WORDS: transsexual; sex reassignment surgery; vaginal photoplethysmography; sexual arousal; sexual
orientation.

INTRODUCTION

One of the goals of sex reassignment surgery (SRS)
in male-to-female (MtF) transsexuals is to create genital
structures that will permit patients to engage in sexual

11812 E. Madison St., Seattle, Washington.

2Department of Psychology, Northwestern University, Evanston,
Illinois.

3Clinical Sexology Services, Centre for Addiction and Mental Health,
Toronto, Ontario.

“To whom correspondence should be addressed at Department of
Psychology, Northwestern University, 2029 Sheridan Road, Evanston,
Illinois 60208; e-mail: jm-bailey@nwu.edu.

135

activity in a manner consistent with their gender identity.
Surprisingly, however, there has been little formal study
of the physiological responses of MtF transsexuals’
surgically reconstructed genitals during sexual arousal.
As part of an investigation of category-specific sexual
arousal in natal women, Chivers, Rieger, Latty, and
Bailey (2004) used vaginal photoplethysmography to
measure the genital responses of 11 post-SRS MtF
transsexuals during viewing of erotic video stimuli (EVS).
The transsexual participants were not the focus of the
Chivers et al. study, but were included primarily to
determine whether vaginal photoplethysmography was
capable of detecting category-specific sexual arousal (i.e.,
significantly different physiological responses to male vs.
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female stimuli). In this report, we describe the genital
physiological responses of the transsexual participants
in greater detail. We offer an expanded discussion of
category-specific sexual arousal in the transsexual par-
ticipants, and we address the following three additional
topics: (1) amplitude of vaginal photoplethysmographic
responses in transsexuals vs. natal women; (2) correlations
between genital and subjective responses in transsexuals
vs. natal women; and (3) genital and subjective responses
in a transsexual participant who reported a change in
sexual orientation following sex reassignment.

SRS and Postoperative Sexual Arousal
in MtF Transsexuals

Sex reassignment surgery in MtF transsexuals in-
volves removal of the testicles and the erectile tissue of
the penis, and vaginoplasty, the creation of a vaginal cavity
or neovagina between the rectum and the bladder (for a
review, see Karim, Hage, & Mulder, 1996). The neovagina
is lined with skin flaps or skin grafts, or less commonly
with a segment of large bowel. The inverted skin of the
penis is often used to line the neovagina; this technique
is called penile inversion vaginoplasty. Penile inversion
vaginoplasty is considered to be the method of choice
for neovaginal construction in MtF SRS (Giraldo, Mora,
Solano, Gonzales, & Smith-Ferniandez, 2002; Karim et al.,
1996), and the majority of surgeons who perform MtF
SRS use the penile inversion technique (Giraldo et al.,
2002). When penile skin is insufficient, scrotal skin flaps
or grafts or split-thickness skin grafts from other donor
sites can also be used to line the neovagina (Karim et al.,
1996).

It is clear that many postoperative MtF transsexuals
can develop significant pelvic vasocongestion and genital
engorgement in response to sexual stimulation. Karim,
Hage, Bouman, and Decker (1991) described 13 MtF
patients who experienced narrowing of the neovaginal
opening or swelling of the urethral meatus during sexual
arousal, as a result of incomplete resection of genital
erectile tissue during SRS. Lawrence (2004) found in a
follow-up study of MtF SRS patients that 15 (6%) of
232 respondents reported narrowing of the neovaginal
introitus during sexual arousal, suggesting significant
genital vasocongestion.

Reports of vaginal lubrication with sexual stim-
ulation provide additional evidence of arousal-induced
genital vasocongestion after MtF SRS. Vaginal lubrication
is caused by transudation of fluid into the vaginal
lumen due to pelvic vascular engorgement (Levin, 1991).
Vaginal lubrication with arousal has been observed fol-
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lowing vaginoplasty for vaginal agenesis in natal women
(Allesandrescu, Peltecu, Buhimschi, & Buhimschi, 1996;
Masters & Johnson, 1961, 1966). Some postoperative MtF
transsexuals also report significant vaginal lubrication
with sexual arousal (Lawrence, 2004; Muirhead-Allwood,
Royle, & Young, 1999a).

Balsma et al. (1995) used vaginal photoplethys-
mography to measure vaginal pulse amplitude (VPA)
in 5 MtF transsexuals and 10 natal women before and
during viewing of EVS. All 10 natal women and 3 of 5
transsexuals displayed increases in VPA during viewing
of EVS, but the increases were smaller in the transsexual
group. In 2 transsexual participants, VPA could not be
analyzed due to artifacts. Schroder and Carroll (1999)
successfully recorded VPA waveforms during baseline
conditions (i.e., without sexual stimulation) in all 17 post-
operative MtF transsexuals they studied. They reported
that the transsexuals’ VPA waveforms were similar to
those of natal women, and they proposed that vaginal
photoplethysmography might be a useful technique for
studying sexual responses in postoperative transsexuals.

Measuring physiological genital arousal in response
to EVS is an accepted technique for assessing erotic
preferences in biologic males (Freund & Watson, 1991;
Harris & Rice, 1996; Seto, 2001). Some MtF transsexuals
claim that their sexual orientation changed after SRS,
reporting that they were primarily attracted to females
before SRS but primarily attracted to males following
SRS (Bentler, 1976; Daskalos, 1998; Lawrence, 2005;
Muirhead-Allwood, Royle, & Young, 1999b; Schroder &
Carroll, 1999). It is not known, however, whether such
reported changes in sexual orientation are accompanied
by greater physiological genital arousal to male vs. female
sexual stimuli (Freund, 1985; Lawrence, 1999).

METHOD
Participants

Participants were 11 MtF transsexuals and 72 natal
women. Their method of recruitment has been described
elsewhere (Chivers et al., 2004). All transsexual partic-
ipants had undergone SRS a minimum of three months
prior to the study.

Participants completed a questionnaire concerning
their age, ethnicity, medication use, and sexual orientation.
They reported their feelings of sexual attraction and
their sexual experience during adolescence and adulthood,
including the year prior to participation, using a 7-point
Kinsey scale (Kinsey, Pomeroy, & Martin, 1948). Feelings
of sexual attraction during adolescence were used to
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categorize transsexual participants as either homosexual
(Kinsey 5 or 6) or nonhomosexual (Kinsey 0—4) relative to
birth sex. This categorization was based on the observation
that heterosexual and bisexual MtF transsexuals tend to
have similar patterns of erotic interests, which differ
significantly from those of homosexual MtF transsexuals
(Blanchard, 1989).

The mean age of the transsexual participants was
43 years (SD, 11 years; range, 29-59 years). Seven
transsexual participants were White, two were Hispanic,
and two did not specify their ethnicity. Five transsexual
participants were categorized as homosexual relative to
birth sex, and six were categorized as nonhomosexual.
The mean age of the homosexual transsexual participants
at time of SRS was 31 years, while the mean age of the
nonhomosexual transsexual participants at time of SRS
was 47 years. This difference was significant, #(9) = 3.7,
p = .003. Nine transsexual participants reported using
estrogen-containing hormone replacement medications
and two did not.

The mean age of the natal female participants was
27 years (SD, 6 years; range, 1840 years). They were
significantly younger than the transsexual participants,
1(80) = 7.0, p < .0001. Forty-eight natal female partici-
pants were White, 4 were Asian, 12 were Black, 6 were
Hispanic, and 2 reported their ethnicity as Other. All natal
female participants were premenopausal and none were
taking hormonal medications.

Measures

We used vaginal photoplethysmography (Geer,
Morokoff, & Greenwood, 1974) to measure genital re-
sponse during viewing of EVS. Participants continuously
reported their subjective sexual arousal during viewing
of EVS by pushing a lever (Cerny Response Apparatus)
through a 180° arc. The lever’s full rearward position
represented no sexual arousal, and its full forward position
represented the level of arousal associated with orgasm.

Genital and subjective data were continuously
recorded and digitized using MP100 Biopac Photo-
plethysmographic Assessment software. VPA was mea-
sured peak-to-trough in uV; the signal was band-pass
filtered (0.5-10 Hz) and digitized at 40 Hz. The AC signal
from the response lever was transformed into percent
deflection, low-pass filtered at 0.5 Hz, and digitized at
40 Hz.

Procedure

The experimental procedure has been previously
described by Chivers et al. (2004). Participants inserted
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the vaginal probe to a depth of 5 cm, with the light source
and detector facing the anterior vaginal wall. They then
watched an 11-minute adaptation video depicting reli-
gious ceremonies, ancient architecture, and landscapes.
Next they watched seven stimulus videos, which were pre-
sented in random order; each consisted of a 2-minute video
clip with sound. These depicted: (a) female-female oral
sex, (b) female-female vaginal penetration with a strap-
on dildo, (c) male-female cunnilingus, (d) male-female
vaginal penetration, (e) male-male fellatio, (f) male-male
anal penetration, and (g) a neutral stimulus consisting of
landscapes and wildlife. We recorded VPA and subjective
arousal during each video clip. Video clips were separated
by return-to-baseline intervals, during which participants
completed pencil-and-paper distraction tasks.

Data Reduction and Analysis

We separately averaged each participant’s genital and
subjective arousal measures over the 2-minute time period
for each stimulus category, yielding amean raw VPA value
and a mean subjective arousal value for each of the six sex-
ual stimuli and for the neutral stimulus. We then calculated
a maximum sexual-neutral VPA contrast value for each
participant, which was her largest mean raw VPA value
for any of the six sexual stimuli minus her mean raw VPA
value for the neutral stimulus. To facilitate comparisons
between participants, we also computed standardized
VPA scores and standardized subjective scores within-
participants by z-score transformation of mean raw VPA
values and mean subjective arousal values, a technique
that has previously been used to aid the interpretation of
male sexual arousal data (Blanchard, Racansky, & Steiner,
1986; Harris, Rice, Quinsey, Chaplin, & Earls, 1992).

We calculated a male-female VPA contrast score
for each participant, the sum of her standardized VPA
scores for the two male-male stimuli minus the sum of
her standardized VPA scores for the two female-female
stimuli. Similarly, we calculated a male-female subjective
contrast score for each participant, the sum of her stan-
dardized subjective scores for the two male-male stimuli
minus the sum of her standardized subjective scores for the
two female-female stimuli. Positive male-female contrast
scores indicated greater arousal to male stimuli, while
negative male-female contrast scores indicated greater
arousal to female stimuli. Finally, we calculated a VPA-
subjective correlation for each participant, the Pearson
product-moment correlation of her standardized VPA
scores and standardized subjective scores for the six
sexual stimuli and for the neutral stimulus. Probability
values <.05 were considered statistically significant.
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Fig. 1. Transsexual participants’ male-female VPA contrast scores, by
transsexual type. The long horizontal line indicates the grand mean;
short horizontal lines indicate group means.

RESULTS

Genital and Subjective Responses
in Transsexual Participants

Comparison of the male-female VPA contrast scores
of the homosexual and nonhomosexual transsexual par-
ticipants revealed significant differences in genital arousal
patterns. These data are displayed in Fig. 1. Homosexual
transsexual participants had a mean male-female VPA
contrast score of 1.7 SD (95% CI, 1.2 to 2.2 SD), indicating
greater genital arousal to male stimuli. Nonhomosexual
transsexual participants had a mean male-female VPA
contrast score of —1.4 SD (95% CI, —1.9 to —1.0 SD),
indicating greater genital arousal to female stimuli. The
male-female VPA contrast scores of the two transsexual
groups were significantly different, #(9) = 10.0, p =
.0001.

Similar results were observed for subjective sexual
arousal, which are shown in Fig. 2. The mean male-female
subjective contrast score for homosexual transsexual par-
ticipants was 0.4 SD (95% CI, —0.4 to 1.3 SD), indicating
greater subjective arousal to male stimuli. The mean
male-female subjective contrast score for nonhomosexual
transsexual participants was —1.0 SD (95% CI, —1.74 to
0.25 SD), indicating greater subjective arousal to female
stimuli. The male—female VPA subjective contrast scores
of the two transsexual groups were significantly different,
t(9) =3.0, p =.02.

Lawrence, Latty, Chivers, and Bailey

3
=
[ 3
w24
w
]
[
=
o
PR
=
0
il
ey 2
@
u
[ix]
E
i
w :
o .
= -1- —_—
=

-9 r

Homosexual Monhomosexual
Transsexuals Transsexuals

Group

Fig. 2. Transsexual participants’ male-female subjective contrast scores,
by transsexual type. The long horizontal line indicates the grand mean;
short horizontal lines indicate group means.

Vaginal Pulse Amplitude in Transsexual
vs. Natal Female Participants

The transsexual participants had lower mean raw
VPA values during neutral stimuli than the natal female
participants, and also had lower maximum sexual-neutral
VPA contrast values than the natal women. Fig. 3 shows
mean raw VPA values with neutral stimuli for the
transsexual and natal female participants. The overall
mean of these VPA values for the transsexual participants
was 31 uV (8D, 13 uV) vs. 82 uV (8D, 89 uV) for the
natal female participants, a difference that approached
statistical significance, #(81) = 1.9, p = .06. Fig. 4
shows maximum sexual-neutral VPA contrast values for
the transsexual and natal female participants. The mean
maximum sexual-neutral contrast value for the transsexual
participants was 12 uV (SD, 5 uV) vs. 40 uV (SD,
32 uV) for the natal female participants. This difference
was significant, #(81) = 2.9, p = .005.

Because the transsexual participants were signif-
icantly older than the natal female participants, we
examined whether mean raw VPA values with neutral
stimuli and maximum sexual-neutral VPA contrast values
were significantly correlated with age. There was no
significant correlation between age and mean raw VPA
value with neutral stimuli for either the natal female
participants, r(72) = —.14, p = .25, or for the transsexual
participants, r(10) = .54, p = .11. There was also
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Fig. 3. Participants’ mean raw VPA with neutral stimulus, by group.
The long horizontal line indicates the grand mean; short horizontal lines
indicate group means.

no significant correlation between age and maximum
sexual-neutral VPA contrast value for the natal female
participants, r(72) = —.19, p = .11, or for the transsexual
participants, r(10) = .02, p = .96.
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Fig. 4. Participants’ maximum sexual-neutral VPA contrast, by group.
The long horizontal line indicates the grand mean; short horizontal lines
indicate group means.
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Correlations between VPA and Subjective Arousal
in Transsexual and Natal Female Participants

We compared VPA-subjective correlations for the
natal female and transsexual participants. For the natal
women, mean r = .38 (SD, .44; range, —.62 to .97);
r was statistically significant (>.75) in 15 (21%) of
the 72 natal women. For the transsexual participants,
mean r = .57 (SD, .37; range, —.18 to .95); r was
statistically significant (>.75) in 3 (27%) of the 11
transsexual participants. Mean correlations were not
significantly different between the natal female and
transsexual groups, #(81) = 1.4, p = .18. We observed
a significant difference in VPA-subjective correlations
between the two transsexual groups, however. For the
five homosexual transsexual participants, mean r =
.33 (SD, .43; range, —.18 to .73); r was statistically
significant in O participants. For the six nonhomosexual
transsexual participants, mean » = .78 (SD, .13; range,
.62 to .95); r was statistically significant in three par-
ticipants. The mean r of the nonhomosexual transsexual
participants was significantly higher than the mean r of
the homosexual transsexual participants, #(9) = 2.4, p =
.04, and was also significantly higher than the mean r
of the natal women, #(76) = 2.2, p = .03. The mean
rs of the homosexual transsexual participants and the
natal women did not differ significantly from each other,
t(75) < 1. Fig. 5 shows the distribution of VPA-subjective
correlations for all three participant groups.
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Fig. 5. Participants’ VPA-subjective correlations, by group. The long
horizontal line indicates the grand mean; short horizontal lines indicate
group means.
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Genital and Subjective Arousal in a Transsexual
Participant Reporting a Change
in Sexual Orientation

Ten of the 11 transsexual participants reported
relatively consistent patterns of sexual orientation before
and after SRS. One participant reported exclusive sexual
attraction to and experience with females during adoles-
cence and also while living as a man during adulthood.
She reported that after SRS, however, her sexual attraction
during the previous year had been mostly to men and
her sexual experience during the previous year had been
exclusively with men. She rated the idea of sex with a
man as “very exciting” and the idea of sex with a woman
as “neutral.” Despite these self-reports, her male-female
VPA contrast score was —1.2 SD, and her male-female
subjective contrast score was —1.5 SD, indicating that she
displayed greater physiological and subjective responses
to female stimuli than to male stimuli. Her responses
were comparable in direction and magnitude to those of
transsexual participants who reported consistent sexual
orientation toward females before and after SRS.

DISCUSSION

Our purposes in this investigation were to:
(1) describe the VPA responses of MtF transsexuals to
EVS, including the presence or absence of category-
specific arousal; (2) compare VPA responses to EVS
in MtF transsexuals and natal women; (3) compare the
correlations between VPA and subjective responses to
EVS in MtF transsexuals vs. natal women; and (4)
examine whether reported changes in sexual orientation
following MtF sex reassignment were consistent with
observed patterns of physiological and subjective arousal.

VPA Responses and Category-Specific
Arousal in Transsexuals

Our results demonstrate that vaginal photoplethys-
mography is capable of detecting physiological sexual
arousal responses to EVS in MtF transsexuals. In the
transsexual participants, arousal measured by vaginal
photoplethysmography correlated with subjective arousal
as well or better than in a comparison group of natal
women. This was true even though VPA responses to
neutral stimuli and changes in VPA responses to EVS
were substantially smaller in the transsexual participants
than in the natal female participants.

Our results also demonstrate that postoperative MtF
transsexuals display a category-specific pattern of sexual
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arousal, which is typical of nontranssexual males and
which appears to be atypical of natal women (Chivers
et al., 2004). Investigators have previously documented
category-specific sexual arousal in male applicants for sex
reassignment using penile plethysmography (Barr, 1973;
Barr & Blaszczynski, 1976; Barr, Raphael, & Hennessey,
1974), but our results provide the first demonstration
of category-specific sexual arousal in MtF transsexuals
following SRS.

Although MtF transsexuals are sometimes described
in popular accounts as “women trapped in men’s
bodies” (i.e., male-bodied persons who are psycho-
sexually female; e.g., Gorman, 1995), they display a
combination of female-typical, intermediate, and male-
typical psychosexual characteristics. For self-rated fem-
ininity and masculinity on the Bem Sex-Role Inventory
(Fleming, Jenkins, & Bugarin, 1980; Herman-Jeglifiska,
Grabowska, & Dulko, 2002) and for female-typical motor
behavior (Barlow, Mills, Agras, & Steinman, 1980), MtF
transsexuals appear to be similar to natal women (or more
feminine than natal women) and dissimilar to nontranssex-
ual males. For other gender-typical characteristics, such
as occupational and hobby preferences (Lippa, 2001),
use of gender-specific vocabulary (Kenna & Hoenig,
1984), verbal memory (Cohen-Kettenis, van Goozen,
Doorn, & Gooren, 1998), and a composite measure of
visuospatial ability (van Goozen, Slabbekoorn, Gooren,
Sanders, & Cohen-Kettenis, 2002), MtF transsexuals’
scores are intermediate between those of natal women
and nontranssexual males. MtF transsexuals appear to be
similar to nontranssexual males and dissimilar to natal
females for Performance-Verbal 1Q differential (Hunt,
Carr, & Hampson, 1981), visuospatial ability involving
two-dimensional figure rotation (Cohen-Kettenis et al.,
1998; van Goozen et al., 2002), measures of self-esteem
and dynamic body image (Wolfradt & Neumann, 2001),
and number of sexual partners (Lawrence, 2005).° The
male-typical, category-specific sexual arousal pattern
observed in the present study provides additional evidence
that MtF transsexuals display male-typical as well as
female-typical psychosexual characteristics.

SHomosexual MtF transsexuals appear to differ from nonhomosexual
MtF transsexuals in the degree to which they display sex-atypical
psychosexual characteristics (e.g., Herman-Jeglinska et al., 2002).
In the studies cited, Cohen-Kettenis et al. (1998) and van Goozen
et al. (2002) studied only homosexual transsexuals; Herman-Jegliniska
et al. (2002), Kenna and Hoenig (1984), and Lawrence (2005) studied
homosexual and nonhomosexual transsexuals; and in the remaining
studies (Barlow et al., 1980; Fleming et al., 1980; Hunt et al., 1981;
Lippa, 2001; Wolfradt & Neumann, 2001), the sexual orientation of the
transsexual participants was not reported.
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Possible Causes of Lower VPA in Transsexuals

VPA provides a measure of vaginal blood flow, and
changes in VPA in response to EVS reflect arousal-
induced pelvic vascular engorgement (Laan, Everaerd,
& Evers, 1995). Our results demonstrate that MtF
transsexuals have lower baseline levels of vaginal blood
flow than do natal women, and also show significantly
smaller increases in vaginal blood flow during EVS
viewing. We speculate that these differences in blood
flow may reflect differences in the structure of the
natal vaginal vs. neovaginal wall, differences in the
innervation of natal vaginal vs. neovaginal vasculature,
or differences in testosterone levels between the two
groups.

The vaginal wall in natal women is typically highly
vascularized, and contains cavernous erectile tissue in
which vascular engorgement can occur. D’ Amati et al.
(2002) demonstrated cavernous or pseudo-cavernous tis-
sue within the vaginal wall in 12 of 14 human natal female
cadaver specimens examined. In contrast, the neovaginas
of MtF transsexuals are usually lined with penile skin,
often supplemented by full-thickness skin grafts from the
scrotum or abdomen, or by partial-thickness skin grafts
from the thighs or buttocks. Skin from these donor sites
has not been reported to contain cavernous erectile tissue.
The neovaginal cavity in transsexuals is created by blunt
dissection along the rectovesicle septum (Denonvillier’s
fascia), which separates the rectum from the bladder and
urethra (Hage, 1999). The operating surgeon deliberately
dissects along this relatively avascular plane in order to
avoid excessive bleeding. The only area in which contact
between neovaginal donor skin and erectile tissue might
be expected to occur would be at the neovaginal introitus,
adjacent to the shortened urethra. The operating surgeon
typically performs subtotal resection of erectile tissue in
this area (Karim et al., 1991), but any remaining erectile
tissue would lie in proximity to neovaginal skin near
the introitus. Consequently, the walls of the neovagina
in transsexuals are likely to be less highly vascularized
than the walls of the vagina in natal women. They are also
likely to be less capable of developing vasocongestion
than the walls of natal vaginas, because they do not contain
cavernous erectile tissue, and because they make only
limited contact with residual erectile tissue, and only near
the vaginal introitus.

Differences in the innervation of the vaginal vs.
neovaginal vasculature might also have contributed
to the observed differences in VPA response to EVS be-
tween the natal female and transsexual participants.
In natal women, vaginal vasocongestion is activated
through parasympathetic nerve fibers that originate in
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the sacral parasympathetic nucleus and travel via the
pelvic nerves to the vagina (Giuliano, Rampin, & Allard,
2002). Vaginal vasocongestion in natal women appears to
be mediated in part by vasoactive intestinal polypeptide
(VIP) and by nitric oxide (NO). Nerves containing VIP
and NO synthetase innervate capillaries and deep and
superficial arteries and veins in the natal human vagina
(Hoyle, Stones, Robson, Whitley, & Burnstock, 1996).
It is not known whether the blood vessels surrounding
the neovagina in MtF transsexuals might be similarly
innervated. Even if this were the case, the ability of grafted
skin to undergo vasodilation in response to neurogenic
stimulation appears to be limited (Freund, Brengelmann,
Rowell, Engrave, & Heimbach, 1981).

It is also possible that the observed differences
between the natal female and transsexual participants
in VPA responses to EVS might have been related to
differences in testosterone (T) levels between the two
groups. Although we did not measure T levels in either
group, it is reasonable to assume that the natal female
participants, whose mean age was 27 years and who were
premenopausal, had normal female T levels; Trienekens,
Schmidt, and Thijssen (1986) found that in a group of
77 premenstrual women aged 18—48, mean T level was
32 ng/dL, and only 10% of participants had T levels
of 17 ng/dL or below. In the transsexual participants,
all of whom had undergone orchiectomy, T levels were
probably substantially lower. Oefelein, Feng, Scolieri,
Ricchiutti, and Resnick (2000) found a median T level
of 15 ng/dL in 35 men who had undergone orchiectomy,
with less than 10% of patients having T levels above
20 ng/dL. Rghl and Beuke (1992) reported a mean T level
of 16 ng/dL in a similar group of 14 patients one year
following orchiectomy; the highest T level in this group
was 22 ng/dL.

There is conflicting evidence concerning the effect
of T levels on genital blood flow changes in response
to EVS in men and women. Bancroft and Wu (1983)
and Kwan, Greenleaf, Mann, Crapo, and Davidson (1983)
examined phallometric responses to EVS in hypogonadal
men with and without testosterone supplementation and in
normal male controls; neither study found any relationship
between testosterone levels and phallometric responses.
Pretreatment T levels in the hypogonadal men, however,
averaged 128 ng/dL in the former study and 71 ng/dL
in the latter, both well above the levels typical of
orchiectomized males. Carani, Granata, Bancroft, and
Marrama (1995) subsequently found that T treatment in
hypogonadal men increased the duration and rigidity of
erections in response to EVS, leading to the conclusion
that some genital responses to EVS in males may be
androgen sensitive.



142

Some studies have not found significant relationships
between T levels and VPA responses to EVS in natal
women. Tuiten et al. (1996) reported that women with
hypothalamic amenorrhea and a mean T level of 24 ng/dL
and normally menstruating women with a mean T level
of 40 ng/dL did not differ in their VPA responses to
EVS depicting heterosexual intercourse. Myers, Dixen,
Morrissette, Carmichael, and Davidson (1990) found that
in a group of postmenopausal women with pretreatment
T levels in the range of 13-22 ng/dL, participants who
received estrogen and 5 mg of methyltestosterone daily
over an 8-week period showed VPA responses to EVS
that were no different than in participants who received
estrogen alone, estrogen and medroxyprogesterone, or
placebo. T levels, however, actually decreased in the
methyltestosterone group, and methyltestosterone levels
were not reported. Laan, van Lunsen, and Everaerd
(2001) studied VPA responses to EVS in a group
of postmenopausal women receiving either tibolone
(a synthetic steroid with weak estrogenic, progestogenic,
and androgenic properties) or placebo; tibolone treatment
was associated with significantly lower T levels and
significantly higher free androgen levels, but the two
groups did not differ significantly in VPA responses to
EVS.

Other investigations, however, have found that higher
T levels are associated with increases in VPA response
to EVS in natal women. Tuiten et al. (1996) found
that women with hypothalamic amenorrhea and a mean
T level of 24 ng/dL showed significant increases in
VPA response to EVS depicting heterosexual intercourse
following 8 weeks of treatment with oral T undecanoate;
the women’s mean T level following treatment was
95 ng/dL, slightly above the female normal range. Tuiten
et al. (2000) also demonstrated that a single dose of
sublingual T increased VPA response to EVS in normally
menstruating women, although the peak T levels that
participants achieved were supraphysiological. Tuiten,
van Honk, Verbaten, Laan, and Everaerd (2002) subse-
quently replicated these findings, using a slightly different
protocol.

We believe it is unlikely that the observed differences
in baseline VPA and in VPA during viewing of EVS
between natal female and transsexual participants were
due to differences in estrogen levels between the two
groups. Higher estrogen levels are not associated with
increased VPA responses to EVS in natal women (Laan
& van Lunsen, 1997; Myers et al., 1990; Myers &
Morokoff, 1986), and there is no reason suspect such
an association would be present in MtF transsexuals.
Lower estrogen levels are, however, associated with lower
baseline (unstimulated) VPAs in natal women (Laan &
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van Lunsen, 1997); and treatment of postmenopausal
women with tibolone, a steroid with estrogenic properties,
increases baseline VPA (Laan et al., 2001). Two of
the transsexual participants were not receiving estrogen
replacement, and this could theoretically account for the
observed trend toward lower VPAs with neutral stimulus
in the transsexual group. An examination of baseline
VPAs in these two participants suggests otherwise: While
one had the lowest VPA with neutral stimulus of any
transsexual participant, the other had the second highest
VPA with neutral stimulus in the transsexual group.

Correlations Between Genital
and Subjective Arousal

Correlations between genital arousal and subjective
arousal are generally high in men but are typically
lower in women. The reasons for these sex differences
remain unclear (for a review, see Rosen & Beck,
1988). Using EVS and a continuous response lever to
quantitate subjective arousal, a technique similar to that
used in the present study, Wincze, Venditti, Barlow,
and Mavissakalian (1980) found a mean VPA-subjective
correlation of .38, with a range of .09 to .77, in 8
natal female participants; significant correlations were
observed in 2 participants (25%). Steinman, Wincze,
Sakheim, Barlow, and Mavissakalian (1981) reported
VPA-subjective correlations ranging from .38 to .76
in another group of 8 natal female participants, using
similar methodology; significant correlations were ob-
served in 5 participants (63%). Using projected slides
rather than EVS, Korff and Geer (1983) documented
mean VPA-subjective correlations as high as .87 when
natal female participants were instructed to attend to
somatic sensations, but only .48 when participants did not
receive such instructions; the percentages of participants
with significant correlations ranged from 60% to 100%.
Laan, Everaerd, van der Velde, and Geer (1995) found
a mean VPA-subjective correlation of .59 in a group of
7 natal female participants exposed to multiple EVS in
random order and instructed to report genital sensations; 5
participants (71%) had significant correlations. The VPA-
subjective correlations we observed in the natal female
participants, who were not given instructions to attend to
somatic sensations, were generally consistent with these
earlier reports.

We were surprised to find that the mean VPA-
subjective correlation in the nonhomosexual transsexual
group was significantly higher than in the homosexual
transsexual group, and that the latter group did not differ
from the natal female group. We expected that MtF
transsexuals might show patterns of sexual arousal similar
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to nontranssexual males, so we were more surprised
by the relatively low correlations in the homosexual
transsexual group than by the high correlations in the
nonhomosexual group. Because the comparison between
the two transsexual groups was unplanned, and because
our sample size was small, the difference we observed
may reflect a Type I error, and requires confirmation.

Examination of the transsexual participants’ re-
sponses to specific EVS suggests a possible explanation
for the lower mean VPA-subjective correlation observed
in the homosexual transsexual group. The majority of
the transsexual participants in both groups displayed rela-
tively high VPA responses to all EVS that featured at least
one member of their preferred sexual category, but most
participants gave high subjective ratings only to those EVS
that featured at least one member of their preferred sexual
category and at least one female. The majority of the
homosexual transsexual participants showed the highest
VPA responses to the male-male oral sex video, but also
displayed relatively high VPA responses to the other male-
male video and to the two male-female videos. In contrast,
3 of the 5 homosexual transsexual participants gave very
high subjective ratings only to one or both of the male-
female videos, and very low subjective ratings to all the
other EVS. Similarly, the majority of the nonhomosexual
transsexual participants displayed high and relatively
similar VPA responses to both female-female videos and
to both male-female videos. Four of the 6 nonhomosexual
transsexual participants gave relatively high subjective
ratings to the two male-female videos and to either
one or both of the female-female videos, and lower
subjective ratings to the other EVS. Thus, the majority
of the homosexual transsexual participants displayed
strong VPA responses but weak subjective responses to
both male-male stimuli, which contributed to a lower
mean VPA-subjective correlation, whereas the majority
of nonhomosexual transsexuals showed relatively strong
VPA responses and strong subjective responses to one or
both of the female-female stimuli, which contributed to a
higher mean VPA-subjective correlation.

One possible interpretation of these observations
is that, for a majority of the participants in the study,
identification with at least one of the actors in an erotic
video stimulus may have been a prerequisite for reporting
a strong subjective response to that stimulus. This might
explain why, in Fig. 2, male-female subjective contrast
scores were close to zero for 4 of the 5 homosexual
transsexual participants. Perhaps these 4 participants
found the female-female videos generally unexciting
subjectively because they did not include a male actor,
and they found the male-male videos similarly unexciting
subjectively because they did not include a female
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actor with whom they could identify. In future studies,
questioning participants in greater detail about the reasons
for their subjective responses to particular categories of
EVS might help to explain observed correlations between
VPA and subjective responses.

Arousal Patterns Following a Reported
Change in Sexual Orientation

Although sexual orientation in biologic males is
thought to be established early in life and to be virtually
unchangeable in adulthood (Pillard & Bailey, 1995),
some MtF transsexuals report that their sexual orientation
changed following gender transition and SRS, invariably
toward a greater preference for male partners. Freund
(1985) hypothesized that such reports might reflect the
desire of certain transsexuals to portray themselves as
“typically feminine” or, alternatively, might reflect their
erotic interest in the validation provided by male partners,
rather than representing a genuine change in somatotypic
preference. The potential mutability of sexual orientation
in MtF transsexuals is of particular interest because sexual
orientation underlies most typologies of MtF transsexu-
ality. Measurement of VPA and subjective responses to
EVS is a promising technique for assessing self-reported
changes in sexual orientation following SRS.

We have demonstrated one instance in which such a
self-reported change in sexual orientation was inconsis-
tent with the participant’s observed VPA and subjective
responses. Conducting VPA and subjective response
measurements in additional MtF transsexuals who report
that their sexual orientation changed after SRS would
help to clarify whether such self-reports are consistent
with observed physiological arousal. A still more rigorous
approach to this question might involve the prospective
study of the stability of patterns of sexual arousal in MtF
transsexuals before and after gender transition, hormone
therapy, and SRS, using penile plethysmography before
SRS and vaginal photoplethysmography after SRS.

REFERENCES

Allesandrescu, D., Peltecu, G. C., Buhimschi, C. S., & Buhimschi, I. A.
(1996). Neocolpopoiesis with split-thickness skin graft as a surgical
treatment of vaginal agenesis: Retrospective review of 201 cases.
American Journal of Obstetrics and Gynecology, 175, 131-138.

Balsma, A., Wouda, J., Vessies, D., Bakker, J. O., van de Wiel,
H. B. M., & Weijmar Schultz, W. C. M. (1995). Onderzoek van de
doorbloeding van de wund van de neovagina na erotische prikkeling
bij man-vrouwtransseksuelen [Blood flow in the neovagina after
erotic stimulation in male-to-female transsexuals]. Nederlands
Tijdschrift voor Geneeskunde, 139, 1713-1714.



144

Bancroft, J., & Wu, F. C. W. (1983). Changes in erectile responsiveness
during androgen replacement therapy. Archives of Sexual Behavior,
12, 59-66.

Barlow, D. H., Mills, J. R., Agras, W. S., & Steinman, D. L.
(1980). Comparison of sex-typed motor behavior in male-to-female
transsexuals and women. Archives of Sexual Behavior, 9, 245-253.

Barr, R. F. (1973). Responses to erotic stimuli of transsexual and
homosexual males. British Journal of Psychiatry, 123, 579-585.

Barr, R., & Blaszczynski, A. (1976). Autonomic responses of transsexual
and homosexual males to erotic film sequences. Archives of Sexual
Behavior, 5, 211-222.

Barr, R. F,, Raphael, B., & Hennessey, N. (1974). Apparent hetero-
sexuality in two male patients requesting change-of-sex operation.
Archives of Sexual Behavior, 3, 325-330.

Bentler, P. M. (1976). A typology of transsexualism: Gender identity
theory and data. Archives of Sexual Behavior, 5, 567-584.

Blanchard, R. (1989). The concept of autogynephilia and the typology
of male gender dysphoria. Journal of Nervous and Mental Disease,
177, 616-623.

Blanchard, R., Racansky, I. G., & Steiner, B. W. (1986). Phallometric
detection of fetishistic arousal in heterosexual male cross—dressers.
Journal of Sex Research, 22, 452-462.

Carani, C., Granata, A. R., Bancroft, J., & Marrama, P. (1995). The
effects of testosterone replacement on nocturnal penile tumescence
and rigidity and erectile response to visual erotic stimuli in
hypogonadal men. Psychoneuroendocrinology, 20, 743-753.

Chivers, M. L., Rieger, G., Latty, E., & Bailey, J. M. (2004). A
sex difference in the specificity of sexual arousal. Psychological
Science, 15, 736-744.

Cohen-Kettenis, P. T., van Goozen, S. H., Doorn, C. D., & Gooren,
L. J. G. (1998). Cognitive ability and cerebral lateralisation in
transsexuals. Psychoneuroendocrinology, 23, 631— 641.

D’Amati, G., di Gioia, C. R., Bologna, M., Giordano, D., Giorgi, M.,
Dolci, S., et al. (2002). Type 5 phosphodiesterase expression in the
human vagina. Urology, 60, 191-195.

Daskalos, C. T. (1998). Changes in sexual orientation of six heterosexual
male-to-female transsexuals. Archives of Sexual Behavior,27,605—
613.

Fleming, M. Z., Jenkins, S. R., & Bugarin, C. (1980). Questioning
current definitions of gender identity: Implications of the Bem Sex-
Role Inventory for transsexuals. Archives of Sexual Behavior, 9,
13-26.

Freund, K. (1985). Cross-gender identity in a broader context. In
B. W. Steiner (Ed.), Gender dysphoria: Development, research,
management (pp. 259-324). New York: Plenum.

Freund, K., & Watson, R. J. (1991). Assessment of the sensitivity
and specificity of a phallometric test: An update of phallomet-
ric diagnosis of pedophilia. Psychological Assessment, 3, 254—
260.

Freund, P. R., Brengelmann, G. L., Rowell, L. B., Engrav, L., &
Heimbach, D. M. (1981). Vasomotor control in healed grafted skin
in humans. Journal of Applied Physiology, 51, 168—171.

Geer, J. H., Morokoff, P., & Greenwood, P. (1974). Sexual arousal
in women: The development of a measurement device for
vaginal blood volume. Archives of Sexual Behavior, 3, 559—
564.

Giraldo, F., Mora, M. J., Solano, A., Gonzales, C., & Smith-Fernandez,
V. (2002). Male perineogenital anatomy and clinical applications
in genital reconstructions and male-to-female sex reassignment
surgery. Plastic and Reconstructive Surgery, 109, 1301-1310.

Giuliano, F., Rampin, O., & Allard, J. (2002). Neurophysiology and
pharmacology of female genital sexual response. Journal of Sex
and Marital Therapy, 28(Suppl. 1), 101-121.

Gorman, C. (1995, November 13). Trapped in the body of a man? Time,
146(20), 94-95.

Hage, J. J. (1999). Vaginoplasty in male-to-female transsexuals by
inversion of penile and scrotal skin. In R. Ehrlich & G. Alter (Eds.),
Reconstructive and plastic surgery of the external genitalia: Adult
and pediatric (pp. 294-300). Philadelphia: W. B. Saunders.

Lawrence, Latty, Chivers, and Bailey

Harris, G. T., & Rice, M. E. (1996). The science in phallometric measure-
ment of male sexual interest. Current Directions in Psychological
Science, 5, 156-160.

Harris, G. T., Rice, M. E., Quinsey, V. L., Chaplin, T. C., & Earls,
C. (1992). Maximizing the discriminant validity of phallometric
assessment data. Psychological Assessment, 4, 502-511.

Herman-Jeglifiska, A., Grabowska, A., & Dulko, S. (2002). Masculinity,
femininity, and transsexualism. Archives of Sexual Behavior, 31,
527-534.

Hoyle, C. H. V., Stones, R. W., Robson, T., Whitley, K., & Burnstock,
G. (1996). Innervation of vasculature and microvasculature of
the human vagina by NOS and neuropeptide-containing nerves.
Journal of Anatomy, 188, 633-644.

Hunt, D. D., Carr, J. E., & Hampson, J. L. (1981). Cognitive correlates
of biologic sex and gender identity in transsexualism. Archives of
Sexual Behavior, 10, 65-77.

Karim, R. B., Hage, J. J., Bouman, F. G., & Dekker, J. J. M. L. (1991).
The importance of near total resection of the corpus spongiosum
and total resection of the corpora cavernosa in the surgery of male
to female transsexuals. Annals of Plastic Surgery, 26, 554-557.

Karim, R. B., Hage, J. J., & Mulder, J. W. (1996). Neovaginoplasty in
male transsexuals: Review of surgical techniques and recommenda-
tions regarding eligibility. Annals of Plastic Surgery, 37, 669—675.

Kenna, J. C., & Hoenig, J. (1984). Transsexualism and Slater’s Selective
Vocabulary Test. International Journal of Social Psychiatry, 30,
207-212.

Kinsey, A. C., Pomeroy, W. B., & Martin, C. E. (1948). Sexual behavior
in the human male. Philadelphia: W. B. Saunders.

Korff, J., & Geer, J. H. (1983). The relationship between sexual arousal
experience and genital response. Psychophysiology, 20, 121—
127.

Kwan, M., Greenleaf, W. J., Mann, J., Crapo, L. & Davidson,
J. M. (1983). The nature of androgen action on male sexuality:
A combined laboratory-self-report study on hypogonadal men.
Journal of Clinical Endocrinology and Metabolism, 57, 557—
562.

Laan, E., Everaerd, W., & Evers, A. (1995). Assessment of female sexual
arousal: Response specificity and construct validity. Psychophysi-
ology, 32, 476-485.

Laan, E., Everaerd, W., van der Velde, J., & Geer, J. H. (1995).
Determinants of subjective experience of sexual arousal in women:
Feedback from genital arousal and erotic stimulus content. Psy-
chophysiology, 32, 444-451.

Laan, E., & van Lunsen, R. H. W. (1997). Hormones and sexuality in
postmenopausal women: A psychophysiological study. Journal of
Psychosomatic Obstetrics and Gynecology, 18, 126—133.

Laan, E., van Lunsen, R. H. W., & Everaerd, W. (2001). The effects of
tibolone on vaginal blood flow, sexual desire, and arousability in
postmenopausal women. Climacteric, 4, 28-41.

Lawrence, A. A. (1999). Changes in sexual orientation in six male-to-
female (MtF) transsexuals [Letter to the editor]. Archives of Sexual
Behavior, 28, 581-583.

Lawrence, A. A. (2004). Outcomes of male-to-female sex reassignment
surgery in 232 patients. Manuscript in preparation.

Lawrence, A. A. (2005). Sexuality before and after male-to-female
sex reassignment surgery. Archives of Sexual Behavior, 34, 147—
166.

Levin, R. J. (1991). VIP, vagina, clitoral and periurethral glans: An
update on human female genital arousal. Experimental and Clinical
Endocrinology, 98, 61-69.

Lippa, R. A. (2001). Gender-related traits in transsexuals and nontrans-
sexuals. Archives of Sexual Behavior, 30, 603—614.

Masters, W. H., & Johnson, V. E. (1961). The artificial vagina: Anatomic,
physiologic, psychosexual function. Western Journal of Surgery,
Obstetrics, and Gynecology, 69, 192-212.

Masters, W. H., & Johnson, V. E. (1966). Human sexual response.
Boston: Little, Brown.

Muirhead-Allwood, S., Royle, M., & Young, R. (1999a, August).
Factor analysis of satisfaction with vaginal reconstructive surgery



Vaginal Photoplethysmography in Transsexuals

in male-to-female transsexuals. Poster session presented at the
Harry Benjamin International Gender Dysphoria Association XVI
Biennial Symposium, London.

Muirhead-Allwood, S. K., Royle, M. G., & Young, R. (1999b, August).
Sexuality and satisfaction with surgical results in male-to-female
transsexuals. Poster session presented at the Harry Benjamin Inter-
national Gender Dysphoria Association XVI Biennial Symposium,
London.

Myers, L. S., Dixen, J., Morrissette, D., Carmichael, M., & Davidson,
J. M. (1990). Effects of estrogen, androgen, and progestin on
sexual psychophysiology and behavior in postmenopausal women.
Journal of Clinical Endocrinology and Metabolism, 70, 1124-
1131.

Myers, L. S., & Morokoff, P. J. (1986). Physiological and subjective sex-
ual arousal in pre- and postmenopausal women and postmenopausal
women taking replacement therapy. Psychophysiology, 23, 283—
292.

Oefelein, M. G., Feng, A., Scolieri, M. J., Ricchiutti, D., & Resnick,
M. 1. (2000). Reassessment of the definition of castrate levels of
testosterone: Implications for clinical decision making. Urology,
56,1021-1024.

Pillard, R. C., & Bailey, J. M. (1995). A biological perspective on sexual
orientation. Psychiatric Clinics of North America, 18, 71-84.
Reghl, H. F, & Beuke, H.-P. (1992). Effect of orchidectomy on
serum concentrations of testosterone and dihydrotestosterone in
patients with prostatic cancer. Scandinavian Journal of Urology

and Nephrology, 26, 11-14.

Rosen, R. C., & Beck, J. G. (1988). Patterns of sexual
arousal: Psychophysiological processes and clinical applications.
New York: Guilford Press.

Schroder, M., & Carroll, R. (1999). New women: Sexological outcomes
of male-to-female gender reassignment surgery. Journal of Sex
Education and Therapy, 24, 137-146.

145

Seto, M. C. (2001). The value of phallometry in the assessment of male
sex offenders. Journal of Forensic Psychology Practice, I, 65-75.

Steinman, D. L., Wincze, J. P., Sakheim, D. K., Barlow, D. H., &
Mavissakalian, M. (1981). A comparison of male and female
patterns of sexual arousal. Archives of Sexual Behavior, 10, 529—
547.

Trienekens, P. H., Schmidt, N. A., & Thijssen, J. H. (1986). The effect
of age, weight-related parameters and hormonal contraceptives on
andrological assays. Contraception, 33, 503-517.

Tuiten, A., Laan, E., Panhuysen, G., Everaerd, W., de Hann, E.,
Koppeschaar, H., et al. (1996). Discrepancies between genital
responses and subjective sexual function during testosterone sub-
stitution in women with hypothalamic amenorrhea. Psychosomatic
Medicine, 58, 234-241.

Tuiten, A., van Honk, J., Koppeschaar, H., Bernaards, C., Thijssen,
J., & Verbaten, R. (2000). Time course of effects of testosterone
administration on sexual arousal in women. Archives of General
Psychiatry, 57, 149—153.

Tuiten, A., van Honk, J., Verbaten, R., Laan, E., & Everaerd, W. (2002).
Can sublingual testosterone increase subjective and physiological
measures of laboratory-induced sexual arousal? [Letter to the
editor]. Archives of General Psychiatry, 59, 465—466.

van Goozen, S. H. M., Slabbekoorn, D., Gooren, L. J. G., Sanders,
G., & Cohen-Kettenis, P. T. (2002). Organizing and activating
effects of sex hormones in homosexual transsexuals. Behavioral
Neuroscience, 116, 982-988.

Wincze, J. P, Venditti, E., Barlow, D., & Mavissakalian, M. (1980).
The effects of a subjective monitoring task in the physiological
measure of genital response to erotic stimulation. Archives of Sexual
Behavior, 9, 533-545.

Wolfradt, U., & Neumann, K. (2001). Depersonalization, self-esteem
and body image in male-to-female transsexuals compared to male
and female controls. Archives of Sexual Behavior, 30, 301-310.



