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INTRODUCTION

Transsexualism is a type of gender identity disorder 
and is defined as the desire to live and be accepted as a 
member of the opposite sex relative to the genetic sex. 
The desire for being the opposite sex is accompanied by a 
persistent discomfort with one’s natal body and a wish to 
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have any hormonal and/or surgical therapy to make one’s 
body as similar as possible to the preferred sex (1, 2). 
Male-to-female (MTF) transsexual individuals are defined as 
those transgenders who have had a MTF sex reassignment 
surgery with castration of the penis and testicles to 
alter their bodies to be similar to the opposite sex (3, 
4). Transsexualism is a very rare phenomenon, and its 
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prevalence differs in each country. Although there are no 
reliable statistics regarding the prevalence of transgenders 
in Korea, there are approximately 1400 transgenders 
nationwide (5). 

In the past decade, numerous neuroimaging studies (6-18) 
using functional magnetic resonance imaging (fMRI) and 
positron emission tomography (PET) have been performed 
to reveal the brain centers associated with sexual arousal. 
In particular, the fMRI is being widely used in such studies 
because of its advantages over PET, noninvasiveness, and 
high spatiotemporal resolution (19, 20). Most studies that 
have been performed up to now dealt with normal persons 
or patients with sexual disorder; however, studies for the 
transsexuals with a sex reassignment surgery have not 
yet been reported. Although a single study (18) has been 
carried out to define differential cerebral activation patterns 
in response to visual erotic stimuli in MTF transsexuals, 
the subjects recruited were MTF transsexuals without any 
sex reassignment surgery, and sex hormone levels of the 
subjects were not considered in conjunction with brain 
activation. Recently, Gizewski et al. (18) reported that 
significantly different brain activated areas including the 
left thalamus, bilateral amygdala, orbitofrontal, and insular 
cortex were observed as a result of the visual erotic stimuli 
in MTF transsexuals when compared with male controls; 
however, no such significant difference in activation 
patterns were observed when compared with female 
controls. Their findings suggested that MTF transsexuals 
have a specific feature of a female-like brain function.

Although a sex reassignment surgery does not affect 
the sexual orientation, the postoperative MTF transsexuals 
would be more satisfied with their gender identity and 
sexual behavior than ever, resulting in a more reliable 
emotional response to erotic visual stimuli. We used 
3.0 Tesla fMRI to study the differential brain activation 
patterns evoked by viewing a string of male and female 
nude pictures, and further to clarify the gender identity of 
the postoperative MTF transsexuals in terms of functional 
neuroanatomy associated with sexual arousal. 

MATERIALS AND METHODS

Subjects
Nine sex-reassigned MTF transsexuals (age 25-47 years; 

mean age: 39.7 ± 6.3), who underwent sex reassignment 
surgery, including castration of testicles and reformation 
of a neovagina using the inverted penile skin and a 

mammoplasty, were recruited through a questionnaire and 
an interview by a psychiatrist. All subjects were homosexual 
and right-handed subjects with no history of neurological 
or psychiatric illness. The subjects had undergone sex 
reassignment surgery 2-15 years prior to this study, and 
have been on hormone supplementary therapy since the sex 
reassignment surgery. They exhibited a passion for female 
traits such as female clothes, accessories, and long hair. In 
addition, their voice was husky, but with a feminine way 
of talking. All subjects gave a fully informed consent and 
experimental contents in accordance with the Declaration 
of Helsinki. This study was approved by the Institutional 
Review Board. 

Levels of Sex Hormones
The levels of serum sex hormones such as free 

testosterone (Free T), dehydroepiandrosteronesulfate 
(DHEA-S), sex hormone-binding globulin (SHBG), and 
estriol (E3) were measured by radioimmunoassay (RIA), 
while the levels of hormones such as estradiol (E2), follicle 
stimulating hormone (FSH), and luteinizing hormone (LH) 
were measured by chemiluminescent immunoassay (CLIA). 
The average levels of Free T, DHEA-S, SHBG, E2, FSH, and 
LH in MTF transsexuals were 0.16 ± 0.14 pg/mL, 136.90 
± 63.54 μg/dL, 59.22 ± 28.45 nmol/L, 16.78 ± 8.09 pg/
mL, 36.87 ± 16.41 mLU/mL, and 12.82 ± 5.01 mLU/mL, 
respectively. The levels of Free T, DHEA-S, and SHBG were in 
the normal range of Korean women, while those of E2 and 
FSH were in the normal range of postmenopausal women. 
The level of LH was in the ranges of the luteal and/or 
midcycle of premenopausal women (21, 22). 

MR Imaging 
All images were obtained using a 3.0T Magnetom Trio 

MR Scanner (Siemens Medical Solutions, Germany) with 
a birdcage head coil. The high-resolution T1-weighted 
images (repetition time [TR] /echo time [TE] = 400 ms/8 
ms) and T2-weighted images (TR/TE = 4000 ms/88 ms) 
were obtained with the following parameters: field of view 
(FOV) = 22 cm x 22 cm, matrix size = 192 x 192, number of 
excitations (NEX) = 2, and slice thickness = 5 mm. 

Functional MR Imaging and Activation Paradigm 
Functional images were acquired from a gradient-echo 

echo-planar pulse sequence with the following parameters: 
TR/TE = 3000 ms/30 ms, flip angle = 90°, FOV = 22 cm x 
22 cm, matrix size = 64 x 64, NEX = 1, and slice thickness 
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= 4 mm. The fMRI data were obtained from the 25 slices 
parallel to the AC-PC (anterior commissure and posterior 
commissure) line on the transverse plane, giving a total 
of 3000 images. The first two phases of dummy scans were 
supplemented to circumvent unstable fMRI signals. 

The paradigm for visual sexual stimulation consisted of 
two alternating periods of rest and activation, and it began 
with 1 minute rest, 90 second stimulation with a string 
of erotic female nude pictures-1 minute rest-90 second 
stimulation with a string of erotic male nude pictures, 
and concluded with 1 minute rest. The time duration for 
viewing a single male or female erotic nude picture was 3 
seconds. Every male or female erotic nude picture used for 
activation of the subject’s brain was edited and approved 
by a urologist and a psychologist, who had majored in 
sexual medicine. The pictures were not disclosed in advance 
in order to increase the sexual arousal of the subjects. The 
visual stimuli were generated on a computer and projected 
via a liquid crystal display projector onto a screen located 
on the head coil in front of the subject’s forehead.

Data Preprocessing and Analysis 
The fMRI data were analyzed by post-processing 

and data analysis using Statistical Parametric Mapping 
(SPM02, Wellcome Department of Cognitive Neurology, 
University College London, London, UK). The initial 
images were realigned to correct the head movement and 
were subsequently reconstructed to a volume image. The 
volume image was spatially normalized to the Montreal 
Neurological Institute (MNI) space. Normalized images 
were then smoothed with a spatial Gaussian filter with an 
8-mm full-width-at-half-maximum (FWHM). After following 
the specification of the appropriate design matrix, signal 
changes in the hemodynamic response produced by the 
different experimental conditions were assessed at each 
voxel using a general linear model (GLM). Significant signal 
changes for each contrast were assessed by independent t 
test on a voxel-by-voxel basis.

For the group analysis, these individual contrast images 
were entered into an independent two sample t test to 
compare the differential brain activation patterns in 
response to visual stimulation with male and female erotic 
nude pictures. The threshold of the t-statistic was set to p 
< 0.05. Reported coordinates identify the voxel with peak 
activity within the cluster of activation. Based on the 
fMRI and PET studies (6-18), which had been published, 
we identified 12 brain regions of interest (ROIs) associated 

with visual sexual arousal and these ROIs were potentially 
chosen to be the key brain center for this study (Table 1).

RESULTS

Figure 1 compares the differential activation patterns in 
response to visual stimulation with male and female erotic 
nude pictures, which were analyzed by two sample t test 
and their brain activities were summarized in the order of 
increasing t value in Table 2. The areas observed to have 
predominant activation on viewing the male erotic nude 
pictures as compared with female pictures included the 
cerebellum, hippocampus, putamen, anterior cingulate 
gyrus, head of caudate nucleus, amygdala, midbrain, 
thalamus, insula, and body of caudate nucleus (Fig. 
1A, Table 2). On the other hand, the areas that showed 
predominant brain activation on viewing the female nude 
pictures were observed in the hypothalamus and the septal 
area (Fig. 1B, Table 2). 

DISCUSSION

It has been proposed that human sexual arousal is 
a multidimensional experience comprising four closely 
interrelated and coordinated components: cognitive, 
emotional, motivational, and physiological (6, 7, 14). 
The cognitive component involves an initial process of 
appraisal for sexual stimulus, and the emotional component 
refers to the specific hedonic quality of sexual arousal. 
The motivational component relates to direct behavior to 
a sexual goal and the physiological component regards 
the autonomic and endocrinological responses associated 
with sexual arousal (6, 7, 14). As for the physiological 
component, the levels of sex hormones are particularly 
important in conjunction with the sexual function 
and behavior associated with sexual orientation (23). 
Administration of cross-sex hormones to transsexuals 
induces distinct changes in brain morphology as well as 
sexual behavior and cognition (23). The physical changes 
induced by estrogen hormone therapy in MTF transsexuals 
involve increased breast hemi-circumference and more 
breast development in proportion to the hormone volume, 
regardless of the dosage of estrogen (24). In addition, 
although no changes in penis length were observed in 
patients receiving female hormones, testicular volume 
was reduced by approximately 50%. Pol et al. (23) have 
assessed the changes in the total brain volume and the 
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hypothalamus volume in young adult transsexuals with 
cross-sex hormone treatment. They revealed that with 
administration of estrogens and anti-androgens, the brain 
size decreased by 31 mL over a four-month period, together 
with changes in sexual behavior and cognition. In this 
study, we assumed that morphological changes in the 
brain of transsexuals are accompanied by neuro-functional 
changes. In order to clarify our assumption, a noninvasive 

neuroimaging technique such as fMRI was recommended, 
which also helped to evaluate the differential brain 
activation patterns associated with sexual arousal.

Recently, several lines of evidence have been published 
to investigate brain activation areas in response to visual 
sexual stimuli in patients with sexual disorder. Safron et 
al. (15) distinguished the brain areas associated with 
preferred and nonpreferred visual sexual stimuli between 

Table 1. Brain Centers Associated with Visual Sexual Arousal in Humans

Brain Centers

Authors
Stoleru*  

et al. 
(6)

Redoute* 
et al. 
(7)

Park 
et al. 
(9)

Arnow 
et al. 
(10)

Hamann 
et al. 
(11)

Ferretti 
et al. 
(12)

Kim 
et al. 
(13)

Safron 
et al. 
(15)

Paul 
et al. 
(16)

Yang 
et al. 
(17)

Limbic system Hippocampus x x x
Amygdala x x x x x
Anterior 
  cingulate

x x x x x x x x x

Septal area x
Basal ganglia Putamen x x x x

Caudate 
  nucleus

x x x x x x x

Diencephalon Thalamus x x x
Hypothalamus x x x x

Insula cortex Insula x x x x x x x x x
Mesencephalon Midbrain x
Cerebellum x x
Note.— *References cited from studies with PET; and others cited from fMRI studies. PET = positron emission tomography, fMRI = 
functional magnetic resonance imaging

ACG
Thalamus Septal area

Hypothalamus

Amygdala Midbrain Cerebellum

Insula

4

2

0

Putamen

A B

Fig. 1. Differential brain activation patterns in response to visual stimulation with male and female erotic nude pictures, which were 
processed by two sample t test (p < 0.05), providing contrasts of “male nude pictures” over “female nude pictures” (A) and “female 
nude pictures” over “male nude pictures” (B). The three-dimensional images were generated using MRIcro (ver. 1.39) software.
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homosexual and heterosexual men using an fMRI. They 
suggested that both homosexual and heterosexual men 
exhibited category-specific arousal in brain activity, and 
demonstrated widespread increase in evoked activity for 
preferred stimuli. In a similar study (16), both heterosexual 
and homosexual groups showed no activation of the 
hypothalamus when viewing videos of their opposite sexual 
orientation. The brain areas showing significant activity 
in MTF subjects without any sex reassignment surgery and 
hormone therapy compared with male controls included 
the left thalamus, bilateral amygdala, orbitofrontal, and 
insular cortices (18). In our study, sexual orientation of MTF 
transsexuals was assessed from the brain activation patterns 
in response to visual sexual stimulation on the assumption 
that differential brain activation patterns resulting from 
visual sexual stimulation with two different strings of male 
or female erotic nude pictures should be indicative of their 
sexual orientation.

Note that the average levels of sex hormones including 
Free T, E2, and FSH in the postoperative MTF transsexuals 
who participated in our study are within the normal 
range of Korean women (21), and their physical and 

mental states were very similar to a biological female 
with heterosexual orientation. The differential brain areas 
showing predominant activation, while viewing the male 
nude pictures as compared to female pictures, included 
the cerebellum, hippocampus, putamen, anterior cingulate 
gyrus, head of caudate nucleus, amygdala, midbrain, 
thalamus, insular, and body of caudate nucleus. On the other 
hand, the predominant brain activation induced by viewing 
female nude pictures was observed in the hypothalamus 
and the septal area. It has been proposed that the thalamic 
nuclei are a part of a neural network comprising the 
amygdala and orbitofrontal cortex in primates. This putative 
network is potentially involved in emotional processing 
(25). This extensive thalamocortical interconnectivity has 
been theorized to constitute a neuronal basis for conscious 
awareness (26, 27), and therefore, the thalamus might 
be related to the cognitive dimension of sexual arousal. 
In light of the anatomic projections that the amygdala 
sends to the hypothalamus and temporal pole (28), it 
appears conceivable that in the sexual arousal condition, 
the right amygdala, right hypothalamus, and right anterior 
temporal pole are functional components of a neural 
circuit subserving the processing of visual erotic stimuli 
(29). According to Hamann et al. (11), the amygdala is 
more strongly activated in males than in females, while 
viewing identical sexual stimuli. The hippocampus processes 
intellectual, emotional, and actual information through 
the memory and experience, and is involved in a specific 
role with the amygdala during sexual arousal (15, 30). 
Activation of the hippocampus and amygdala noted here 
may thus be related to the appraisal process through which 
the erotic stimuli depicted in the male erotic nude pictures 
were evaluated as a sexual incentive (26).

There is evidence that activation of the anterior 
cingulate gyrus (ACG) is correlated to emotion, attention, 
sexual motivation, and possibly, the maintenance of 
correspondence between the sexual response and the 
affective value of the stimulus (7, 12). The ACG is a part 
of the limbic system and plays a critical role in initiation, 
motivation, and goal-directed behaviors. More specifically, 
in animals, stimulation of the anterior cingulate gyrus has 
an effect on autonomic and endocrine functions, including 
penile erection and gonadal hormone secretion (6, 31). This 
area also projects to the claustrum and putamen and, in our 
study, the putamen and caudate nucleus were activated by 
viewing the male erotic nude pictures only. 

Another interesting finding in our study is the activation 

Table 2. Differential Brain Activities (Peak t value) 
Associated with Sexual Arousal between Male and 
Female Erotic Nude Pictures Using Two Sample t test in 
MTF Transsexuals (p < 0.05)

Brain Areas t value
MNI Coordinates
x y z

Males over Females*
Cerebellum 5.70 12 -58 -42
Hippocampus 4.08 14 -38 9
Putamen 3.84 21 8 8
Anterior cingulate gyrus 3.68 -10 26 32
Head of caudate nucleus 3.67 16 11 8
Amygdala 3.57 -22 -4 -10
Midbrain 3.46 -14 -20 -20
Thalamus 3.43 -4 -10 6
Insula 3.25 42 -8 -2
Body of caudate nucleus 2.09 -19 -10 22

Females over Males†

Hypothalamus 1.91 -2 11 -6
Septal area 1.90 -2 5 -9

Note.— *Males over Females = predominant activity in favor 
of male erotic nude pictures over female pictures, †Females 
over Males = predominant activity in favor of female erotic 
nude pictures over male pictures. MNI = Montreal Neurological 
Institute, MTF = male-to-female



Korean J Radiol 13(3), May/Jun 2012 kjronline.org262

Oh et al.

of the insula that is extensively interconnected with the 
amygdala. In particular, the anterior part of the insula 
participates in determining the affective state of experience 
and behavior (6, 32). Oppenheimer et al. (33) suggested 
that electrical stimulation in the anterior insula promotes 
autonomic responses in both human and monkeys. This 
finding is consistent with the fact that the insula is highly 
interconnected with regions involved in regulation of the 
autonomic nervous system (34). Therefore, the insular 
activation noted here might be a neural correlate of the 
autonomic changes associated with sexual arousal (26). 
The midbrain, another significant area in our study, showed 
predominant brain activation in male nude pictures. 
The midbrain is a relatively small region surrounded by 
CSF and contains a large proportion of white matter 
(8). Mapping of this area is difficult because brainstem 
motion is related to heartbeats (35). In general, the 
midbrain is a station between the hypothalamus and the 
peripheral and autonomic nervous systems. It transmits 
somatosensory information from the genitals to the medial 
preoptic nucleus via its reticular formation cells and 
connects the hypothalamus with autonomic centers via 
the periaqueductal gray matter (8). We also observed that 
activation of the cerebellum took place when viewing the 
male nude pictures only. The nerve fibers of the cerebellum 
transmit to the primary motor area of the cerebral cortex 
from the thalamus via the red nucleus. This area also 
links to the pons, medulla oblongata, and spinal cord via 
others nerve fibers. The cerebellum receives input from 
the proprioceptive receptor, and plays an important role in 
motor control together with the basal ganglia and motor 
area of the cerebral cortex (36). On the basis of the fact 
that activation of the cerebellum with the basal ganglia 
has often been noted in functional brain imaging studies 
on sexual arousal (29), we assume that the cerebellum is 
related to the “feeling” experience associated with sexual 
arousal, providing genital erection. 

In our study, the predominant activation induced 
by viewing female erotic nude pictures over the male 
pictures was observed in the hypothalamus and septal 
area. Of all the brain areas involved in sexual arousal, the 
hypothalamus plays an important role in the regulation of 
sexual behavior in animals (37, 38). This area contains a 
number of small nuclei with a variety of functions, where 
salient sexual dimorphisms have been shown in various 
hypothalamic subregions (39). It has been proposed that 
such dimorphism, which may result from early influences 

of gonadal hormones, might somehow be linked to gender 
differences in sexual behavior (40, 41). It is also known 
that the connectivity patterns of relative synapse in the 
hypothalamus are in connection to gender difference (42). 
The lesions in the medial preoptic area of the hypothalamus, 
in particular, impair copulation behavior in males of various 
species (42). Activation of the hypothalamus noted in our 
study is not consistent with the results of previous studies 
(26, 43) in which positive correlation between sexual 
arousal and magnitude of hypothalamic activation in males 
was related to a high correlation between sexual arousal 
and physiological indices of sexual response such as penile 
tumescence (43). Another interesting brain action was 
observed in the septal area, which can hardly be observed 
in the fMRI system at low magnetic field strength. In 
the past years, all fMRI studies concerning visual sexual 
stimuli in MTF transsexuals have been performed on 1.5T 
MRI system (16, 18). Due to the dominant effect of large 
vessels with low magnetic field at 1.5 Tesla, it is hard to 
detect activation from such a small region, the septal area 
(44). The septal area has major anatomic connection to 
the frontal cortex, hypothalamus, and amygdaloid nuclei, 
and it is defined as an important brain structure mediating 
sexual behavior in human males and regulating masculine 
and feminine sexual behavior as well (45, 46). Although 
it is clear that activation of the hypothalamus and the 
septal area is closely related with sexual arousal, it is not 
clear why predominant activation of both the brain areas 
is observed while viewing female nude pictures opposite to 
the sexual orientation of the MTF transsexuals. However, it 
is important to note that differential brain activation on 
fMRI reflects differential sexual preference.

One of the limitations of our study was the small number 
of subjects, which is mainly due to the negative attitude 
toward people with sexual disorder in most oriental 
countries, providing limited statistical power to the data. 
Another limitation was that, the assessment of sexual 
arousal with visual stimuli was carried out by a self-report 
and an interview. 

In this study, we demonstrated that distinct brain centers 
with predominant activity induced by viewing male erotic 
nude pictures over female pictures in postoperative MTF 
transsexuals with cross-sex hormone supplement reflect 
their sexual orientation opposite to the genetic sex. This 
study would be helpful to provide valuable information for 
the assessment of patients with gender identity disorders 
and for preclinical planning of a sex reassignment surgery 
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as well.  
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