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Sexual arousal

Infrared thermography (IRT) is a non-contact technique that permits mapping and analysis of the temperature of
the body's skin surface. This method has been applied to sexual psychophysiology since the 1980s and its use has
been expanding ever since, mainly because it provides several advantages over existing genital response mea-
sures. This article presents a review of experimental studies employing IRT to investigate human sexual arousal,
with the aim of summarizing the available procedures and evidence so far and to identify important caveats in

the literature. The studies reviewed support the feasibility and validity of IRT as a real-time physiological
measure of sexual arousal but varied substantially regarding methodology and procedures. The results of this
review underscore the value and validity of IRT in sexual psychophysiology and point at the critical need for the
standardization of IRT protocols to accommodate the specific needs of applying this methodology to sexual

physiology.

1. Introduction

The study of the psychophysiology of human sexual response con-
tinues to be a developing field. Over the decades, our understanding of
sexual response has expanded and a wide array of measures has been
developed to assess the physiological markers of sexual arousal in men
and women. However, current instruments used to investigate the
physiology of sexual response demonstrate a number of limitations and
challenges to its interpretation and usage in different populations. The
availability of valid and reliable psychophysiological instruments that
can be used in both sexes, across different populations, and with the
potential of establishing diagnostic criteria is of crucial importance for
both scientific and clinical purposes.

Infrared Thermography (IRT) is a method to measure temperature
that is based on the infrared radiation emitted from objects' surface. It
provides a map of the distribution of temperatures on the surface of the
imaged object and is not related to morphology, like methods such as
those relying on the use of X-Rays or MRI (Ammer and Ring, 2012).

Infrared thermography has been applied to the study of sexual psy-
chophysiology since the 1980s and provides a number of advantages
over alternative measures of genital response.

Studies have shown evidence of the feasibility, reliability, and va-
lidity of thermography as a physiological measure of sexual arousal
(e.g., Huberman and Chivers, 2015; Huberman et al., 2017; Kukkonen
et al., 2007, 2010). Notwithstanding the relevance of these promising
results, the heterogeneity of the studies in terms of methodology and
measurement procedure warrants a critical interpretation of their
findings. The goal of this review is to synthesize and critically discuss
the literature on IRT as it has been applied to sexual psychophysiology.
Remaining questions and suggestions for future research are also pre-
sented.

1.1. Measuring human sexual response throughout time: various measures
and inherent limitations

Sexual arousal is a multi-dimensional state that encompasses
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physiological changes dependent on activation of the central nervous
system, the perception of these changes, subjective experience of
arousal, and motivated behavior (Geer et al., 1993; Rosen and Beck,
1988). Physiological responses specific to sexual arousal include genital
responses (erection in men and vaginal lubrication, clitoral, and vulvar
congestion in women), with the congestion leading to an increase in
pelvic vascular blood flow and resultant pelvic vasocongestion (Levin,
1998, 2003; Levin and Riley, 2007). Genital vasocongestion is also
associated with increases in genital skin temperature (Henson et al.,
1977; Webster and Hammer, 1983). The different components of sexual
arousal are integrated through positive feedback, such that initial
genital responses to a sexual stimulus direct attention to sexual cues,
inducing subjective arousal and increased genital responses if stimula-
tion is maintained (Barlow, 1986; Geer et al., 1993; Janssen et al.,
2000; Rosen and Beck, 1988).

Throughout time, an important focus of sexual psychophysiology
has been on the direct measurement of changes in the genitals that are
associated with sexual arousal. Extragenital peripheral measures such
as skin conductance and heart rate variability have also been studied,
but have been found to be indicators of general autonomic arousal and
not to be specific to sexual arousal (Zuckerman, 1971).

For men, the most commonly used genital measures include penile
volumetric plethysmography (Freund, 1963), mercury and Barlow
strain gauges (Bancroft et al., 1966; Barlow et al., 1970), rigiscan
monitoring (Bradley et al., 1985; Levine and Carroll, 1994), and penile
ultrasonography (Meuleman et al., 1992). For women, vaginal photo-
plethysmography has become the most widely used measure, with other
measures including pelvic magnetic resonance imaging (Maravilla and
Yang, 2008; Maravilla et al., 2005), labial thermistors (Henson et al.,
1977; Prause and Heiman, 2009), labial and clitoral photo-
plethysmography (Gerritsen et al., 2009; Prause and Heiman, 2009;
Prause et al., 2005), laser Doppler imaging (Styles et al., 2006; Waxman
and Pukall, 2009), clitoral ultrasonography (Buisson et al., 2008; Foldes
and Buisson, 2009), and heated oxygen electrodes (Beck and Baldwin,
1994; Levin, 2006) also being used. For review of measures of female
sexual response see Kukkonen, 2015; for review of both male and fe-
male sexual response measures see Janssen, 2001 and Zuckerman,
1971.

Although offering important contributions to the physiological
study of human sexual response, each of the above-mentioned instru-
ments is associated with a number of problems that limit or hinder its
use and that could constrain our understanding of human sexual
arousal. One important limitation concerns the fact that most current
instruments cannot be used in both men and women, which impedes
the comparison between male and female sexual response. Although an
anal probe suitable for measuring vascular and muscular activity during
sexual arousal for both genders does exist, it has rarely been used in
research (Bohlen and Held, 1979; Bohlen et al., 1980; Bohlen et al.,
1982) and only one study used a variation of this instrument to com-
pare male and female sexual response (Carmichael et al., 1994). Ad-
ditionally, the use of these instruments requires direct genital contact or
insertion, either by the participant or the experimenter. This constitutes
another limitation of these technologies, since their potential intru-
siveness may interfere with the activation and experience of sexual
arousal and thus influence the outcome measurement (Kukkonen et al.,
2006; Prause et al., 2005).

Standardization and between-subjects comparisons are also difficult
to establish using the currently available instruments. The absence of an
absolute measurement scale or calibration method in the case of tech-
niques such as vaginal and labial photoplethysmography makes it dif-
ficult to interpret and compare data between subjects (Janssen, 2001;
Prause et al., 2005; Prause and Janssen, 2006). Also, in the case of
penile plethysmography and rigiscan monitoring, it is still unclear how
strongly the output measures associate with clinically relevant levels of
penile rigidity. For these reasons, the task of establishing diagnostic
criteria using the current measures has been a challenge, since this
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requires between-subject comparability and standardization. This holds
true in spades for women, since none of the existent measures of phy-
siological sexual arousal have been used to establish diagnostic criteria
for female sexual arousal difficulties.

Finally, most existing measures of physiological sexual response do
not adequately account for variations in anatomy and physiology, in
particular in women. Normal variations in the length of the vagina can
lead to positioning differences for the vaginal probes used in plethys-
mography. Other individual differences in female anatomy and phy-
siological response such as resting levels of vaginal muscular tone and
vaginal moistness may also affect the photoplethysmograph signal
(Geer and Janssen, 2000). Moreover, participants' movements, in-
cluding muscle contractions, can easily alter the output of vaginal
photoplethysmography. This artifact is even likely to be intensified by
the experience of sexual arousal (Janssen, 2001), since muscular ac-
tivity in and around the vagina increases during sexual arousal (e.g.,
Bohlen et al., 1982).

1.2. Principles and advantages of infrared thermography as applied to sex
research

Infrared thermography (IRT) presents several advantages over ex-
isting measures of sexual response, including: (1) the same in-
strumentation can be used for both men and women, allowing for be-
tween-gender comparisons; (2) thermography does not require any
genital manipulation or contact; and (3) thermographic output, tem-
perature, is measured on a known absolute scale. The fact that IRT is a
remote sensing technique is a particularly important advantage, as the
measurement can be carried out without requiring — and thus poten-
tially being affected by — any physical contact.

The use of IRT as a means of assessing sexual arousal relies on three
basic principles: (1) that all objects with a temperature above absolute
zero constantly emit electromagnetic energy such as infrared radiation
at a level proportional to its temperature; (2) that it is possible to detect
infrared emission from membranes such as the skin by remote sensing;
and (3) that changes in genital temperature are an indirect marker of
sexual arousal, by indicating increased genital peripheral blood flow
(Bacon, 1976; Kukkonen et al., 2010).

Modern infrared cameras are able to measure the temperature of a
body by remotely detecting the infrared radiation emitted as well as to
provide a continuous reading of the object in focus through a visual
representation (Jones, 1998). These visual representations, called
thermograms or temperature “maps”, can be qualitatively and quanti-
tatively analysed, thus making it possible to detect subtle increases or
decreases in temperature (Seeley et al., 1980). The current infrared
thermographic equipment is able to determine average temperature
changes in an area of less than 1 mm of skin with a maximum precision
of 50mK in a very short period of time.

Due to all of its advantages, IRT has been established as an effective
tool in many different applications (Meola, 2012). In the field of sex
research, IRT has been utilized to measure sexual response in both men
and women since the 1980s (Abramson and Pearsall, 1983; Abramson
et al., 1981a; Abramson et al., 1981b; Beck et al., 1983; Seeley et al.,
1980). These initial studies used a technologically limited thermo-
graphic equipment and were vastly heterogeneous in study design,
populations investigated, and evaluation criteria applied. Still, the re-
sults of these studies provided early evidence of feasibility and dis-
criminant validity of IRT as a reliable measure of sexual arousal. These
initial studies were followed by a period during which IRT was not used
often, but about two decades later this technique gained renewed at-
tention within the field of sex research.

Considering the outlined research, the aim of the present review is
to address the gaps in the literature concerning the application of IRT to
the assessment of human sexual response, by providing a comprehen-
sive analysis of the empirical data published to date.
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2. Methods

A literature search was conducted combining the search terms
“thermography” and “sexual” using the PubMed, Web of Science, and
EBSCOhost databases (Academic Search Complete, PsycARTICLES,
Medline, Psychology and Behavioural Sciences Collection). The search
was restricted to titles, abstracts, and keywords of papers published in
English until June 2018. One article was added following a reference
list check. This approach yielded a total of 26 relevant studies. After a
first screening based on the titles and abstracts, studies were only in-
cluded if:

(1) the paper reported results of experimental or quasi-experimental
studies (i.e., reviews, theoretical papers, or commentaries were
excluded);

(2) the study had included the use of IRT as a physiological measure of
human sexual response (papers using other instruments such as
surface thermistors were excluded).

Six studies were excluded following criterion 1 and one by following
criterion 2. The remaining 19 studies included in our review are sum-
marized in Table 1.

3. Results

The studies that used IRT as a physiological measure of sexual
arousal were assessed and discussed with regard to two main dimen-
sions: methodological procedures (e.g., laboratory setting, participant
management protocol, data collection procedures) and study findings
relevant to the validity and feasibility of thermography as a measure of
sexual arousal. A summary of these results is presented in Tables 1 and
2.

3.1. Methodological procedures

3.1.1. Laboratory setting

To ensure image quality control, the design and environmental
conditions of the room where thermographic assessment takes place
should conform to a number of principles and criteria (Ammer and
Ring, 2012; Ring and Ammer, 2015). The acquisition room should be
carefully designed as to control for important variables that influence
thermographic reading, namely: ambient room temperature, relative
humidity, airflow, and incident lightning (Di Carlo, 1994; Ishigaki
et al., 1989; Issing and Hensel, 1982; Jones and Plassmann, 2002;
Mabuchi et al., 1997). Of all the nineteen studies analysed, most studies
do not report details regarding temperature, and none of them included
information about humidity or lightning of the experimental setting.

Regarding room average temperature, thirteen studies (68%) do not
include information about possible temperature variation in the ex-
perimental room over the course of the study. Of the six studies (32%)
that do report details on ambient temperature, the information pro-
vided generally conforms to the quality standards for the use of thermal
imaging, such that temperature range was held constant between ses-
sions with a variation of + 1 °C (see Table 2 for details).

None of the studies reported the relative humidity of the room over
the course of the thermographic sessions. This also applies to air-flow
and incident lightning, since no information was provided regarding
air-conditioning systems, or lightning conditions. When it comes to the
latter, the only exception is the study by Seeley et al. (1980), which
made use of a darkened room.

3.1.2. Participant management protocol

Studies were heterogeneous in sample size and participant demo-
graphics. Two papers have reported case studies (Obayashi et al., 2000;
Seeley et al., 1980). The remaining studies used sample sizes between
N = 3 (Abramson and Pearsall, 1983) and N = 84 (Sarin et al., 2016).
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Regarding age, studies included men and women ranging from 18 to
50 years.

Fourteen (74%) of the included studies used IRT to examine sexual
response in healthy participants while five studies (26%) focused on
clinical populations (see Table 1 for details). Of these five studies, three
investigated men with a diagnostic of erectile dysfunction (Ng et al.,
2009; Obayashi et al., 2000; Sarin et al., 2014), hypoactive sexual de-
sire disorder (Sarin et al., 2014), or the combination of erectile dys-
function and hypoactive sexual desire disorder (Sarin et al., 2014). The
two studies that used female clinical samples focused on women with
vaginismus, dyspareunia (Cherner and Reissing, 2013), female sexual
arousal disorder, hypoactive sexual desire disorder, or the combination
of the latter (Sarin et al., 2016).

With respect to experimental procedures relevant to participants'
preparation, both participant preparation guidelines and acclimation
times varied considerably across studies. Only three (16%) of the re-
viewed studies described the procedure used to prepare participants for
the thermographic assessment (Goldstein et al., 2016a; Huberman and
Chivers, 2015; Huberman et al., 2017). The protocol used in these
studies asked participants to refrain from: sexual activity for 24 h before
testing (Huberman and Chivers, 2015; Huberman et al., 2017); physical
exercise for 1 h before testing (Huberman and Chivers, 2015; Huberman
et al., 2017); using substances on the day of examination that may in-
fluence arousal (e.g., alcohol, tobacco, caffeine; Goldstein et al., 2016a;
Huberman and Chivers, 2015; Huberman et al., 2017); and using any
vaginal cream or lubricant within 24 h of the thermographic procedure
(Goldstein et al., 2016a).

With regard to acclimation time, five (26%) of the nineteen studies
did not include any information on the use of an adaptation period.
Acclimation time in the remaining studies varied between 1 and 15 min
(see Table 2).

3.1.3. Data collection procedures

Imaging protocols applied in the included studies were reviewed on
the following variables: sampling intervals (i.e., time interval between
capture of each thermographic image), participant/camera positioning
(i.e., views), and selected regions of interest (ROIs). Sampling intervals
ranged between 0.028 s and 5 min across studies (see Table 2).

Thermographic views of relevant anatomic areas depend on the
relative positioning of participant and instrumentation, and should be
defined in order to provide adequate imaging of the regions of interest.
Views were standardized in the majority of the studies, with the ex-
ception of Abramson and Pearsall (1983), who had couples capture
thermograms of each other. Three other studies did not provide in-
formation about camera and participant positioning (Goldstein et al.,
2016b; Ng et al., 2009; Payne et al., 2007). In the initial studies con-
ducted in the 1980s, views were defined the same way for men and
women, i.e., frontal views angled at 30° at a 0.91 m distance from the
participant. In more recent studies views have been defined in a slightly
different manner for male and female participants in order to adjust to
anatomical and physiological differences. The typical parameters of the
captured views in the reviewed studies are presented in Table 3.

Concerning the selected ROIs of each study, the most commonly
used ROIs for the analysis of thermal variation associated with sexual
arousal were the shaft of the penis in the case of men (n = 9; 47% of
studies investigating male samples), and the left labium majus in the
case of women (n = 8; 42% of studies investigating female samples). A
description of the ROIs utilized in the included studies is provided in
Table 4.

3.2. Empirical evidence on validity and feasibility of infrared thermography

3.2.1. Discriminant validity

3.2.1.1. Sexual arousal versus other psychophysiological states. Early
studies utilizing thermography found that genital temperature
increases in both men and women were specific to sexual arousal
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Table 3

Parameters used for thermographic views in male and female samples.
View parameters Men Women
Distance 0.55m - 5.5m 0.43m -5.5m
Height 0.67m - 3.0m 0.61m - 1.09m
Angle 30° diagonally left 20° frontal

Table 4

Regions of interest (ROIs) used for the assessment of sexual response using
infrared thermography.

ROIs Men ROIs Women
# of % of # of % of
studies studies studies studies
Shaft of the 9 47 Left labium 8 42
penis majus
Inner right 6 32 Clitoris 4 21
thigh”
Base of the 4 21 Inner right 5 26
penis thigh®
Glans of the 3 16 Vaginal 2 11
penis entrance
Scrotum 1 5 Vestibule 2 11
Labia (non- 1 5
specified)
Pubic bone 1 5
Right labium 1 5
majus
Vulva 1 5

Notes. ROIs arranged according to frequency of use. Relative values calculated
according to the total number of studies investigating male (N = 13) or female
samples (N = 14). Excluded from the analysis were Ng et al. (2009) due to
absence of information regarding ROIs, and Abramson and Pearsall (1983) due
to using an extra-genital ROI, i.e. pectoral region, only.

2 Control ROL

(e.g., Abramson et al., 1981a; Seeley et al., 1980). Almost three decades
later, recent studies applying more current-day thermographic
technology to the measurement of sexual response provided
additional support for the discriminant validity of thermography as a
measurement of sexual arousal. The skin temperature increase recorded
by thermography was again found to be specific to genital regions since
there were no significant changes in the non-genital control areas, i.e.,
the thigh (e.g., Huberman and Chivers, 2015; Kukkonen et al., 2007,
2010). Thermal imaging has also demonstrated to clearly differentiate
between sexual arousal and control conditions (neutral, humor, and
anxiety control conditions; e.g., Huberman and Chivers, 2015; Landry
et al., 2016). Studies using both positive (humor) and anxiety control
groups (e.g., Kukkonen et al., 2010) provided additional discriminant
validity for genital temperature as a measure of sexual arousal and were
in line with previous research using such control groups while using
other psychophysiological measures (Both et al., 2003; Kukkonen et al.,
2007; Laan et al., 1995; Prause et al., 2005).

3.2.1.2. Clinical versus sexually healthy groups. Genital thermography
has also been used to compare sexually healthy participants with men
and women with sexual difficulties. Cherner and Reissing (2013) found
that women with lifelong vaginismus exhibited physiological sexual
responses similar to comparison groups of women with lifelong
dyspareunia and women who reported pain-free intercourse, also
during the presentation of erotic films that depicted penile-vaginal
penetration. For women with lifelong vaginismus or dyspareunia,
genital temperature and subjective sexual arousal were not
significantly ~correlated, whereas for women with pain-free
intercourse these two measures were highly and positively correlated
(r = 0.55-0.59, P < .05). In a different study, Sarin et al. (2016)
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compared the psychophysiological patterns of women with female
sexual arousal disorder (FSAD), with hypoactive sexual desire
disorder (HSDD), with both FSDA/HSDD, and healthy controls. An
increase in genital temperature in response to sexual stimulus for all
groups of women was reported, with no significant differences between
groups. However, the association between genital temperature and
subjective sexual arousal was significantly different across groups, in
such a way that it was significantly stronger in healthy controls
compared to women with FSAD/HSDD (see Table 1).

In men, Sarin et al. (2014) used IRT to assess sexual response in
subjects with hypoactive sexual desire disorder (HSDD), erectile dys-
function (ED), or a combination of both ED and HSDD, and they com-
pared them to a group of men without sexual problems. Genital tem-
perature increased for all groups during erotic stimuli, but men with ED
and combined ED/HSDD showed a smaller change in genital tempera-
ture than men in the control group. Pairing thermal data with sub-
jective ratings of arousal revealed that physiological and subjective
arousal were highly correlated for controls but less strongly so for
clinical groups; among the clinical groups, men with ED showed the
lowest agreement between subjective and genital arousal. Two other
studies investigated sexual response patterns in men with ED using IRT
and both replicated the previous finding of increased genital tempera-
ture associated with erectile response (Ng et al., 2009; Obayashi et al.,
2000; see Table 1).

3.2.2. Convergent validity

The association between IRT and other sexual response instruments
has been investigated. Studies conducted by Huberman and Chivers
(2015) and Huberman et al. (2017) used concurrent thermography and
plethysmography measures and provided support for the convergent
validity of IRT. In both studies, the association between the different
measures, i.e., IRT and vaginal photoplethysmography (VPP)/penile
plethysmography (PPG), was evaluated and results indicated a sig-
nificant and positive association between them. Huberman and Chivers
(2015) found stronger associations between IRT and VPP (rhomge.si.
mutus = 0.62, P < .05; Temae-stimutus = 0.69, P = .001) than between IRT
and PPG (rhOmate stimutus = 0-47, P < .05; Tfomate-stimuius = 0.18, ns)."
Using the same sample from Huberman and Chivers' (2015), Huberman
et al. (2017) also found an association between measures, in such a way
that IRT was positively correlated with both PPG (r = 0.48) and VPP
(r = 0.45). In both studies, time to peak response was significantly
shorter when genital responses were assessed with VPP (M = 22.5s,
SD = 21.2, Huberman and Chivers, 2015; M = 20.8s, SD = 20.0,
Huberman et al., 2017) as compared to IRT (M = 441.6s, SD = 149.8,
Huberman and Chivers, 2015; M = 440.9s, SD = 121.6, Huberman
et al., 2017), and with PPG (M = 222.1s, SD = 196.7, Huberman and
Chivers, 2015; M = 228.7 s, SD = 198.1, Huberman et al., 2017) as
compared to IRT (M = 350.2s, SD = 169.8, Huberman and Chivers,
2015; M = 379.0s, SD = 173.2, Huberman et al., 2017).

3.2.3. Concurrent validity

Early studies utilizing thermography found that genital temperature
increases in both men and women highly correlate with self-reports
(e.g., Abramson et al., 1981b). In recent studies, discrete and con-
tinuous ratings of subjective sexual arousal have also been shown to
increase during the erotic condition and to be significantly and posi-
tively correlated with genital temperature for both male and female
participants, providing further support for the convergent validity of

1 In Huberman and Chivers (2015), Pearson correlations (r) were used for
analyses including normally distributed variables while Spearman correlations
(rho) were used for analyses including at least one skewed variable. Of note
that, for the female sexual stimulus, men's peak responses (not relative to
baseline) with IRT and PPG were strongly, significantly correlated, r = 0.57,
p =.003.
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genital temperature as a measure of sexual arousal (e.g., Hodgson et al.,
2016; Kukkonen et al., 2007, 2010% Sarin et al., 2014, 2016). Fur-
thermore, it has been demonstrated that the time course of changes in
subjective arousal follows more closely the time course of changes in
genital temperature than that of changes in penile circumference/VPA
(Huberman et al., 2017).

3.2.4. Other considerations

3.2.4.1. Gender differences. Differences between men and women have
been found regarding the patterns of genital temperature change in
response to erotic stimuli. Men's baseline genital temperatures were
found to be lower than women's and to show greater increases than
women's during the erotic film (Kukkonen et al., 2010; Landry et al.,
2016; Parada et al., 2018). Some studies reported similar patterns of
temperature change during the erotic clips between men and women,
with no significant differences in the time necessary to reach peak
temperature (men took approximately 11min and women took
approximately 12 min), suggesting similarity in the pattern of sexual
response between the sexes (Kukkonen et al., 2007, 2010). However,
other studies demonstrated that men reached peak genital temperature
more quickly (after approximately 6min) than women (after
approximately 7 min; Huberman and Chivers, 2015; Huberman et al.,
2017). Possible explanatory factors for these differences are considered
in the discussion. Huberman and Chivers (2015) also found that the
gender difference in gender specificity of arousal seems robust to
methodology, since data from IRT, VPP, PPG, and self-report
measures all congruently indicated that men's sexual responses were
gender-specific and women's responses were gender-nonspecific.
Additional gender differences reported in the reviewed studies
include genital temperature and subjective sexual arousal being
significant and positive time-varying covariates for men but not
women (i.e., in the case of men only, changes in genital temperature
significantly and positively predicted changes in subjective sexual
arousal and vice-versa; Hodgson et al., 2016).

3.2.4.2. Return-to-baseline. Another topic that is yet not sufficiently
established is the return-to-baseline (RTB) of sexual response assessed
through IRT. Of all the reviewed papers, only four (21%) used
procedures to assess RTB of IRT within the context of their studies
(Abramson and Pearsall, 1983; Huberman and Chivers, 2015;
Huberman et al., 2017; Seeley et al., 1980). Across these studies, a
variable period of either no stimulation (2min in Abramson and
Pearsall, 1983 and Seeley et al., 1980) or nonsexual stimulation
(5-12min in Huberman and Chivers, 2015 and Huberman et al.,
2017)* was utilized to assess decreases in the physiological pattern of
sexual response after the sexual stimulus is withdrawn. It has been
found that all or almost all participants returned to approximately their
baseline level of sexual arousal with IRT (i.e., during the RTB period
they were within 5% of their baseline genital temperature; Huberman
and Chivers, 2015; Huberman et al., 2017). No differences were found
in time to return to baseline across measures (VPA/PPG and self-
reported sexual arousal) or genders (Huberman and Chivers, 2015;
Huberman et al., 2017). However, Huberman et al. (2017) noted that
most participants did not reach a 5% increase in genital temperature
during the sexual stimuli, indicating that this criterion may not capture
a true return to baseline; instead, their findings suggest that baseline

2 For men and women, a significant association between genital temperature
and the continuous report of subjective sexual arousal was found for all time
periods of the sexual clip. However, the association between genital tempera-
ture and the discrete report of subjective sexual arousal was only significant for
the mid and last 5 min of the erotic clip (Kukkonen et al., 2010).

2 In these studies, the duration of RTB audiovisual stimuli for each participant
varied according to the amount of time required for genital temperature to
return to baseline; this duration did not significantly differ between men and
women (M = 7.05, SD = 2.08).
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plus 2% in women and 2.5% in men may be more appropriate criteria.

3.2.4.3. Menstrual cycle variability. Of the included studies assessing
women, eight of them (53%) controlled for menstrual cycle effects and
only included women who reported regular menstrual cycles (Cherner
and Reissing, 2013; Goldstein et al., 2016a; Hodgson et al., 2016;
Huberman and Chivers, 2015; Kukkonen et al., 2007, 2010; Parada
et al., 2018; Sarin et al., 2016), and seven of these tested naturally
cycling women in their follicular phase (within the first 12 days of their
menstrual cycle), whereas participants using oral hormonal
contraception were tested any day that they were taking hormone
pills (Cherner and Reissing, 2013" Hodgson et al., 2016; Huberman
and Chivers, 2015; Kukkonen et al., 2007, 2010; Parada et al., 2018;
Sarin et al., 2016).

3.2.4.4. Penile circumcision. To date, only one study has investigated
the effect of penile circumcision on penile temperature. In this study,
genital and nongenital sensations were compared between circumcised
and uncircumcised men, while assessing sexual arousal via thermal
imaging of the penis (Payne et al., 2007). In response to erotic stimuli,
both groups evidenced a significant increase in penile temperature,
which correlated highly with subjective reports of sexual arousal
(runcircumcisea = 0.77, P < .001; Teircumeised = 0.82, P < .001).
Uncircumcised men had significantly lower baseline penile
temperature than circumcised men and evidenced a larger increase in
penile temperature with sexual arousal. No differences in genital
sensitivity were found between the uncircumcised and circumcised
groups.

4. Discussion and future directions

Infrared Thermography is a remote and safe technique that permits
the acquisition and analysis of the temperature of large areas of the
body's skin surface. Although the application of IRT to the field of sex
research has been expanding since the 1980s, a number of important
questions about its use still remain to be answered. The critical as-
sessment of the included studies represents an attempt to comprehen-
sively summarize the procedures and evidence available so far, as well
as to identify important caveats in the literature.

Studies utilizing IRT as a physiological measure of sexual arousal
have provided us with promising results regarding the feasibility and
validity of this technique. Our review has shown that IRT is able to
detect patterns of temperature increase in men and women that are
specific to sexual stimuli and to genital (versus nongenital) regions,
indicating a strong discriminant validity. IRT successfully identified and
differentiated between patterns of physiological sexual arousal re-
sulting from neutral, anxiety, and positive affect (humor) stimuli in
both men and women (e.g., Kukkonen et al., 2007, 2010).

The use of IRT allows for the comparison of sexual arousal patterns
in men and women on the same, absolute scale (temperature), but the
findings of studies directly comparing men and women have been
complex and, at times, contradictory. Some studies have found patterns
of skin temperature change in response to sexual stimuli that were the
same for men and women, with no significant differences in the time it
took them to reach peak genital temperature (Kukkonen et al., 2007,
2010). In contrast, other studies found differences in the physiological
pattern of sexual arousal between men and women, in that men reached
peak genital temperatures more quickly than women (Huberman and
Chivers, 2015; Huberman et al., 2017). It should be of note that, across
studies, men demonstrated greater changes in genital temperature
during the erotic condition than women (Huberman and Chivers, 2015;

“In Cherner and Reissing (2013)'s study, all women were tested within the
follicular phase, with the exception of women who used continuous hormonal
contraception who were tested any day.
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Kukkonen et al., 2007, 2010; Landry et al., 2016; Parada et al., 2018). It
may be argued that this difference may be accounted for by the ana-
tomical differences in genital structure rather than by higher levels of
arousal, since previous studies have mainly used dissimilar anatomical
ROIs across sexes (i.e., penile shaft and labia majora). The dorsal artery
of the penis, which runs through the penile shaft, is likely to experience
greater blood flow changes than the smaller capillaries located
throughout the labia, which could explain the greater increase in
temperature observed in men (Tortora and Derrickson, 2012). Another
possible explanation for the reported gender differences may be related
to the erotic stimuli used in these studies. Whereas Kukkonen et al.
(2007, 2010) used 15-min clips depicting diverse coupled sexual ac-
tivities, Huberman and Chivers (2015) used 10-min sequences of five 2-
min excerpts of men or women masturbating. Futures studies should
explore the impact of stimulus intensity and duration on various aspects
(including latency to maximum) of genital temperature in more depth.

Regarding the age span of participants, studies conducted until now
have examined relatively young, and when it comes to women pre-
menopausal, samples, with a maximum age of 50 years. When ex-
amining samples of older healthy participants (ranging from 30 to
45 years-old), the magnitude of temperature changes associated with
sexual arousal was lower than in younger samples (Kukkonen et al.,
2010). Although other factors may have played a role, this points at the
possibility that age differences could have contributed to the observed
changes in physiological functioning, especially considering the finding
that subjective sexual arousal reported by both age groups did not differ
(Kukkonen et al., 2007, 2010).

IRT has demonstrated strong concurrent validity as a measurement
of sexual arousal. Across studies, IRT data have consistently shown
strong correlations with subjective sexual arousal, both as measured
continuously and discretely (e.g., Abramson et al., 1981b; Kukkonen
et al., 2010; Payne et al., 2007; Sarin et al., 2014). Also, the time course
of changes in subjective arousal has been found to be more similar to
the time course of changes in genital temperature than to that of
changes in VPA and penile circumference (Huberman et al., 2017),
although possible explanations for this effect are still to be explored.

With respect to convergent validity, studies indicate that genital
temperature changes consistently correlate with other sexual psycho-
physiological measures of genital response, such as VPA and penile
circumference (Huberman and Chivers, 2015; Huberman et al., 2017).
However, in one study IRT and PPG were weakly correlated for men's
preferred sexual stimuli (Huberman and Chivers, 2015). Considering
that penile circumference is one of the most well-established measures
used in sex research in respect to validity and underlying physiology,
reasons for such a low correlation between PPG and IRT still need to be
identified. One such reason may relate to the indicator used to compare
measures across studies. It is worth noting that, in Huberman and
Chivers' (2015) study, the relationship between IRT and PPG was weak
when maximal responses in the two measures were computed relative
to baseline, but when men's peak responses (i.e., maximal responding)
were examined alone, a stronger correlation between IRT and PPG was
found for men's preferred sexual stimuli. Thus, an important factor to
consider when assessing convergent validity of IRT should be the de-
pendent variable used for such comparisons. Since genital temperature
changes relatively slowly (Henson and Rubin, 1978; Payne and Binik,
2006), mean temperature may be a less sensitive measure and less
optimal for comparison with VPP/PPG, which change more quickly.
Maximal responding, on the other hand, may be particularly relevant
for this purpose, although the consideration of underlying physiological
mechanisms is still scarce and should prove relevant to inform this
discussion. Even though findings support a high convergent validity of
IRT, the correlations between IRT and the most traditional sexual
psychophysiological measures, while high in many cases, do indicate
that a substantial part of the variance is not shared. This raises im-
portant questions about the role and importance of ROI selection, of
potential variations in the association among ROIs, of differences
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between intra-vaginal and surface skin-related changes in blood flow,
and of a possible, relative disconnection between changes in volume
and temperature (e.g., of the penis, of the labia/glans clitoris).

Authors have also suggested that the different genital measures may
assess different aspects or phases of sexual response (i.e., earlier versus
later responses) based on the finding that time to peak response was
shorter with VPP/PPG than with IRT (Huberman and Chivers, 2015).
However, whether and how these differences reflect underlying func-
tional physiological changes is still unknown. As in other parts of the
body, it is possible that time delays exist in changes in vascular pro-
cesses and genital temperature (Caton et al., 1988; Johnson et al., 2014;
Johnson et al., 1974). Regarding changes in temperature of genital skin,
we are still lacking a gold standard to define what represents early
versus later phases of sexual response. If it is the case that VPA assesses
initial changes in blood flow before genital skin temperature changes
occur, then it could be argued that VPA captures a fuller range of
genital response, but includes changes a participant may not yet per-
ceive, which could partly explain the stronger connection between
changes in genital temperature and subjective arousal. At the same
time, some studies using the labial thermistor have shown that tem-
perature may be slower to return to baseline than other genital mea-
sures, although this result is not consistent across studies (Payne and
Binik, 2006; Prause and Heiman, 2009). With IRT specifically, no dif-
ferences in time to return to baseline across measures or genders have
been found (Huberman and Chivers, 2015; Huberman et al., 2017),
although only a minority of studies has examined this. At the time
being, we are still lacking definite answers to questions such as whether
similar numeric changes in temperature are equivalent in men and
women or even in different age groups, how long genital temperature
takes to return to baseline after the cessation of a sexual stimulus, or
how reliable it is between different testing sessions. The examination of
these questions is recommended as they would enhance the feasibility
of multimethod approaches to understanding human sexual arousal.
Overall, sufficient evidence exists to propose that genital skin tem-
perature oscillations coexist with genital blood flow oscillations, and
that there is a consistent correlation between them. Yet, the reasons for
the delay between genital blood flow/vascular diameter and tempera-
ture oscillations are, still, far from being fully understood and warrant
further research.

When it comes to its use in clinical populations, thermography has
been found to successfully differentiate between men with low sexual
desire and men with sexual arousal disorders (Sarin et al., 2014). IRT
has also shown the potential to differentiate between organic and
psychogenic ED (Ng et al., 2009). This is consistent with findings in
men using other measures, including penile circumference (e.g.,
Abrahamson et al., 1985; Sakheim et al., 1987). When assessing female
samples, an increased vulvar temperature of the clinical groups was
found with IRT in response to the erotic films, which is consistent with
the majority of studies on the physiological response of women with
dyspareunia (Brauer et al., 2006; Brauer et al., 2009; Brauer et al.,
2007; Payne et al., 2007). Additionally, physiological (i.e., thermal)
and subjective arousal have shown to be less strongly correlated in
clinical groups than in controls (Cherner and Reissing, 2013; Sarin
et al., 2014). These findings are also in line with studies using other
measures of sexual response in clinical groups (e.g., Abrahamson et al.,
1985; Brauer et al., 2007; McCall and Meston, 2007).

Regarding the criteria used for the inclusion or exclusion of parti-
cipants, a discrepancy is noted across the reviewed studies. In earlier
studies, selection criteria were not described and information about
participants was limited to age, gender, and, in one study, parity. The
more recent studies, however, do describe inclusion and exclusion cri-
teria, the most frequently used being common to other sexual psycho-
physiology studies (e.g., current use of medication that interferes with
sexual response, major medical or psychiatric illnesses, no previous
intercourse experience, irregular menstrual cycles in case of women).
However, specific criteria with the potential to interfere with the
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thermographic measurement are largely disregarded in most reviewed
studies.

The experimental procedures, including those relevant to the pre-
paration of participants, have also developed and become more rig-
orous over the years. This includes instructions given to the participant,
both before and during the examination, as well as the incorporation of
an acclimation period, which precedes the actual thermal assessment
(Ring, 1976; Roberts and Goodman, 1987; Mabuchi et al., 1995). Par-
ticipant acclimation is a critical step, as enough time must be allowed
for the subject's body to adjust to the ambient conditions of the la-
boratory and to reach a physiologic state of thermodynamic equili-
brium (Ammer, 2008; Ammer and Ring, 2012; Ring and Ammer, 2015;
Schwartz et al., 2006).

A marked heterogeneity was found in methodological detail and
approach across studies. The standard procedures for thermographic
imaging recommend that a stable ambient temperature must be main-
tained across sessions; that the humidity should be controlled to avoid
air moisture build up on the skin, perspiration, or vapor levels that can
interact with radiant infrared energy; that the impact of air con-
ditioning systems is minimized, and that standard fluorescent, instead
of incandescent, lighting is used (Jones and Plassmann, 2002; Ring
et al., 2009). Since the majority of studies failed to provide a descrip-
tion of important environmental controls, more detail and greater
clarity in the presentation and description of important environmental
controls is advised for future research. More specifically, it is advised
that incident lightning to the thermographed area should be avoided in
future studies to prevent undesired thermal radiation and consequent
measurement errors. This is justified by the implications of any source
of lightning (such as solar radiation of an incident light) including
undesired thermal reflections. Since the human body is not a flat sur-
face, it is more susceptible of having thermal reflections, which would
generate wrong measurements (Vardasca et al., 2017; Vollmer and
Klaus-Peter, 2017; Ring and Ammer, 2015). Therefore, it is better to
avoid the lighting effect than to keep it constant, since there is no as-
surance of constant lightning, the power source is based in phase and it
has oscillations, and in the case the experimental room is exposed to
solar light, outside natural solar light is also variable from time to time.

The guidelines established (Ammer, 2008; Ammer and Ring, 2012;
Ring and Ammer, 2015) also recommend a detailed preparation of the
participant prior to thermal examination as to decrease the possibility
of artifacts and to increase the accuracy of the results. Only three (16%)
of the reviewed studies described the procedures used to prepare par-
ticipants for thermographic assessment; for the remaining studies, it is
unknown whether these principles were taken into account and not
described, or whether they were not taken into consideration to begin
with. In addition, the duration of the adaptation or acclimation period
varied considerably across studies (between 1 and 15min), while a
minimum equilibration period of 15min is advised (Mabuchi et al.,
1995; Ring, 1976; Roberts and Goodman, 1987).

Beyond the importance and potential impact of subject preparation
and acclimation, more research is needed on variables that might po-
tentially interfere with accurate genital thermographic assessments. For
example, whereas there is initial evidence on the impact of circumci-
sion on thermographic measurement in men, it is as yet unknown what
the influence is, in both men and women, of the presence of pubic hair.
Also, temperature patterns and response levels may be affected by the
menstrual cycle in women. Menstrual cycle effects have been reported
for labial temperature change recorded during the follicular and luteal
phases of the menstrual cycle (Slob et al., 1991; Slob et al., 1996). The
effect of cycle variability on temperature responses and on concordance
of thermal and subjective measures among female participants is,
however, largely ignored across studies. Genital jewelry is another
factor that has been absent from the discussions. Further research as-
sessing its possible effects on thermographic measurement would be
beneficial for determining whether this should be an exclusion criterion
(cf. Ammer, 2008; Ammer and Ring, 2012; Ring and Ammer, 2015).
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The studies included in this review differed in the selected regions of
interest. Most commonly used ROIs were the shaft of the penis in the
case of men (47% of studies) and the left labium majus in the case of
women (42% of studies). Still, even in studies using the same ROI,
heterogeneity existed in the level of anatomical specificity. For in-
stance, in one study the selected ROI was the shaft of the penis, near the
base (Huberman and Chivers, 2015). In another study, however,
thermal variation was measured midway along the shaft (Sarin et al.,
2014). It is recommended that future studies select ROIs that take into
consideration specific anatomical and physiological variables, which
may influence temperature (e.g., vascularization, dermatomes, angio-
somes), and that use and compare a larger number of ROIs. Also, more
detailed information on ROIs could be presented. For example, none of
the reviewed studies included a graphical depiction or example picture
of the selected ROIs.

Overall, a wide array of questions remains to be explored, such as
what are the best ROIs and what factors should be taken into con-
sideration in their selection, what is the validity and relevance of each
ROI in reference to each other, and what do potential variations in the
association among ROIs say about this method, about sexual response,
and about its underlying physiology. Additional research efforts are
needed to consider reliable comparisons among men and women, in
terms of ROI selection, differences in size, anatomy, and physiology.

IRT is a remote sensing technique since it does not require genital
contact or insertion, which is an important advantage over other sexual
response measurement instruments. The level of discomfort and dis-
traction associated with IRT as well as with VPP/PPG has been explored
(Huberman and Chivers, 2015) and findings indicate that, overall, all
measures were considered comfortable but may be slightly distracting.
Still, the impact of the presence of a camera on sexual response patterns
remains to be established.

The marked discrepancy in methodological procedures across stu-
dies calls for a more detailed description, justification, and discussion of
the methodology guidelines and procedures used in previous and to be
used in future studies. Nevertheless, the results of the present review
indicate that the application of IRT to sexual psychophysiology has
proven to be valuable and informative, with convincing evidence con-
cerning its feasibility and validity.
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