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Abstract
Empathy for pain is at the basis of altruistic behaviors and is known to be modulated by variables such as group member-
ship, pleasantness or unpleasantness of situations and social relationships. Also, face attractiveness and aesthetic judgment 
might play a role when observing a person in painful conditions, by increasing individuals’ empathic responsiveness. Indeed, 
physical attractiveness can modify both the perception of the face itself and its reception in a social context. In the present 
study, we aimed to assess cortical activity when attention is focused on the aesthetic features of an individual showing pain-
ful feelings. Brain activity (optical imaging: functional near-infrared spectroscopy, fNIRS), considered in its hemodynamic 
components (oxygenated [oxy-Hb] and deoxygenated hemoglobin [deoxy-Hb]) was monitored when 22 subjects (Mage = 24.9; 
SD = 3.6) observed faces (attractive; unattractive) that received painful stimulations (pain; no pain) and were asked to judge 
the attractiveness and pain condition of the face. Specifically, we targeted the left and right inferior frontal gyrus (IFG), 
sensory cortex, and temporo-parietal junction (TPJ). Analyses revealed significant lower oxy-Hb levels in left IFG compared 
to right hemispheric channels when asking participants to rate faces attractiveness independently from the stimulus features. 
Besides, lower levels of deoxy-Hb were detected in the right TPJ for unattractive faces compared to attractive faces. Overall, 
present findings highlighted that the formulation of an aesthetic judgment and face attractiveness plays a relevant role in 
empathic concerns and this seems to be able to overlay painful appraisal.
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Article Highlights

• The aesthetic judgment of face stimuli overlays the evaluation of pain conditions.
• A hemispheric lateralization effect related to emotion was found for right IFG.
• Bilateral preparietal somatosensory association areas are involved in aesthetic judgment.
• Unattractive faces triggered a cognitive empathic response modulated by the right TPJ.
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Introduction

Do we help a person whom we consider attractive when in 
a painful situation? Or do we feel more empathic towards 
an unattractive person who is in trouble? The observation of 
a person in a painful or distress condition produces a func-
tional empathic response aimed to promote an evolutionary 
mechanism that drives to altruistic conduct (Singer et al. 
2004; de Waal 2008; Batson 2014). However, it is still not 
clear whether this behavior may be influenced by the physi-
cal attractiveness of the person and whether attractiveness 
may act as a sort of amplifier of empathy for pain.
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According to the perception–action model of empathy, 
empathic reactions frequently arise spontaneously, without 
a conscious (explicit) and demanding processing (Preston 
and de Waal 2002). In line with this, neuroimaging studies 
previously described that bottom-up neural networks con-
sisting of the anterior insula and anterior cingulate cortex 
(ACC) are activated by perception of others in pain and spe-
cifically mediate first-person physical pain experience and 
emotional empathy (Singer et al. 2004; Botvinick et al. 2005; 
Jackson et al. 2005; Saarela et al. 2007; Lamm and Singer 
2010; Shamay-tsoory 2015). While the cognitive process of 
comparing one’s perspective with the perspective of another 
person has been reflected by the top-down activation of the 
medial prefrontal cortex (mPFC) and temporo-parietal junc-
tion (TPJ) (Saxe and Kanwisher 2003). Specifically, TPJ has 
been previously associated to emotional regulation (Grecucci 
et al. 2013), social cognition (Allison et al. 2000) as well 
as to intentional agency (Van Overwalle 2009), and theory 
of mind (Frith and Frith 2003). Nevertheless, the empathic 
neural response is also modulated by other variables, such as 
the emotional bond between individuals (Singer et al. 2006), 
top-down attention to painful stimuli (Gu and Han 2007; Fan 
and Han 2008), social relationships and category member-
ship (Hornstein 1972) and ethnic groups belonging (Johnson 
et al. 2002; Han et al. 2009; Xu et al. 2009).

Subjective reports of empathic concern have also been 
hypothesized to be influenced by face attractiveness (Fu 
et al. 2014). Our experience modulates our face prototype 
model and our aesthetic judgment in a dynamic way (Rhodes 
et al. 2003). The attractiveness aftereffect phenomenon is 
an excellent example of the dynamics of our face prototype. 
This effect was previously investigated by Fu and colleagues 
(2014) employing near-infrared spectroscopy (NIRS) and 
their strongest evidence regards the changes in neural 
responses in right inferior frontal gyrus (IFG). More specifi-
cally, the greater is the behavioral attractiveness aftereffect 
(with faces rated as more attractive), the greater the changes 
in the neural attractiveness effect in terms of decrease of 
the hemodynamic oxygenated blood [O2Hb] activity in the 
right IFG. As the right IFG is consistently implicated in face 
attractiveness processing, this significant behaviour–neural 
response correlation suggests that this area may be sensi-
tive specifically to attention towards stimulus features (Fu 
et al. 2014). In line with previous studies, the right IFG and 
have also been specifically found to be associated with the 
judgment of attractiveness (Haxby et al. 2000; Aharon et al. 
2001; O’Doherty et al. 2003; Ishai 2007; Chatterjee et al. 
2009; Liang et al. 2010).

This study aimed to check the impact of the physical 
attractiveness of the face in a situation associated with 
the sensation of pain. There are few reports in the lit-
erature about the impact of facial attractiveness on empa-
thy, which nonetheless leads to ambiguous conclusion 

(Jankowiak-Siuda et al. 2015). Physical attractiveness can 
modify both the perception of the face itself and its reception 
in a social context. Physically attractive people are consid-
ered to be healthier, to have a better set of genes and they 
are also assigned to many positive features (the so-called 
“halo effect”) (Dixson et al. 2003). Also, facial attractive-
ness affects the feeling of positive emotions (Mehrabian 
and Blum 1997). Moreover, when a person is involved in 
an aesthetic experience related to the evaluation of body 
stimuli, an attentional modulation of different cortical sen-
sory regions involved in the perceptual processing of the 
perceived stimulus features is activated (Calvo-Merino et al. 
2010; Kirsch et al. 2016). The somatosensory cortices are 
also engaged in the detection and interpretation of pain faces 
(Simon et al. 2006), and pain experiences and expressions 
always involve a conscious sensory perception of somatic 
sensations described to be singular and diverse from basic 
emotions correlates (Craig et al. 2001). However, still, the 
role of facial attractiveness and aesthetic judgment when 
observing a person in a painful condition is not clear.

Given these premises, in our study, we examined the 
cortical neural response patterns associated with the face 
attractiveness while participants were asked to rate the 
attractiveness of attractive and unattractive faces in painful 
or non-painful conditions. In the current study, we decided 
to explore the influence of physical attractiveness on empa-
thy for pain utilizing fNIRS (functional NIRS) technique. 
To better understand the empathy for pain effect, we decide 
to draw the attention of the participants on the attractive-
ness and the pain of the face distinctly, as in Sheng and Han 
(2012) previous experiment. During the experimental proce-
dure, fNIRS technique was used for measuring brain hemo-
dynamic variations at the cortical level (15–25 mm under-
neath the scalp). fNIRS has been extensively used within 
the field of social neuroscience, ranging from the study of 
cognition, towards more complex emotional and interper-
sonal mechanisms. Despite the low time resolution if com-
pared to an electroencephalogram, fNIRS system has a good 
spatial resolution, a low sensitivity to body movements, it 
is portable, easy to use, non-invasive, and makes possible 
for participants to view face stimuli in a more naturalistic 
way. It is a relatively low-cost tool, suitable for exploratory 
neuroscientific studies that aim to identify cortical regions 
involved in perceptual, cognitive and emotional processes.

In the present study, we first hypothesized an effect for 
attractive stimulus and for the perception of painful stimuli 
per se, without an explicit request to evaluate face attractive-
ness or pain condition. Second, we aim to compare the effect 
of explicit question on attractiveness and question on pain, to 
explore the direct relationship between the two explicit eval-
uation processes. Indeed, we expected an effect of attractive-
ness on pain perception when the explicit request to evaluate 
stimulus is focused on attractiveness. In addition, we aim 
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to verify the role of different cortical areas in the aesthetic 
judgment of pain stimuli and pain processing. Specifically, 
we opted to consider and focus on some specific brain areas: 
TPJ as a marker of emotional regulation mainly towards pain 
stimuli; IFG as an indicator of the face and its attractiveness 
processing; and preparietal somatosensory association area 
for its midway modulation of aesthetic experience and pain 
face appraisal. Finally, we hypothesized that there might be a 
distinct lateralization effect for the cortical areas involved in 
physical attractiveness judgment, with the right hemisphere 
more active for stimuli with a negative connotation (painful 
and unattractive stimuli) and left hemisphere more active 
for stimuli with a positive connotation (attractive and non-
painful stimuli).

Methods

Participants

22 healthy Caucasian subjects (5 males; Mage = 24.9; 
SD = 3.6; 2 left handed) were recruited from the Catholic 
University of the Sacred Heart, Milan, Italy. Inclusion cri-
teria were normal, or corrected to normal, visual acuity, 
belonging to Caucasian ethnicity, age between 18 and 30. 
Exclusion criteria were: a history of psychiatric or neuro-
logical diseases; the presence of cognitive deficits; ongo-
ing concurrent therapies based on psychoactive drugs that 
can alter central nervous system functioning; clinically rel-
evant stress, anxiety; the occurrence of significant stressful 
life events during the last 6 months. All participants had a 
normal or corrected-to-normal vision. The respondents vol-
untarily agreed to participate in the study. They provided 
informed consent prior to participating in the study and they 
were debriefed after the experiment. This research was con-
ducted following the principles and guidelines of the Hel-
sinki Declaration and was approved by the Ethics Committee 
of the Department of Psychology of the Catholic University 
of the Sacred Heart.

Stimuli

Participants were shown a set of 60 stimuli of attractive (30; 
15 female) and unattractive faces (30; 15 female) with a 
neutral facial expression. Stimuli were selected from The 
Chicago Face Database (Ma et al. 2015; https ://facul ty.chica 
goboo th.edu/bernd .witte nbrin k/cfd/index .html) and inter-
net website: models.com. The attractiveness of faces was 
assessed with a pre-validation procedure by 24 judges who 
rated 287 photos on a 5-point Likert scale. After this proce-
dure, 60 stimuli were selected. These stimuli were presented 
in painful conditions (models had their cheek pricked with 

a needle) and in the non-painful condition (the cheek was 
touched by Q-tip cotton fioc) with 1920 × 1200 inch for size.

Procedure

Participants were seated in a dimly lit room, facing a com-
puter monitor that was placed 70 cm from the subject. Par-
ticipants were informed that the aim of the study was to 
collect information about face perception. In addition, they 
were asked to answer “yes” or “no” on the “question about 
attractiveness” (“Does this person is attractive?) and on 
the “question about pain” (“Does this person feel pain?”) 
when observing the stimuli. The two blocks were counter-
balanced. The stimuli were presented using E-Prime soft-
ware (E-prime2, Psychology Software Tool) running on a 
personal computer with a 15-in. screen. Participants were 
required to observe each stimulus during fNIRS measure 
recording, and they should attend to the images the entire 
time of exposition. 120 s resting baseline was registered at 
the beginning of the experiment before the picture series.

Each trial began with a fixation cross at the center of the 
computer screen that remained visible for 6 s. The fixation 
cross was replaced by a centrally presented face, which was 
displayed for a fixed duration of 1 s. Stimuli were presented 
in random order and were followed by a fixation cross vis-
ible for 6 s. During this interval, subjects were asked to rate 
faces attractiveness or pain (depending on the block and the 
two blocks were randomized). Inter-stimulus interval lasts 
12 s, while the whole experimental procedure lasted approxi-
mately 1 h (Fig. 1).

fNIRS acquisition and analysis

fNIRS measurements were conducted with NIRScout Sys-
tem (NIRx Medical Technologies, LLC. Los Angeles, Cali-
fornia) using an eight channel array of optodes (four light 
sources/emitters and four detectors) covering the frontal 
(Inferior Frontal Gyrus, IFG) and centro-parietal (Temporo 
Parietal Junction, TPJ) areas. Emitters were placed on the 
following positions: F7 and F8 for left and right IFG (BA 
45–47); CP5 and CP6 for left and right TPJ; FZ for inter-
mediate frontal (BA 08); CZ for preparietal somatosensory 
association area (BA 05). While detectors were placed on: 
F5 and F6 for left and right IFG; P5 and P6 for left and right 
TPJ; F1 and F2 for left and right intermediate frontal; C1 and 
C2 for left and right preparietal somatosensory association 
area (Fig. 2). Emitter–detector distance was kept at 30 mm 
for contiguous optodes and near-infrared light of two wave-
lengths (760 and 850 nm) was used. NIRS optodes were 
positioned on the subject’s head using a NIRS cap accord-
ing to the international 10/5 system. Resulting channels 
are reported: Ch 1 (FZ–F1), Ch2 (FZ–F2), Ch3 (F7–F5), 
Ch4 (F8–F6), Ch5 (Cz–C1), Ch6 (Cz–C2), Ch7 (CP5–P5) 

https://faculty.chicagobooth.edu/bernd.wittenbrink/cfd/index.html
https://faculty.chicagobooth.edu/bernd.wittenbrink/cfd/index.html
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and Ch8 (CP6–P6). With NIRStar Acquisition Software, 
changes in the concentration of oxygenated (O2Hb) and 
deoxygenated hemoglobin (HHb) were recorded continu-
ously throughout the task, starting from a 120 s resting base-
line. Signals obtained from the eight NIRS channels were 
acquired with a sampling rate of 6.25 Hz and analyzed and 
transformed with nirsLAB software (v2014.05; NIRx Med-
ical Technologies LLC, 15Cherry Lane, Glen Head, NY, 
USA), according to their wavelength and location, result-
ing in values for the changes in the concentration of oxy 
and deoxygenated hemoglobin for each channel, scaled in 
mmol*mm. The raw O2Hb and HHb data from each chan-
nel were digitally band-pass filtered at 0.01–0.3 Hz. Then, 
the mean concentration of each channel was calculated by 
averaging data across the trials, an average value for each 
condition was calculated starting from the stimulus onset 
presentation for the following 6 s. The mean concentration 
value of 6 s before the trial was used as an event-related 
baseline. According to the mean concentrations in the time 
series, the effect size in every condition was calculated for 
each channel and subject. The effect sizes (Cohen’s d) were 
calculated as the difference of the means of the baseline and 
trial divided by the standard deviation (sd) of the baseline: 
D = (m1−m2)/s, with m1 and m2 being the mean concentra-
tion values during baseline and trial, respectively, and s the 
SD of the baseline. Then, the effect sizes obtained from the 
eight channels were averaged to increase the signal-to-noise 

ratio. Although NIRS raw data were originally relative val-
ues and could not be directly averaged across subjects or 
channels, effect sizes normalized data could be averaged 
regardless of the unit since the effect size is not affected by 
differential pathlength factor (DPF).

Results

Data analysis

Behavioral data related to subjects’ responses were analyzed 
in terms of accuracy during the two blocks. Response accu-
racies were calculated as the percentage of correct responses 
on the total responses for attractive/non-attractive and pain/
non-pain stimuli. Chi-square analysis (χ2) was applied to 
determine differences in the conditions attractive/non-attrac-
tive and pain/non-pain for behavioral data.

A set of four ANOVA models was applied to fNIRS-
dependent measures (on both O2Hb and HHb), with 
question (2: question on attractiveness, question on pain); 
attractiveness (2: attractive, non-attractive); pain (2; 
pain, no pain); Channel (8: Ch1, Ch2, Ch3, Ch4, Ch5, 
Ch6, Ch7, Ch8) as within variables. For all the ANOVA 
tests, the degrees of freedom were corrected using Green-
house–Geisser epsilon where appropriate. Post hoc com-
parisons (contrast analyses) were applied to the data. 

Fig. 1  Schematic illustration of the procedure
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Bonferroni test was applied for multiple comparisons. 
Also, the normality of the data distribution was prelimi-
nary tested (kurtosis and asymmetry tests). The normality 
assumption of the distribution was supported by these pre-
liminary tests. Data were checked for outliers, and data > 3 
standard deviation was deleted (Hoaglin et al. 1987). A p 
value of less than 0.05 was considered statistically signifi-
cant for all the tests (Chi-square and ANOVA).

Behavioral data

Response accuracies were high for both questions on 
attractiveness and pain. For the block related to question 
on attractiveness, the accuracy was 97.11% for attractive 
pain stimuli; 97.45% for attractive no pain stimuli; for 
the block related to question on pain, the percentage of 
correctness was 98.34% for non-attractive pain stimuli; 
97.87% for non-attractive no pain stimuli.

No significant differences were found in Chi-square anal-
ysis applied to attractive/non-attractive and pain/non-pain 
percentages (all p > 0.050).

fNIRS

The statistical analyses were applied to d-dependent measure 
for O2Hb and HHb concentration values.

For question on attractiveness, a main effect for “Chan-
nel” (F[1,14] = 4.859, p ≤ 0.050, ƞ2 = 0.25) was found for 
O2Hb values (Fig. 3a, b). Pairwise comparisons revealed 
significant decrease of O2Hb for Channel 3 compared to 
Channel 4 (p ≤ 0.050), Channel 5 (p ≤ 0.050), Channel 
6 (p ≤ 0.050), and Channel 8 (p ≤ 0.050). An interaction 
effect attractiveness × channel (F[1,16] = 2.367, p ≤ 0.050, 
ƞ2 = 0.12) was found for HHb values (Fig. 3c, d). Pairwise 
comparisons show significant difference (p ≤ 0.050) for 
channel 8 (CP6–P6) between attractive and non-attractive 
condition.

Regarding the question on pain, no significant differences 
were found for O2Hb and HHb values (all p > 0.050). No 
significant differences were found for O2Hb and HHb in 
the interaction attractiveness × pain × channel (all p > 0.050) 
(Fig. 4a–d).

Discussion

This study provided new insights into the contribution of 
aesthetic judgment and attractiveness of face stimuli as vari-
ables involved in empathy for pain construct. Subjects were 
asked to evaluate explicitly attractiveness and pain condi-
tion of the same set of stimuli (attractive–unattractive and 
pain–no pain) in two different randomized experimental 
blocks (aesthetic judgment and pain judgment), to test a pos-
sible effect of attractiveness on empathic reaction fronting 
painful stimuli.

In neuroscience literature, the effect of facial attractive-
ness is well known and it was shown to be widespread in 
the brain involving the activation of subcortical and cor-
tical neural structures (i.e., from amygdala to IFG, ACC, 
somatosensory areas, TPJ) (Aharon et al. 2001; O’Doherty 
et al. 2003; Ishai 2007; Chatterjee et al. 2009; Liang et al. 
2010; Fu et al. 2014). However, to date, this is the first time 
fNIRS technique potential was exploited to verify the role 
of different cortical areas in the aesthetic judgment of pain 
stimuli and pain processing. Two main major findings were 
obtained.

First, a significant increase of O2Hb in an extended neural 
network including right IFG, right preparietal somatosen-
sory association area, and right TPJ was found in compari-
son to left IFG, when participants were requested to express 
the aesthetic judgment. For left IFG, O2Hb values were 

Fig. 2  Head rendering showing the location of fNIRS channels. Red 
for emitters: F7 and F8 for left and right IFG (BA 45–47); CP5 and 
CP6 for left and right TPJ; FZ for intermediate frontal (BA 08); CZ 
for preparietal somatosensory association area (BA 05). Purple for 
detectors: F5 and F6 for left and right IFG; P5 and P6 for left and 
right TPJ; F1 and F2 for left and right intermediate frontal; C1 and 
C2 for left and right preparietal somatosensory association area
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lowest than other channels, signaling that this area might 
be sensitive to the explicit request to provide a judgment 
of attractiveness, independently from the stimulus. A pos-
sible explanation for this generalized effect might be that 
when asking subjects to evaluate stimulus attractiveness 
their attention shift to another evaluation level (the aesthetic 
one) that overlay the pain condition. Therefore, it is possible 
to suggest that, even in the context of empathy for pain, the 
empathic neural response can be modulated by other vari-
ables, such as the focus on the aesthetic judgment that was 
previously widely explored in neuroaesthetics studies and 
was demonstrated to involve specific frontal regions (Ishizu 
and Zeki 2013).

In addition, it is worth noticing that our result contains an 
interesting lateralization effect in the frontal brain regions 
with the right IFG more active than left IFG. This is partially 
in contrast with previous findings highlighting a variation 
(decrease) of O2Hb in right IFG when judging face as more 
attractive in the context of face perception (Fu et al. 2014). 
Nevertheless, right anterior hemisphere activity correlates 
with emotional elicitation (Schwartz et al. 1975), thus we 
suppose that this right IFG activation might be interpreted 
as a strong emotional implicit reaction to the request of 
expressing an aesthetic judgment. In line with this, it is pos-
sible to observe that the formulation of an aesthetic judg-
ment masked the effect of pain. Therefore, conversely, the 

increased right IFG activity may be considered as a sig-
nificant effect of emotion regulation in reappraising facial 
stimuli from an aesthetic perspective, even if depicting neu-
tral facial expression (Fusar-poli et al. 2009; Martin-Loeches 
et al. 2014). This interpretation is in line with the right hemi-
sphere hypothesis, which postulates that the right half of the 
brain is specialized for processing all emotions, regardless 
of affective valence (Borod et al. 1998). While regarding the 
bilateral preparietal somatosensory association areas O2Hb 
increase, it is likely to depend on the participants’ involve-
ment in an aesthetic judgment task related to the evaluation 
of body stimuli (e.g., faces). In this context, an attentional 
modulation of different cortical sensory regions activity 
seems to be associated more to the perceptual processing 
of the perceived stimulus features than to attractiveness and 
pain variables.

Second, an effect was found for HHb levels with TPJ 
more sensitive to the presence or absence of physical attrac-
tiveness in facial stimuli. Specifically, right TPJ activa-
tion was detected as an answer to unpleasant unattractive 
stimuli compared to attractive stimuli. Indeed, the decrease 
of HHb levels could be read at first as an inverse activity 
index suggesting the presence of O2Hb in the right areas 
when the person is perceiving negatively connoted faces as 
unpleasant per se, independently from the pain condition. 
Previous basic research suggested that TPJ activity might be 

Fig. 3  a Bar graph shows 
significant differences in mean 
O2Hb D values for the eight 
Channels [Ch 1 (FZ–F1), Ch2 
(FZ–F2), Ch3 (F7–F5), Ch4 
(F8–F6), Ch5 (Cz–C1), Ch6 
(Cz–C2), Ch7 (CP5–P5) and 
Ch8 (CP6–P6)] during the 
aesthetic judgement condition; 
b head representation of O2Hb 
variations (red color) in target 
channels: decrease O2Hb for 
left IFG (Ch 3), increase O2Hb 
for right IFG, preparietal soma-
tosensory association areas (Ch 
5 and Ch 6), and for right TPJ 
(Ch 6); c bar graph represents 
significant differences in mean 
HHb D values for right TPJ 
(Channel 8; CP6–P6, during the 
aesthetic judgement condition 
when participants observed 
unattractive compared to attrac-
tive stimuli; d head representa-
tion of HHb variations (blue 
color) shows a decreased of 
HHb in right TPJ for unattrac-
tive faces. For all charts, bars 
represent ± 1 SE; asterisks mark 
statistically significant differ-
ences with p ≤ 0.05
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modulated by cognitive empathy and top-down evaluation of 
empathic stimuli (Saxe and Kanwisher 2003); however, this 
right hemisphere activation seems to be related specifically 
to negative-valenced stimuli. In line with this, several studies 
previously highlighted that cortical right hemisphere hemo-
dynamic activity seems to be more involved than the left 
side in processing negative cue (Balconi and Vanutelli 2016; 
Balconi et al. 2015; Balconi and Mazza 2010). The valence-
specific hypothesis could be adopted to explain this result 
(Balconi and Pozzoli 2003; Junghöfer et al. 2001; Morita 
et al. 2001; Wedding and Stalans 1985). The cortical hemo-
dynamic response is highly conditioned by the detection 
and evaluation of aversive negative cue and a mechanism 
of vigilance assigned to maintain a state of alertness when 
salient stimuli are encountered is likely to be located at the 
right brain hemisphere (Balconi et al. 2009; Balconi and 
Ferrari 2013).

Thus, according to previous research, it seems that, 
despite the painful condition, negative unattractive stimuli 
can trigger the activation of right brain TPJ areas involved in 
cognitive empathic response. Therefore, it seems possible to 
deduce that we feel more empathic towards an unattractive 
person regardless of whether he/she is in trouble.

The interpretation of a lower level of HHb as a marker of 
O2Hb presence is based on previous studies documenting 
that in some circumstances these two types of signals may 
respond in opposite directions during neural activation (Cui 
et al. 2010). Signal quality could be a possible explanation 
for discrepancies in findings. It is well known that O2Hb 
signals are more sensitive than HHb signals to changes in 
cerebral blood flow and have a higher signal-to-noise ratio 
(Strangman et al. 2002). Perhaps, for this reason, the major-
ity of existing fNIRS studies have mainly reported results 
based on O2Hb signals rather than HHb signals. In line with 
the existing findings, we also opted for describing changes in 
neural responses in terms of HHb concentration as related to 
O2Hb variations. Nonetheless, future studies should deepen 
the functional significance of HHb decrease in complex neu-
ral networks including TPJ.

Therefore, we found a distinct lateralization effect for the 
cortical areas involved in rating attractiveness, with left IFG 
less active than the right hemispheric channels, specifically 
when asking participants to focus on the aesthetic judgment 
of face stimuli. While for the facial attractiveness features, 
a right hemisphere (specifically TPJ) enhanced activity was 
found for stimuli with a negative connotation (unattractive 

Fig. 4  Bar chart shows mean hemodynamic values of the interac-
tion attractiveness × pain × channel [Ch 1 (FZ–F1), Ch2 (FZ–F2), 
Ch3 (F7–F5), Ch4 (F8–F6), Ch5 (Cz–C1), Ch6 (Cz–C2), Ch7 
(CP5–P5) and Ch8 (CP6–P6)] divided per question. Specifically, 
for question attractiveness: a bar graph shows O2Hb D values, and 

b bar chart represents HHb D values of the interaction attractive-
ness × pain × channel. For question pain: c bar graph displays O2Hb D 
values, and d bar chart shows HHb D values of the interaction attrac-
tiveness × pain × channel. Bars represent ± 1 SE
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stimuli compared to attractive stimuli). In contrast to our 
hypotheses, a left lateralization effect was not found for stim-
uli with a positive connotation per se (attractive and non-
painful stimuli). Future studies will be necessary to explore 
if individuals are more prone to empathize with a person 
considered attractive within the empathy for pain context.

To the best of our knowledge, the present study is the 
first attempt to examine the influence of attractiveness on 
empathy for pain using fNIRS technique. At present, no sig-
nificant interaction effects were found between face attrac-
tiveness and pain in O2Hb signal. In a previous fMRI study 
on physical attractiveness and sex as modulatory factors of 
empathic brain responses to pain, no significant activation 
was found when highly attractive faces were compared to 
less attractive ones within the pain condition, instead a sig-
nificant interaction was found for attractiveness and the sex 
of the stimuli (Jankowiak-Siuda et al. 2015). Also, increased 
blood oxygenation level-dependent signals were found in the 
brain area related to empathy for pain (i.e., anterior insula 
and anterior cingulate cortex) when observing painful face 
stimuli with a different gradient of attractiveness, however, 
without clearly establishing if less or more attractive painful 
stimuli determined this activation (Jankowiak-Siuda et al. 
2015). Despite these authors had the merit of suggesting 
attractiveness and sex of stimuli might constitute modulators 
of pain empathy, future studies are needed to better deter-
mine and clarify the relationship between face attractiveness 
and pain in O2Hb.

More generally, in the present study, differently from 
what expected, we did not find an effect for attractive stimu-
lus and for the perception of painful stimuli per se, with-
out an explicit request to evaluate face attractiveness or 
pain condition. Indeed, present findings may suggest that 
when aesthetic judgment is involved, pain stimuli might be 
attenuated and covert. While when the explicit request to 
evaluate pain is formulated, no specific differences were 
found between subjects and stimuli. Perhaps the absence 
of a significant effect might be due to the presence of the 
attractiveness condition that, indeed, smooth differences in 
pain and delete this effect. Aesthetic judgment and stimuli 
attractiveness might, therefore, trigger an empathic response 
that is independent of pain, going in the direction on the 
evaluation of attractive or non-attractive instead of a painful 
or non-painful condition.

This study is not without some limitations. Indeed, to 
ascertain the robustness of our neural findings and explore 
the other important subcortical and cortical correlates, future 
studies might consider using functional magnetic resonance 
imaging (fMRI), that is able to overcome fNIRS limited 
spatial resolution, either an fNIRS-EEG co-registration 
paradigm, to gather the neural response in real-time with 
higher temporal resolution. Moreover, self-report meas-
ures of empathy, such as the Balanced Emotional Empathy 

Scale (Mehrabian and Epstein 1972) and the Interpersonal 
Reactivity Index (Davis 1980) should be integrated in future 
research to control if and how emotional and cognitive 
empathy traits might be related to the activation of the dis-
tinct neural correlates of aesthetic judgment (IFG) and face 
attractiveness (TPJ).
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