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Abstract Research on brain areas involved in experiencing
emotion and physical pain is abundant; however, psycholog-
ical pain has received little attention in studies of the brain.
The purpose of this systematic review was to provide an
overview of studies on brain function related to psychological
pain. The review was limited to studies in which participants
experienced actual psychological pain or recalled a significant
autobiographical event that may be assumed to have involved
psychological pain. Based on results of the studies (N018), a
tentative neural network for psychological pain is proposed
that includes the thalamus, anterior and posterior cingulate
cortex, the prefrontal cortex, cerebellum, and parahippocam-
pal gyrus. Results indicated that grief may be a more accurate
exemplar of psychological pain than recalled sadness, with
indications of greater arousal during psychological pain. The
proposed neural network for psychological pain overlaps to
some extent with brain regions involved in physical pain, but
results suggest a markedly reduced role for the insula, caudate,
and putamen during psychological pain. Psychological pain is
well known for its association with depression and as a pre-
cursor of suicidal behavior. Thus, identification of brain areas
involved in psychological pain may help guide development
of interventions to decrease mortality and morbidity.
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Introduction

Psychological pain may be as old as human self-awareness,
but it remains immature as a concept in that its unique nature
and complexities are minimally understood. Unlike physical
pain it has received little attention in studies of the brain
(Biro 2010). Research on physical pain is abundant and the
network of brain areas involved in such pain is well de-
scribed (Apkarian et al. 2005; Hudson 2000; Schnitzler and
Ploner 2000). Similarly, brain areas involved in emotions
(e.g. sadness, happiness, anger, fear, disgust) are well stud-
ied and comprehensively reviewed (Davidson and Irwin
1999; Phan et al. 2002; Wager et al. 2003). However, none
of these reviews have addressed psychological pain.

Mee et al. (2006) were the first to suggest specific brain
areas that may play a role in psychological pain. Based on a
review of studies on grief, social exclusion, and induced
sadness, they concluded that brain areas involved in psy-
chological pain overlap with the physical pain network,
particularly the insula, prefrontal cortex (PFC), and anterior
cingulate cortex (ACC). Only the somatosensory cortices
were uniquely activated in physical pain. While other
authors have also suggested that psychological pain and
physical pain use similar areas of the brain (Biro 2010;
Macdonald and Leary 2005), this assertion has been based
on a variety of studies that did not assess actual psycholog-
ical pain. A further limitation of these studies is the large
heterogeneity in methods used to evoke emotions, which
included watching sad film clips, displaying sad photos or
pictures, reading sad words or sentences, recalling sad
events, and playing a game that involved exclusion.

Based upon analysis of the literature to date, psycholog-
ical pain was defined as “a lasting, unsustainable, and un-
pleasant feeling resulting from negative appraisal of an
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inability or deficiency of the self” (Meerwijk andWeiss 2011).
This definition is the result of a synthesis of perspectives from
existing concepts and theories of psychological pain. Psycho-
logical pain is a lasting feeling in that it endures, it does not
pass quickly and it takes time to resolve. One does not expe-
rience psychological pain for just a few seconds or minutes.
Usually, it is hours, days, weeks, or even longer, although the
intensity of the pain may vary during that period. Examples of
situations that may cause psychological pain include a) the
inability to protect oneself or a loved one from injury, disease,
or embarrassment, b) feeling deficient because of a lack of
love or affiliation, or because of lost autonomy due to a
pervasive illness. The needs to love, be loved, to affiliate,
and to avoid harm are core psychological needs that were
described by Murray in 1938 (2008). In his theory of psycho-
logical pain, Shneidman (1998) has noted that frustration of
psychological needs may cause unbearable psychological
pain. Grief over losing a loved one, for example, represents
a frustration of the need to love and be loved, and a frustration
of the need to protect someone who is cared about deeply.
Psychological pain is the result of negative appraisal of this
inability or deficiency of the self.

Although psychological pain has the potential to foster
personal growth and an enhanced sense of meaning, it has
been associated to a greater extent with decreased mental
well-being. In particular, it has been identified as a symptom
in major depressive disorder (MDD) and as a precursor of
suicidal ideation and behavior (Chavez-Hernandez et al.
2009; Mee et al. 2011; Olié et al. 2010; Orbach et al.
2003a; Pompili et al. 2008; Shneidman 1998; Troister and
Holden 2010). In this sense, psychological pain is unsus-
tainable in that it cannot be endured indefinitely without
adverse consequences. Growing evidence points to the neg-
ative effects of poor mental health on physical health (Prince
et al. 2007; Weiss et al. 2009). Thus, identification of brain
areas involved in psychological pain may help guide devel-
opment of interventions to decrease mortality and morbidity.

The purpose of this paper is to provide an up-to-date
overview of studies on brain function related to psycholog-
ical pain. This systematic review was limited to studies in
which current psychological pain was assessed and studies
in which participants recalled an autobiographical sad event
(e.g. loss of a close friend or family member, a relationship
break-up), as this was assumed to evoke a mood state closer
to actual psychological pain than externally generated meth-
ods (e.g. viewing sad pictures or films). Evidence indicates
that recall of autobiographical events is an effective method
of mood induction (Martin 1990). Specific aims of the
review were (a) to describe a potential brain network for
psychological pain by identifying brain areas that are acti-
vated during the experience of psychological pain, and (b) to
identify the extent of overlap between brain areas involved
in psychological pain and physical pain.

Methods

Search strategy

Medline was accessed for literature with search terms per-
taining to psychological pain and brain function; publica-
tions were selected if they matched the combination of these
terms. Because various alternatives are used in the literature
to refer to psychological pain, a broad search strategy was
used including terms like psychological pain, mental pain,
emotional pain, psychic pain, and psychache. Publications
that mentioned suicide, negative affect, or the combination
of pain and emotions were also included as possibly pertain-
ing to psychological pain, as were articles that mentioned
suffering, anguish, or torment in the title. Search terms
pertaining to brain function included brain, brain function,
brain activity, and brain mapping. Combination of the
search terms for psychological pain and brain function
resulted in 1335 hits up to the publication year 2011, while
excluding reviews and limiting to articles on humans pub-
lished in English.

After assessing the titles for applicability, 128 articles
remained of which the abstracts were read. Based on these
abstracts, another 73 articles were excluded because they (a)
did not report results of a neuroimaging study, (b) reported
on simulated, imagined or anticipated nociceptive pain or an
affective response to a real nociceptive pain stimulus, (c)
reported on an affective response other than psychological
pain (e.g. fear, anger, anxiety, aversion) or the affective
response was unknown, and (d) did not fit our established
definition of psychological pain. The remaining 55 articles
were obtained, and another 10 articles were identified via
reference lists. As a final limitation, unless they specifically
assessed psychological pain, studies were excluded if they
did not use a significant autobiographical event to reexperi-
ence the sad mood state associated with that event. This left
18 articles that could be used for this review. Use of these
criteria aimed to comprise a more homogeneous set of
studies so that the analysis would not be confounded by
vastly different methods or definitions of psychological
pain.

Analysis

If studies reported nonspecific labels to refer to brain areas
(e.g. occipital cortex rather than a more specific subregion
like cuneus or lingual gyrus), either the reported Brodmann
area ([BA], Strotzer 2009) or Talairach coordinates (Talairach
and Tournoux 1988) were used to find a more specific
label with the Talairach client software developed by the
International Consortium for Brain Mapping (Lancaster et
al. 1997; Lancaster et al. 2000). If coordinates were reported
in the Montreal Neurological Institute reference system
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(Collins et al. 1994), a conversion to Talairach space was
carried out using the BrainMap software developed by
the Research Imaging Institute, University of Texas Health
Science Center San Antonio (Eickhoff et al. 2009). To
facilitate interpretation, all reported labels referring to the PFC
(e.g. orbitofrontal cortex, frontal gyri) were relabeled as
Brodmann areas 8 – 11 or 44 – 47, using the aforementioned
software tools.

A pragmatic stance was taken to focus on brain regions
for which at least three studies reported activation, regard-
less of whether other studies had reported deactivation, or
vice versa. A difference of three in observed frequency
corresponds to a χ2>10.827 (df01, p<.001) under a null
hypothesis that no activity change would be observed (N018).
When activation differences were tested between two sub-
samples, Fisher’s exact test was reported instead of χ2 because
Fisher’s exact test is more appropriate when sample sizes and
expected cell sizes are small (Munro 2005). For those
comparisons that did allow meaningful χ2 analysis, built-in
functions in Microsoft Excel® 2008 for Mac (version 12.2.7)
were used. Fisher’s exact test was performed in PASW
Statistics® for Mac (version 18.0).

Results

Table 1 shows the general characteristics of 18 studies that
met the criteria for this review. Indicative of a dearth of
research on psychological pain and brain function, only two
studies (Reisch et al. 2010; van Heeringen et al. 2010) were
found that used actual measures to assess current psycho-
logical pain. The remaining studies assessed brain function
in participants who experienced grief or who recalled grief
(n04), or who recalled sadness (n012). Many of the studies
had subjects recall how they felt after they had lost some-
body close to them (e.g. a parent, sibling, spouse, baby). In
other studies, subjects recalled break-up of a romantic rela-
tionship, and sometimes illness of a loved one was recalled.

Among the results of our search strategy were studies on
social pain that resulted from social exclusion (Eisenberger et
al. 2003; Onoda et al. 2009). Although, these studies fit our
definition of psychological pain (social exclusion represents a
frustration of the need to affiliate, which is an inability of the
self that is negatively appraised), we did not include them in
our review because they employed an experimental manipu-
lation, rather than a real-life autobiographical event that

Table 1 General characteristics of studies included in this review (N018)

Author Year Reference Condition Gender Design Population Mapping

assessed psychological pain

Reisch et al. 2010 neutral mood task 8f w attempted suicide fMRI

van Heeringen et al. 2010 low psychological pain 17 m/22f b MDD SPECT

current/recalled grief

Kersting et al. 2009 neutral mood task 24f b healthy fMRI

O’Connor et al. 2008 neutral mood task 23f b healthy fMRI

Najib et al. 2004 neutral mood task 9f w healthy fMRI

Gündel et al. 2003 neutral mood task 8f w healthy fMRI

recalled sadness

Keedwell et al. 2005 neutral mood task 8 m/16f b MDD & healthy fMRI

Markowitsch et al. 2003 eyes fixed task 6 m/7f w healthy fMRI

Pelletier et al. 2003 neutral mood task 5 m/4f w healthy fMRI

Zubieta et al. 2003 relaxed state 14f w healthy PET

Liotti et al. 2002 relaxed state 25f w MDD & healthy PET

Damasio et al. 2000 neutral mood task 11 m/14f w healthy PET

Liotti et al. 2000 neutral mood task 8f w healthy PET

Lane et al. 1997 neutral mood task 12f w healthy PET

Gemar et al. 1996 neutral mood task 11 m w healthy PET

George et al. 1996 neutral mood task 10 m w healthy PET

George et al. 1995 neutral mood task 11f w healthy PET

Pardo et al. 1993 relaxed state 4 m/3f w healthy PET

b between subjects, f female, fMRI functional magnetic resonance imaging, m male, MDD major depressive disorder, PET positron emission
tomography, SPECT single photon emission computed tomography, w within subjects. Gender column indicates gender and number of participants
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caused the social pain. One more study (Schmahl et al. 2004)
that fit our definition of psychological pain (subjects recalled
childhood abuse) was not included because the mood state
that resulted from recall was not only sadness but could also
have involved fear and anger.

A complete overview of brain regions that showed in-
creased or decreased activity is shown in the Appendix.
Figure 1 shows a summary of that Appendix based on brain
regions for which three or more studies reported activation
or deactivation. Figure 1 distinguishes brain areas within
three broad areas: the left and right hemispheres and the
medial subcortical area.

Reported brain activity in all studies was based on the
subtraction method (Friston et al. 1995), in which values for

brain imaging variables (e.g. cerebral blood flow, blood
oxygen level dependency) in a reference condition were
subtracted from values obtained during an experimental
condition or values in a population of interest. The
experimental condition involved such tasks as listening
to or reading scripts of painful autobiographical events
(e.g. illness or death of a loved one, suicidal behavior)
and recalling a memory or displaying faces of lost loved
ones. In the majority of studies, the reference condition
involved a task to evoke a neutral mood that was
similarly structured as the task that involved reexper-
iencing psychological pain, grief, or extreme sadness.
Only four studies did not use a specific task as a
reference (see Table 1).

Fig. 1 Brain areas that showed
activity change in response to
psychological pain (including
the grief and recalled sadness
subsamples) for which three or
more studies showed activation
or deactivation (N018). BA:
Brodmann area, ACC: anterior
cingulate cortex, PCC: posterior
cingulate cortex, PFC:
prefrontal cortex
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Studies involving assessed psychological pain

Van Heeringen et al. (2010) examined the effect of
psychological pain severity on resting state activity in
patients with major depressive disorder (MDD) by com-
paring patients who scored high in psychological pain
to those who scored low. In addition to effects on brain
activity as detailed in the Appendix, psychological pain was
positively correlated with hopelessness (rs0 .517, p<.001) and
suicidal ideation (rs0 .425, p<.05). Reisch et al. (2010) tested
the hypothesis that negative emotions experienced as psycho-
logical pain would exhibit decreased neural activity in the
frontal cortex. Their sample includedwomenwho had attemp-
ted suicide in the two months prior to the study. Both studies
found increased activity in the right cuneus, but apart from
that no consistent findings were evidenced across the two
studies. Reisch et al. reported decreased PFC activity (left
BA46, right BA10), whereas van Heeringen et al. reported
increased activity in the right PFC (BA9, BA44). It should be
noted that different reference conditions were used. Both
studies used the Orbach & Mikulincer Mental Pain question-
naire to assess psychological pain, which has been shown to
be reliable and have a high degree of validity (Orbach et al.
2003b; Soumani et al. 2011; van Heeringen et al. 2010).

Studies involving grief

All four studies that reported on grief-related brain activity
were conducted in otherwise healthy women. Najib et al.
(2004) studied women who ruminated over a romantic rela-
tionship that ended during the 4 months prior to the study, and
O’Connor et al. (2008) studied women who had lost a mother
or sister to breast cancer during the past 5 years. Gündel et al.
(2003) used a sample of women who had lost a first-degree
relative (father, mother, or husband) during the past 12 months.
Kersting et al. (2009) comparedwomenwho had lost a preterm
baby after induced labor during the past 2 months to women
who delivered a healthy baby during the past 12 months.

A common finding in three of the four studies was increased
activity in the left cuneus and posterior cingulate cortex (PCC)
during grief. Two of the four studies found increased activity in
the left lingual gyrus, the cerebellum and rightmiddle temporal
gyrus (for details see the Appendix). Conflicting results were
reported for the left BA10, BA47, inferior temporal gyrus,
nucleus accumbens, the thalamus, ACC, and the right BA47
and lingual gyrus. Striking was the relatively large number of
deactivated brain areas reported by Najib et al. (2004)

Studies involving recalled sadness

As shown in Table 1, twelve studies reported on changes in
brain activity due to recalled sadness, almost half of which
focused exclusively on women and two studies included

men only. One study had a mixed-gender sample (Pardo et
al. 1993), but reported results for male and female participants
separately, which were therefore included as separate entries
in the Appendix. All studies involved healthy participants and
two studies included a comparison with patients with unipolar
depression (Liotti et al. 2002) or MDD (Keedwell et al. 2005).
The study by Pelletier et al. (2003) was remarkable because
they used professional actors for their ability to self-induce
and experience powerful emotional states.

While focusing on brain areas that were reported by at
least three studies, evidence for increased activity during
recalled sadness was most convincing for the caudate (5
studies), the left insula, cerebellum, and putamen (4 studies),
and the right insula (3 studies). Conflicting results were
reported for the left BA9, BA10, BA47, the ACC, PCC,
and thalamus, and the right BA9, BA10, and BA11.

Discussion

Under the null hypothesis that brain activations and
deactivations would be equally frequent, this review
found a significant difference between the overall numb-
ers of activations versus deactivations associated with
psychological pain. Across all studies (N018), increased
activity was reported 111 times (see Appendix), whereas
decreased activity was reported 73 times (χ207.85, df01,
p0 .005). When comparing increased activity versus decreased
activity for the left and right hemispheres, and medial subcor-
tical area separately, only the medial subcortical area showed
significantly more activation than deactivation across all stud-
ies (47 increases vs. 15 decreases, χ2016.51, df01, p<.0001).
It should be noted that two studies did not report on brain
deactivations (Gündel et al. 2003; Lane et al. 1997).Moreover,
decreased brain activity assessed through cerebral blood flow
and blood oxygen level dependency should be interpreted with
caution. As the amount of blood available to the brain is
approximately constant (Sergent 1994), an increase in blood
volume in one region is necessarily accompanied by a decrease
of blood in another region, and as such decreased brain activity
may be unrelated to a specific brain function at that exact
moment.

Despite the fact that this review included studies that
were relatively homogeneous with respect to the evoked
emotion and mood induction method (recall of autobio-
graphical life events), considerable variation exists in
study outcomes. Disregarding any variation in study
designs and populations, it is clear from Fig. 1 that no
one brain region was activated in all studies. Changes in
brain activity were not reported by more than 47.4 % of
the studies for any brain region, which is not an un-
common outcome: Mee et al. (2006) found that the
most frequently implicated brain areas showed activity
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changes in 47.8 % of the studies, and an extensive meta-
analysis of human brain activity studies on emotion (Phan et
al. 2002) reported a maximum support in 62 % of the studies.
The latter meta-analysis did not distinguish between left and
right hemispheres, which may have contributed to the higher
percentage of agreement.

Among the limitations of this review is the relatively
small number of included studies (N018). Therefore, inter-
pretations should be considered tentative, especially where
subsamples are compared. Studies involved primarily
healthy study populations, but also people who had been
diagnosed with depression and people who had attempted
suicide. Although a psychological pain experience is what
connected all studies, the presence of depression and sui-
cidal thoughts in some subjects may have had a confound-
ing effect. However, suicidality and depression are
conditions that are well known for a high level of psycho-
logical pain (Mee et al. 2011; Olié et al. 2010; Reisch et al.
2010) so it would seem inappropriate to exclude those
studies. In the following discussion, we use the term ‘psy-
chological pain’ to refer to the broader concept and in
reference to all studies that were included in the review. In
discussions of differences between subsamples, we use
‘assessed psychological pain’ in reference to the subsample
of studies that used actual measures of psychological pain to
distinguish them from the grief and recalled sadness
subsamples.

Brain areas involved in psychological pain

Figure 1 suggests that the evidence for involvement of
brain areas in psychological pain is most convincing for
the medial subcortical area. Medial brain areas that were
most consistently implicated are the ACC, PCC, thala-
mus, basal ganglia (putamen and caudate), cerebellum
and the cerebellar vermis. These areas all predominantly
showed activation, with the ACC and cerebellum receiv-
ing the greatest support across studies. The involvement
of the ACC in negative emotion has been well estab-
lished (Bush et al. 2000; Davidson and Irwin 1999). A
more recent review (Vogt 2005) suggested that the sub-
genual ACC is involved in the experience of sadness in
particular, and recently the anterior midcingulate cortex
was identified with a control function for both negative
affect and physical pain (Shackman et al. 2011). Al-
though Phan et al. (2002) found the cerebellum to be
involved in emotion, it is not typically associated with
emotion. However, evidence for a connection between
the cerebellum and negative affect is steadily growing
(Borsook et al. 2008; Colibazzi et al. 2010; Moulton et
al. 2011; Schmahmann 2004; Wolf et al. 2009). Our
findings also showed activation of the medial part of
the cerebellum, the cerebellar vermis, during grief and

recalled sadness. As this part of the cerebellum is be-
lieved to be involved in proprioception and perception
of self-motion (Yakusheva et al. 2007), it is as yet
unclear how this effect relates to psychological pain.
Earlier reviews on pain and emotion (Apkarian et al.
2005; Phan et al. 2002) did not distinguish the cerebel-
lar vermis from the lateral parts of the cerebellum.

With respect to the left and right hemispheres, the
bilateral insula also showed cogent evidence for activa-
tion. The PFC is among the most frequently implicated
areas in this review, in particular BA 9, 10, and 47, but
the direction of the activity change is not clear. There
appears to be support for bilateral increased activity in
the lateral PFC (BA 47). In both the left and right
dorsomedial PFC (BA 9), however, the number of stud-
ies indicating increased versus decreased activity differs
by only one. Bidirectional evidence also exists for the
left ventromedial PFC (BA 10), whereas the right ven-
tromedial PFC convincingly shows decreased activity.
Right-sided decreased activity is opposite of what was
previously found (Sackeim et al. 1982; Tucker 1981).
An inverse correlation between medial PFC activity and
arousal was recently reported (Gerber et al. 2008),
which suggests that decreased right ventromedial PFC
activity may reflect increased arousal during psycholog-
ical pain.

Drevets and Raichle (1998) found reciprocal behavior
between lateral and medial PFC areas during intense
emotion and suggested a more prominent role of the
medial PFC in emotion processing (e.g. appraisal of
emotion) while neural activity was suppressed in cogni-
tive processing areas (lateral PFC). After collapsing our
findings for the PFC into lateral (BA 44 – 47) and
medial (BA 8 – 11) areas, this review found no evi-
dence of reciprocal behavior in the left PFC (both
lateral and medial PFC showed increased activity), and
only weak evidence for reciprocal behavior in the right
PFC, most prominently between BA10 and BA47 (see
Fig. 1). In fact, the evidence contradicts Drevets and
Reichle’s findings (1998) in that it suggests increased
activity in the lateral PFC during psychological pain.
Our findings are in line with those of Nielen and
colleagues (2009) who provide evidence that bilateral
activation of the lateral PFC is associated with negative
affect. According to Phan et al. (2002), the medial PFC
is commonly activated across emotions, and this was
found to be true to a much lesser extent for the lateral
PFC. It should be noted that the meta-analysis by Phan
et al. (2002) did not take decreased brain activity into
account. However, even when ignoring decreased brain
activity, our findings do not show a clear difference in
involvement between lateral and medial PFC areas in
psychological pain.
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This review also found convincing evidence for increased
activity in the cuneus. However, as noted in one of the
reviewed studies (Najib et al. 2004), the cuneus is involved
in visual processing, and activation of this region could be
the result of more vivid imagery during recall of the psy-
chological pain than of the pain per se. Three of the six
studies (George et al. 1996; Gündel et al. 2003; Kersting et
al. 2009) that reported increased activity in the cuneus had a
visual component as part of their experimental manipula-
tion, and two studies included a recall phase (Najib et al.
2004; Reisch et al. 2010). Moreover, Phan et al. (2002)
found a significant effect of visual mood induction methods
on occipital cortex activation.

Assessed psychological pain and grief versus sadness

Comparison of activity changes between the subsamples
(assessed psychological pain, grief, recalled sadness)
showed that most affected brain regions were found
across the subsamples, providing support for the as-
sumption that grief and extreme sadness are similar
emotions or affective states to what would be consid-
ered psychological pain in the strictest sense. It is
noteworthy, however, that all studies that observed in-
creased activity in the insula, putamen and caudate were
in the sadness subsample (see Appendix).

Colibazzi et al. (2010) found evidence for activation of
the parahippocampal gyrus (PHCG) during highly arousing
emotions. In our review, activation of the PHCG was
reported by two studies, neither of which was in the recalled
sadness subsample, which suggests that subjects in the
recalled sadness subsample may have experienced less
arousal than those in the grief and assessed psychological
pain subsample. Treating the assessed psychological pain
and grief subsample as one group and testing the number of
PHCG activations for differences with the recalled sadness
subsample approached significance for activation during
grief/assessed psychological pain (Fisher’s exact test,
p0 .058).

Taken together, these comparisons between subsam-
ples show overlap in affected brain areas. However, as
evidenced by brain areas that are uniquely activated
during recalled sadness or in the grief/assessed psycho-
logical pain subsample only, grief may be a more accu-
rate exemplar of psychological pain than recalled
sadness.

Psychological pain versus physical pain

Apkarian et al. (2005) described the brain network for
physical pain, based on a meta-analysis of studies that
used hemodynamic, neuroelectrical, or neurochemical
methods. They concluded that the most important

components of the pain network in the brain were the
insula, ACC, PFC, thalamus, and the primary and sec-
ondary somatosensory cortices. These areas were con-
sistently implicated across modalities of pain (various
types of induced pain and pain in clinical settings) and
modalities of imaging (e.g. PET, fMRI). Areas that were
less consistently implicated were the amygdala, cerebel-
lum, basal ganglia, PCC, posterior parietal cortex, and
motor cortices.

Comparing the findings of our review, as indicated in
Fig. 1, with the brain areas involved in physical pain shows
an overlap with the main pain network, in particular the
insula, ACC, PFC and thalamus. Overlap is also observed in
secondary areas, in particular the cerebellum, basal ganglia
(putamen, caudate), and PCC. A striking difference is that
our review found the PCC to be involved in 31.6 % of the
studies, whereas Apkarian et al. (2005) found it was in-
volved in about 9 % of the physical pain studies. This
suggests a more prominent role of the PCC in psychological
pain. Activation of the PCC was also found in almost 40 %
of studies on emotion (Phan et al. 2002), specifically fear,
sadness, and happiness. Hudson (2000) stated that the PCC
has an evaluative role, and Vogt (2005) suggested that the
PCC, especially the ventral part, serves the purpose of
assessing self-relevance of emotional events. These obser-
vations provide corroborating evidence for an appraisal
function as an essential component of the psychological
pain concept (Meerwijk and Weiss 2011). Our findings also
indicate that the cerebellum may play a more prominent role
in psychological pain than in physical pain. It was one of the
brain regions most consistently activated in our review but
appeared to be less consistently implicated in Apkarian’s
results.

Phan et al. (2002) found that almost 60 % of studies that
used recall to induce emotion reported activation of the
insula. As all but one (van Heeringen et al. 2010) of the
studies included in our review involved recall of autobio-
graphical events, it is interesting that our review showed
activation of the insula in sadness studies only. With respect
to physical pain, evidence was provided that the insula is
activated in acute pain and less so during chronic pain
(Apkarian et al. 2009; Apkarian et al. 2005). Taken together,
absence of insular activation during psychological pain
may indicate an enduring condition that is more similar
to chronic pain.

Involvement of the PFC in both psychological pain
and physical pain deserves more detailed attention, as
Apkarian et al. (2005) presented convincing evidence of
PFC activation in physical pain. Although the PFC was
implicated by many studies in this review, the results
for PFC involvement in psychological pain were not
entirely consistent. The PFC area that does appear to
be activated in psychological pain is the lateral PFC
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(BA 47). We found convincing evidence for decreased
activity in the right BA 10, whereas results for the left
BA 10 and bilateral BA 9 were only slightly in favor of
increased activity. The PFC in general is thought to be
involved in cognitive, emotional, and memory functions
(Apkarian et al. 2005). Specifically, the ventromedial
PFC (BA 10) was suggested to be involved in the
representation of positive and negative emotional states
(Davidson and Irwin 1999). However, others have as-
cribed it a role in planning and reasoning (Hudson
2000).

The following brain areas that were implicated in
physical pain, did not reach our pragmatic threshold of
support by at least three studies: amygdala, posterior
parietal cortex, motor cortices, and the primary and
secondary somatosensory cortices. However, it should
be noted that all these areas showed activation or deac-
tivation in one or two studies (see Appendix). A likely
explanation for lack of consistent activation of the mo-
tor and somatosensory cortices is the absence of a
nociceptive stimulus in psychological pain. The posteri-
or parietal cortex is predominantly involved in planned
movement. As such it may have a role in avoiding a
painful stimulus. Since there is no stimulus in psycho-
logical pain that may be avoided by movement, it is
likely that the posterior parietal cortex is not involved
in psychological pain. An interesting finding is lack of
activation of the amygdala in this review. None of the
studies reported activity changes in the right amygdala,
and only two studies (Najib et al. 2004; Zubieta et al.
2003) reported decreased activity in the left amygdala.
The amygdala is thought to be involved in evaluating
emotional importance of stimuli and appears to be es-
pecially active in response to fear (Phan et al. 2002).
About 7 % of studies in the meta-analysis by Apkarian
et al. (2005) reported involvement (both activation and
deactivation) of the amygdala in physical pain, which
may be attributed to some level of fear due to being
subjected to a painful stimulus. The lack of amygdala
activity in our review could, to some extent, reflect the
fact that fear was not a key element of the studies that
were included. In addition, the amygdala has been de-
scribed as a salience and ambiguity detector in response
to external stimuli (Gerber et al. 2008). This neural
function may not be as relevant to the processing of
internal feelings for which salience may already have
been established and ambiguity is not an issue.

Conclusions

This systematic review compared changes in brain ac-
tivity during the experience of psychological pain. Only

two studies that included a measure of actual psycho-
logical pain were identified for this review, which in-
cluded 18 studies in total. Four studies involved current
or recalled grief, and 12 studies involved recalled sad-
ness. The latter 16 studies were included because they
used a significant autobiographical event to induce a sad
mood state and fit the definition of psychological pain
that was established for the study. Prior to this review it
was assumed that brain function in grief and sadness
could be used as proxies of psychological pain (Mee et
al. 2006). Although the number of studies included in
this review was too small to allow statistical testing
between subsamples for most comparisons, the evidence
suggests that brain regions associated with actual mea-
surement of psychological pain may be more similar to
those involved in grief than to those involved in
recalled sadness. The PHCG was found to be activated
in two studies: one where psychological pain was
assessed (Reisch et al. 2010) and the other involving
grief (Najib et al. 2004). In contrast, activation of the
insula, caudate and putamen was only observed in the
sadness studies. As PHCG activation was related to
greater arousal (Colibazzi et al. 2010), these findings
suggest that psychological pain may be more intense
than recalled sadness, and possibly reflect a higher level
of arousal. In line with our earlier definition of the
concept, grief may be a clear instance of psychological
pain.

The central question in this review was about which
brain areas are involved in the experience of psycholog-
ical pain. Taking into account the potential differences
between psychological pain and sadness, the following
brain areas are most likely activated during the experi-
ence of psychological pain: ACC, PCC, thalamus, cere-
bellum, and PHCG. Implications for the PFC (BA 9,
10, and 47), with the exception of bilateral BA 47
(activated) and right BA 10 (deactivated), are less con-
clusive because the number of studies that reported
activation and deactivation differed by only one. Based
on these observations, the following tentative psycho-
logical pain network is proposed (see Fig. 2). Initially,
the thalamus processes and relays information related to
psychological pain from the various sensory systems to
corresponding cortical areas (Hudson 2000). The medial
thalamus projects to the ACC, which may play a central
role in the affective (unpleasant feeling) component of
psychological pain. Bidirectional communication exists
between the ACC and the PCC (Price 2000), with the
PCC possibly involved in evaluating the self-relevance
(appraisal component) of psychological pain. In fact,
functional connectivity analysis has revealed a signifi-
cant correlation between cortical activity in the ventral
PCC and ACC during evocation of grief (O’Connor et
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al. 2007). The PFC is also bidirectionally connected to
the ACC (Price 2000) and may serve a memory and
planning function during acute psychological pain as
well as enduring psychological pain. Furthermore, right
ventromedial PFC activity was related to the parasym-
pathetic nervous system (Hilz et al. 2006; Tanida et al.
2004), which is generally thought to represent inhibition
(Sherwood 2010). As our review found predominant
deactivation of the right ventromedial PFC (BA10), this
provides additional support for greater arousal during
psychological pain. Bidirectional communication exists
between the PFC and the cerebellum (Ramnani 2006;
Schmahmann and Pandya 1997). The cerebellum has
traditionally been associated with motor coordination;
however, more recently evidence has emerged regarding
its affective role (Wolf et al. 2009), especially in medi-
ating negative emotion (Colibazzi et al. 2010). More-
over, research indicates that the cerebellum modulates
the emotional and cognitive experience of physical pain
(Borsook et al. 2008), a function it may serve in psy-
chological pain as well. The cerebellum is also
connected to paralimbic structures (Schmahmann and
Pandya 1997), among which is the PHCG that may
have a memory function, especially for negatively
valenced and more arousing memories (Kilpatrick and
Cahill 2003). As brain areas are involved in multiple
functions, we do not suggest that the brain areas impli-
cated in the proposed neural network are solely dedi-
cated to the experience of psychological pain.
Additional research (e.g. functional connectivity analy-
sis) is needed to confirm the components of this pro-
posed network for psychological pain and further clarify

their individual roles in the experience of psychological
pain.

A final question for this review concerned the com-
parison of brain areas involved in psychological pain
and physical pain. The proposed neural network for
psychological pain (see Fig. 2) indicates a partial over-
lap with the pain network identified by Apkarian et al.
(2005): ACC, thalamus, PFC, PCC, and cerebellum.
Whether the overlap extends to the bilateral insula, as
suggested by Mee et al. (2006) and basal ganglia (puta-
men, caudate) requires further research, as these areas
did not show activation in studies of psychological pain
proper or grief. Lack of activation in the amygdala,
posterior parietal cortex, motor cortices, and primary
and secondary somatosensory cortices is most likely
due to absence of a nociceptive stimulus in the studies
that were included. Additional research is required to
confirm the more frequent activation of the PCC, com-
pared to physical pain, as found in this review. More-
over, additional research may find that subregions of the
PFC behave differently in psychological pain and phys-
ical pain, as the PFC is a relatively large and heteroge-
neous area (Apkarian et al. 2005).

Millions of people worldwide may experience psy-
chological pain, and enduring psychological pain may
result in decreased mental well-being, pathology, and
potentially suicide. Knowledge about brain functioning
that underlies the experience of psychological pain can
guide development of psychosocial and pharmacological
therapies to alleviate psychological pain.
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Appendix

The following tables show areas of changed brain ac-
tivity during the experience of psychological pain (PP),
as implicated by 18 studies included in this review.
Results for each study are shown for the study condi-
tion in which higher intensity of psychological pain was
expected (e.g. higher vs. lower psychological pain, com-
plicated grief vs. noncomplicated grief, sadness vs. neu-
tral mood). The brain areas are non-overlapping and
organized under the left and right hemispheres and
subcortical medial areas. Green cells in the table indi-
cate increased activity and red cells indicate decreased
activity. Dotted cells indicate that a study reported a
global brain area, whereas other studies may have dis-
tinguished subdivisions.

Fig. 2 Schematic of tentative neural network involved in psychological
pain. ACC: anterior cingulate cortex, PCC: posterior cingulate cortex,
PFC: prefrontal cortex, PHCG: parahippocampal gyrus. (Original source
http://commons.wikimedia.org/wiki/File:Brain_bulbar_region.svg, mod-
ified with permission under the Creative Commons Attribution Generic
2.5 license)
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