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Abstract

Purpose of Review In this article, we aim to give an overview over recent neuroimaging research on dissociation in borderline
personality disorder (BPD). Stress-related dissociation is highly prevalent in BPD, while so far only little is known about its
neural underpinnings.

Recent Findings Based on research in depersonalization and the dissociative subtype of posttraumatic stress disorder, it has been
proposed that dissociation involves alterations in a cortico-limbic network. In BPD, neuroimaging research explicitly focusing on
dissociation is still scarce.

Summary Functional neuroimaging studies have provided preliminary evidence for an altered recruitment and interplay of
fronto-limbic regions (amygdala, anterior cingulate, inferior frontal gyrus, medial and dorsolateral prefrontal cortices) and
temporoparietal areas (superior temporal gyrus, inferior parietal lobule, fusiform gyrus), which may underlie disrupted
affective-cognitive processing during dissociation in BPD. More neuroimaging research with larger samples, clinical control

groups, and repeated measurements is needed to deepen the understanding of dissociation in BPD.
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Introduction

Stress-related dissociative states, including depersonalization,
derealization, analgesia, and emotional numbing, are a clinical
hallmark of borderline personality disorder (BPD), occurring
in about 75-80% of patients [1—6]. In the current version of
the Diagnostic and Statistical Manual of Mental Disorders
(DSM5), transient “dissociative states under stress” are listed
among the diagnostic features of BPD [7]. Such states usually
last for minutes or hours [8—10] and are often linked to stress-
driven rapid shifts in self-image [10]. The intensity, frequency,
and strength of self-reported dissociative states in BPD seem
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to linearly increase with the level of subjective distress [11].
Furthermore, there is evidence for a detrimental effect of dis-
sociation on emotional learning and memory [12—15], which
may partly explain why dissociative symptoms can contribute
to poor therapy outcome in patients with BPD [16—19]. So far,
very little is known about the neural mechanisms of disturbed
information processing during dissociation: Only few neuro-
imaging studies in BPD explicitly focused on dissociation,
compared to the growing body of research in other trauma-
related and dissociative disorders (e.g., dissociative subtype of
posttraumatic stress disorder).

In the following, we introduce current conceptualizations
of dissociation, based on more substantial neuroimaging re-
search that has been conducted in patients with depersonali-
zation, the dissociative subtype of posttraumatic stress disor-
der, and dissociative identity disorder (a comprehensive re-
view of this literature is beyond the scope of this article; for
further reviews see, e.g., [20-25]). Based on this literature, we
then describe and discuss recent neuroimaging research on
dissociation in BPD (focusing on functional neuroimaging
studies) together with its implications, methodological limita-
tions, and suggestions for future research.
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Definitions and Etiological Models of Dissociation

Dissociation has been defined as “disruption of and/or discon-
tinuity in the normal, subjective integration of one or more
aspects of psychological functioning, including — but not lim-
ited to — memory, identity, consciousness, perception, and
motor control” [24] (p. 826). The broad variety of symptoms
can be classified into the following three categories: (1) a loss
of continuity in subjective experience, accompanied by invol-
untary and unwanted intrusions into awareness or behavior
(e.g., dissociative flashbacks); (2) an inability to access infor-
mation or control mental functions that are normally amenable
to such control or access (e.g., dissociative amnesia); and (3) a
sense of experiential disconnectedness, including distorted
perceptions about the self or the environment (e.g., deperson-
alization, derealization) [26]. Acute dissociative states (state
dissociation) are usually distinguished from a more general
tendency to experience dissociative symptoms (¢rait
dissociation), while both may go hand in hand. Of note, dis-
sociative experiences are not necessarily pathological but, to a
lesser extent, are also present in non-clinical healthy popula-
tions [27, 28]. The present article focuses on pathological
dissociation, as highly prevalent in BPD, PTSD, and dissocia-
tive disorders [9, 10, 29-31].

Etiological Models

Interacting with genetic, neurobiological, and cognitive dispo-
sitions, traumatic stress can play an important role in the de-
velopment of pathological dissociation [32—44]. A history of
trauma is neither necessary nor sufficient for the development
of dissociation and/or BPD. Yet, dissociation in BPD has been
closely linked to chronic interpersonal trauma, such as severe
childhood abuse and neglect [6, 25, 45, 46]. Peritraumatic
dissociation immediately during the traumatic event [34] has
been partly conceptualized analogous to freezing responses in
animals. The proximity of threat may first elicit an orienting
response (fight or flight response; [47]), associated with an
increase in sympathetic nervous system function (e.g., heart
rate, blood pressure, release of stress hormones), to prepare
the organism for an active defense mechanism. If the organism
cannot escape, it may more likely engage in a passive defense
mode, accompanied by tonic immobility (freezing), an in-
crease in parasympathic activity and a shutting-down of the
arousal system [33, 38, 48, 49]. If chances of winning a fight
or escaping are low or not given, passive defense responses
such as tonic immobility may reduce the risk of being detected
or more severely injured [48, 50]. In general, direct transla-
tions from animal studies to humans are not possible due to
conceptual and methodological differences [49]. Yet, dissocia-
tive responses, such as tonic immobility, in humans might be
an evolutionary-based regulatory process, which may enhance
survival or the coping with extreme threat [22, 25, 26, 38, 44,
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51]. The traumatic event may be perceived as a film-like scene
from a wider distance. Salient sensory information may be
processed in a distorted way and perception of time may be
substantially altered. Emotional numbing and depersonaliza-
tion may help create an inner distance from overwhelming and
horrifying experiences that cannot be integrated into existing
views of the world, self, and others. Such distortions in time,
thought, body (e.g., out of body experiences, such as the sense
of floating above one’s body), and emotions may later re-
occur as distinctive “trauma-related states of consciousness”
(TRASC) [52]. It has been shown that individuals who expe-
rienced peritraumatic dissociation are more likely to dissociate
in other stressful life situations later on in life [34, 52-54].
Thereby, dissociation can interfere with the development of
identity [24, 38, 55] and lead to a compartmentalization
(fragmentation) of memories [56]: Salient characteristics of
the stressful event are encoded and stored as separate ele-
ments, which may later re-occur as unwanted implicit flash-
back memories [S1, 57-60], increasing the risk of posttrau-
matic stress symptoms [34, 54, 61, 62]. Several studies pro-
vided evidence for a disruptive effect of dissociation on neu-
ropsychological functioning [13, 51, 57, 63], although this
relationship is not yet completely understood and cannot be
generalized across different (clinical) groups [64—66].

Neurobiological Conceptualizations of Dissociation

While the precise neural mechanisms of dissociation remain
elusive, neuroimaging research in depersonalization disorder,
dissociative subtype (D-PTSD), and dissociative identity dis-
order has provided important insights into brain networks pos-
sibly implicated in dissociation. In the following, current neu-
robiological conceptualizations stemming from this research
are briefly introduced.

Cortico-Limbic Disconnection Model: Research
in Depersonalization Disorder

Already in 1998, Sierra and Berrios proposed that a “discon-
nection” of cortico-limbic brain regions underlies symptoms
of depersonalization, such as numbing, analgesia, hypervigi-
lance, and emptiness of thoughts [67]. In their cortico-limbic
disconnection model, the authors propose that increased activ-
ity in medial and dorsolateral prefrontal cortices (areas impli-
cated in cognitive control and arousal modulation) both direct-
ly and indirectly via the anterior cingulate cortex (ACC)
[68—70] dampens activity in the amygdala, which is crucial
to the initiation of stress and fear responses [71, 72]. In addi-
tion to the aforementioned cortico-limbic regions, the posteri-
or cingulate, hippocampus, superior temporal gyrus,
precuneus, temporoparietal junction, inferior parietal lobe, an-
gular gyrus, frontopolar cortex, and medial prefrontal cortex
(mPFC) have been implicated in states of depersonalization
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[73-75]. These areas are parts of the default mode network,
which has been implicated in inward-directed processes, such
as autobiographical memory retrieval, daydreaming, rumina-
tion, pain processing, and mentalizing [76-81]. Alterations in
the abovementioned regions may underlie changes in self-per-
ception, such as “feeling unreal” [67, 82] and altered intero-
ceptive awareness during depersonalization [68, 74, 75, 83]
[84-86].

Emotion Overmodulation: Research in the Dissociative
Subtype of PTSD and in DID

Further evidence for alterations in cortico-limbic and default
mode network regions stems from research in PTSD patients
with the D-PTSD, which has recently been introduced in
DSMS [7]. As proposed by Lanius and colleagues [22] (p.
640), dissociation may involve an increase in self-control
and arousal modulation (“emotion overmodulation’), associ-
ated with increased activation in frontal regions (dorsal/rostral
ACC, mPFC) and dampened limbic activity in the amygdala
and insula. Patients predominantly showing hyperarousal and
re-experiencing symptoms (emotion under-modulation) are
thought to exhibit the reverse pattern: limbic hyperactivity
and diminished recruitment of the ACC and mPFC. Central
to this model were observations from a script-driven imagery
study, in which PTSD patients were exposed to autobiograph-
ical narratives of traumatic events [87, 88]. The majority of
patients reported pronounced re-experiencing symptoms
(traumatic flashbacks, intense feelings of shame, disgust,
guilt, hopelessness, etc.), associated with an increase in heart
rate. In contrast, patients with the dissociative subtype dem-
onstrated increased activity in areas implicated in emotion
regulation, arousal modulation, and sensory filtering (e.g., me-
dial frontal gyrus, anterior cingulate, middle temporal gyri,
precuneus, occipital areas, and inferior frontal gyrus) [87].
Patients with the dissociative subtype exhibited a stronger
coupling of the ventrolateral thalamus with right insula, mid-
dle frontal gyrus, superior temporal gyrus, cuneus, and left
parietal lobe (regions implicated in emotion regulation), while
connectivity between the thalamus and right parahippocampal
gyrus and superior occipital gyrus (areas implicated in sensory
and emotion processing) was diminished [88]. The thalamus
functions as a sensory gate or filter, receiving direct input from
both subcortical limbic regions and frontal areas, and may
therefore play an important role in dissociative-like states of
altered consciousness [21, 89, 90]. More specifically, the thal-
amus may either facilitate or impede the flow of information
to cortico-limbic structures [21] and thereby contribute to de-
fensive regulatory processes [91, 92].

Interestingly, patients with the dissociative subtype exhib-
ited enhanced activity in the ventral PFC, suggesting in-
creased emotion downregulation, when threatening (fearful
versus neutral) facial expressions were presented on a

conscious level—but not when threatening stimuli were pre-
sented non-consciously. In the latter condition, these patients
showed increased activity in the amygdala, insula, and thala-
mus, suggesting that regulatory processes during dissociation
may be partly explained by conscious top-down processes,
which might not work on a non-conscious level [91].

Further evidence for altered fronto-limbic interactions, in
terms of a stronger coupling of the amygdala with fronto-
parietal regions, stems from resting-state functional magnetic
resonance imaging (RS-fMRI) studies investigating connec-
tivity patterns in the absence of experimental stimulation [93].
Nicholson and colleagues (2017) used dynamic causal model-
ing (DCM) to more directly investigate directed (effective)
connectivity between functional nodes of fear and emotion
regulation circuits [94]. In PTSD patients with the dissociative
subtype, a predominate pattern of top-down connectivity from
the ventromedial PFC (vinPFC) to the amygdala and
periaqueductal gray (PAG) and from the amygdala to the
PAG was found. In contrast, PTSD patients without the dis-
sociative subtype predominately showed bottom-up connec-
tivity from the amygdala to the vmPFC and from the PAG to
the vmPFC and amygdala. These differences in resting-state
connectivity in brain circuits associated with fear processing
[94] may translate into symptoms of emotion over—versus
under—modulation in PTSD patients with versus without
the dissociative subtype [95, 96]. In this context, the PAG
may play an important role in passive defense responses dur-
ing dissociation [97].

Higher depersonalization/derealization severity further pre-
dicted decreased connectivity between the perigenual ACC
and ventromedial PFC as well as altered synchrony between
the default mode network and the central executive network
[98]. Extending the abovementioned finding, these results
point to an altered synchrony, i.e., switching between large-
scale networks implicated in rest and executive control in the
dissociative subtype of PTSD.

Interestingly, patients with dissociative identity disorder
(DID) demonstrated distinct neural response patterns, depend-
ing on the presence or absence of dissociation, which highly
resemble observations in PTSD: While being in a “hyper-
aroused state” or “traumatic identity state” with voluntary ac-
cess to traumatic memories, DID patients showed elevated
cardiovascular responses (heart rate, blood pressure) and
stronger amygdala and insula activity, along with lower activ-
ity in cingulate gyrus, parietal cortex, and para-hippocampus.
The opposite response pattern was observed when patients
were in their “normal dissociative identity state,” character-
ized by dissociative amnesia [99, 100]. Studies including clin-
ical control groups are needed to clarify whether altered activ-
ity patterns in fronto-limbic areas described above are specific
to the dissociative subtype of PTSD or a trans-diagnostic phe-
nomenon of emotion overmodulation, extending to other
stress-related disorders including DID and BPD.
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Neuroimaging Research on Dissociation in BPD

Compared to research in D-PTSD and dissociative disorders,
studies explicitly focusing on dissociation in BPD are still
relatively scarce. Most evidence stems from studies that ex-
amined correlations between neuroimaging findings and clin-
ical measures of dissociation, without explicitly and/or exclu-
sively focusing on dissociation or inducing this symptom
[101-103] [104-116]. To our knowledge, so far, only three
studies used script-driven imagery to more directly investigate
the effect of experimentally induced dissociation on neural
processing in BPD. Findings of functional neuroimaging stud-
ies are described in more detail below.

Resting-State Neuroimaging Studies

Several studies in BPD examined links between self-reported
dissociation and findings of altered baseline glucose metabo-
lism and cerebral blood flow during rest. Several studies using
positron emission tomography (PET) [104], single-photon
emission computed tomography (SPECT) [105], or continu-
ous arterial spin labeling [106] did not report significant links
between altered baseline metabolism/activity and dissocia-
tion, while self-reported dissociation predicted changes in
resting-state functional connectivity (RSFC) in two fMRI
studies [107, 108]. Wolf and colleagues (2011) found positive
correlations between scores on the Dissociation Stress Scale
(DSS) and RSFC in the insula and precuneus. Krause-Utz and
colleagues (2014) investigated whether scores on the
Dissociative Experiences Scale (DES) [109] predicted RSFC
of the bilateral amygdala and ACC in BPD. Higher trait dis-
sociation positively predicted amygdala RSFC with the dor-
solateral prefrontal cortex (dIPFC) and negatively predicted
left amygdala RSFC with a cluster in the occipital lobe
(cuneus, intracalcarine cortex, and fusiform gyrus). More
resting-state fMRI studies with larger sample sizes and clinical
control groups are needed to understand the precise mecha-
nisms underlying the abovementioned RSFC patterns in BPD.
Future studies in BPD may acquire resting-state scans before
and after dissociation induction or therapeutic interventions
aimed at a reduction of dissociation to gain more insight into
the impact of dissociation on RSFC in large-scale brain
networks.

Task-Related fMRI Studies

Some studies in BPD reported significant correlations be-
tween clinical measures of dissociation and changes in
blood-oxygen-level-dependent (BOLD) responses during the
presentation of aversive images [110—112]. Hazlett and col-
leagues (2012) found negative correlations between self-
reported dissociation and amygdala reactivity during a habit-
uation task with repeatedly presented (versus novel)
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unpleasant pictures in BPD patients and patients with
schizotypal personality disorder. Overall, BPD patients
showed increased amygdala reactivity to repeatedly presented
(versus novel) emotional pictures and a prolonged return to
baseline of amygdala compared to healthy controls. In line
with this, Krause-Utz and colleagues (2012) found significant
associations between self-reported dissociation and amygdala
reactivity to negative pictures, presented as distractors in the
context of a working memory task, in BPD. The Emotional
Working Memory Task (EWMT) used in this study is a mod-
ified version of a Sternberg item-recognition task, in which
participants are instructed to memorize task-relevant informa-
tion (a set of letters) over a short delay interval. Afterwards, a
probe (another set of letters) is presented and participants are
instructed to indicate whether one of these letters was part of
the previous set (memoranda) or not by pressing a “yes” or
“no” button. In half of the trials, a target is present, while in the
other trials, the target is absent. During the delay interval,
either no distractors (only a fixation cross) or distracting neu-
tral versus negative pictures of interpersonal scenes are pre-
sented. Negative pictures contain scenes of interpersonal vio-
lence, such as sexual or physical assault, a beaten child, or a
physically mutilated body. Participants are instructed to ignore
these distractors and to respond as fast and accurately as pos-
sible to the probes, i.e., to voluntarily inhibit emotion process-
ing in favor of cognitive processing. During presentation of
neutral and negative interpersonal scenes, BPD patients
showed significantly longer reaction times and significantly
increased activity in the amygdala (among other regions), sug-
gesting higher emotional distractibility than healthy controls.
At the same time, self-reported dissociation was negatively
correlated to amygdala activity in BPD.

A re-analysis of this data set showed that self-reported state
dissociation further positively predicted functional connectiv-
ity of the amygdala with right thalamus, right ACC, left insula,
and left precentral gyrus during negative distractors [112].
Altered interaction between these regions may underlie altered
processing of disturbing emotional information in the context
of a cognitive task in BPD.

In another study, higher trait dissociation (scores on the
DES) predicted a stronger signal decrease of the default mode
network in response to painful heat stimulation in BPD pa-
tients with current self-injurious behavior [113]. As previously
mentioned, the default mode network plays an important role
in self-referential processing and pain processing. Alterations
in this network might underlie altered processing of pain, e.g.,
as being less self-relevant or aversive, in patients with frequent
dissociative experiences. Since in other studies no significant
correlations between dissociation and limbic reactivity during
painful heat stimulation [114, 115] or emotional words [116,
117] were found, future research is needed to investigate
whether different kinds of experimental material and subsam-
ples may have contributed to these discrepancies.
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Script-Driven Imagery Studies

To our knowledge, so far, three fMRI studies used script-
driven imagery to experimentally induce dissociation in indi-
viduals with BPD [117-119]. Script-driven imagery is a well-
established paradigm, aimed at provoking specific experi-
ences through a recollection of autobiographical memories.
Together with the experimenter, each participant creates a per-
sonalized narrative of an autobiographical situation, e.g., a
situation involving marked dissociative experiences (versus
an emotionally neutral script). The script is usually recorded
on an audio tape by the experimenter and later re-presented in
an experimental setting, e.g., during fMRI. Participants are
instructed to recall the specific situation, described in the
script, as vividly as possible. Consistent across different stud-
ies, script-driven imagery successfully induced dissociation,
in terms of self-reported dissociative symptoms (on the DSS
scale) in previous research [117-119]. In a pilot study by
Ludaescher and colleagues (2010), self-reported state dissoci-
ation, pain sensitivity, and changes in BOLD responses were
assessed in 15 BPD patients exposed to either a dissociation
script or a neutral script. While being exposed to the dissoci-
ation script, patients showed increased activation in the left
inferior frontal gyrus. Higher self-reported dissociative symp-
toms predicted higher activation in the left superior frontal
gyrus and lower activation in the middle and inferior temporal
gyrus. BPD patients with comorbid PTSD (n = 10) addition-
ally showed increased activation in the left cingulate gyrus. In
this subgroup, self-reported dissociation positively predicted
activity in the bilateral insula, while negatively predicting ac-
tivity in the right parahippocampal gyrus. Findings of this
study provided first evidence for increased frontal activity
and diminished temporo-limbic activity during acute dissoci-
ation in BPD, especially in a subgroup of patients with comor-
bid PTSD. However, the sample size in this study was rela-
tively small and no control group was included.

Winter and colleagues (2015) combined script-driven im-
agery with the Emotional Stroop Task (EST) and subsequent
memory tasks to investigate the impact of dissociation induc-
tion on the cognitive inhibition of emotional material in BPD.
In the EST, either neutral or emotional words are presented in
different colors. Participants are instructed to name the color
of each word as fast and accurately as possible while ignoring
its content. Before they performed the EST, 19 female BPD
patients were exposed to a dissociation script (BPDd), while
18 BPD patients and 19 healthy controls were exposed to
neutral scripts (BPDn). Patients who underwent dissociation
induction showed more errors and slower reaction times than
the other groups, together with longer reaction times in re-
sponse to negative versus neutral words and impaired recall
and recognition of EST words during a subsequent memory
task compared to BPDn. On a neural level, patients who
underwent dissociation induction showed increased activity

in the left inferior frontal gyrus and dIPFC for negative versus
neutral words and overall lower activity in the fusiform gyrus
and inferior parietal and temporal cortices. Altered activity in
brain regions implicated in interference inhibition [120] may
underlie the disruptive effect of dissociation on cognitive per-
formance in BPD.

Krause-Utz and colleagues (2017) combined script-driven
imagery with the EWMT, described above, to investigate the
effect of dissociation on working memory performance during
emotional distraction. As mentioned above, a previous study
using this task revealed negative associations between state
dissociation and amygdala activity during emotional distrac-
tion in BPD [111]. When performing the EWMT after disso-
ciation induction, BPD patients showed significantly more
errors and misses across all conditions compared to healthy
controls and BPD patients exposed to a neutral script. BPD
patients who underwent dissociation induction further showed
an overall deactivation in the bilateral amygdala and lower
activity in left cuneus, lingual gyrus, and posterior cingulate
compared to patients with a neutral script. During emotional
distraction, a stronger positive coupling of the amygdala with
right middle/superior temporal gyrus and left inferior parietal
lobule along with negative functional connectivity between
amygdala and fusiform gyrus was found in patients after dis-
sociation induction. These findings seem to provide further
evidence for a disruptive effect of dissociation on affective-
cognitive processing in BPD.

Overall Discussion

The aim of this article was to give an overview over neuroim-
aging studies on dissociation in BPD. Research in dissociative
disorders and D-PTSD provided evidence for alterations in
(pre)frontal, subcortical limbic, and tempo-parietal areas
(parts of the default mode network). Extending previous ob-
servations in depersonalization and D-PTSD [82, 88, 98], dis-
sociative states in BPD have been associated with reduced
activation in the inferior and superior temporal gyrus [117,
121] and a stronger positive coupling of this area with the
amygdala during emotional distraction [118]. In addition,
larger gray matter volumes in the middle and superior tempo-
ral gyrus were linked to higher trait dissociation in these pa-
tients [103]. Findings in BPD further point to a diminished
responsiveness or deactivation of the amygdala during the
presentation of aversive (trauma-related) pictures [110, 111,
118], while it remains unclear whether this observation is re-
lated to certain tasks or sample characteristics (e.g., specific
experimental stimuli, trauma history, medication). The amyg-
dala is crucial to emotion process and the initiation of stress
responses [71] and has been critically implicated in neurobio-
logical models, conceptualizing dissociation as self-regulatory
strategy to cope with overwhelming emotions [22, 67]. In line
with this, altered interactions of the amygdala with brain
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regions implicated in arousal modulation, body movements,
and the filtration of sensory information (ACC, insula, dIPFC,
precentral gyrus, fusiform gyrus, inferior parietal lobule, and
thalamus) were observed in BPD patients with acute dissoci-
ation. A reduced coupling of the amygdala with occipital areas
(fusiform gyrus), observed both during resting-state [108] and
emotional distraction [112], may translate into altered gating
and reduced processing of sensory input. Increased positive
amygdala functional connectivity with the dIPFC during rest
[108] and with the ACC, insula, and inferior parietal lobule
during emotional distraction [112] may reflect increased at-
tempts of arousal modulation, as suggested by research in the
dissociative subtype of PTSD [22]. Stress-related dissociation
in BPD may be a form of emotion modulation, especially in
patients with severe childhood trauma, while so far there is not
enough known about neural mechanisms which may underlie
these processes [25, 29]. Studying the modulating effect of
dissociation on amygdala reactivity and connectivity in BPD
may have important implications for neurobiological concep-
tualizations of the disorder, as amygdala hyperreactivity is
currently considered a general key feature of the disorder,
despite conflicting findings [122, 123].

Three fMRI studies in BPD consistently observed in-
creased activity in the left inferior frontal gyrus after dissoci-
ation induction [117-119], possibly underlying altered sup-
pression of impulses during emotional interference [120]. In
the study by Winter and colleagues (2015), BPD patients
performing an EST after dissociation induction further
showed increased activity in the dIPFC, which plays an im-
portant role in emotion downregulation [87, 88]. Alterations
in the abovementioned areas may underlie altered information
processing during dissociation in BPD. However, the precise
neural mechanisms of dissociation need yet to be elucidated
and findings need to be interpreted in the light of certain lim-
itations, as discussed below.

Limitations

Differences in neuroimaging techniques and sample charac-
teristics (gender, comorbidities, medication status, etc.) hinder
the comparison and interpretation of findings. Only few stud-
ies included clinical control groups and comorbidity between
BPD and other disorders characterized by high trait dissocia-
tion is considerably high [9, 10, 29, 31]. Since these disorders
may share not only an overlap of symptoms but also etiolog-
ical factors (e.g., trauma history), more research with clinical
control groups and traumatized individuals, who did not de-
velop a disorder, is needed to disentangle disorder-specific
from trans-diagnostic effects. Moreover, it remains unclear
whether stress-related dissociation in BPD may predominately
involve bottom-up or top-down regulatory processes.
Studying directed (effective) connectivity between functional
nodes of emotion regulation circuits, e.g., using dynamic
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causal modeling (DCM), may help gain more insight into
these processes [94]. Moreover, longitudinal studies may help
to clarify whether altered neural response patterns, observed in
previous research, are a predisposition for or the result of
frequent dissociative experiences. Cross-sectional correlation-
al designs do not allow causal conclusions, e.g., it is also
conceivable that patients who are more prone to dissociation
show reduced awareness of emotions (alexithymia), which
contributes to the observed correlations. A combination of
different neuroimaging techniques, such as functional and
structural MR, in future research may help to obtain a more
global picture of neural alterations associated with dissocia-
tion [124]. The diversity of neuroimaging techniques (e.g.,
region of interest analyses and seed-based correlations versus
data-driven clustering methods) makes it difficult to compare
findings across studies, as each technique entails certain ad-
vantages and limitations (see [125]). Given the general con-
cerns about robustness and reproducibility of neuroimaging
findings, large-scale meta-analyses, including original data
sets and software, are needed to tease apart robust results from
false-positive findings, especially for findings which are not
corrected for multiple comparisons [125]. Finally, sample
sizes of most studies are relatively small and studies with
larger data sets are needed to replicate or extend existing
findings.

Implications

Pathological dissociation is a complex heterogeneous phe-
nomenon comprising various symptoms [26-28, 42, 52]. A
more precise differentiation between these symptoms in future
fMRI research may help to clarify whether neural alterations
are specifically related to distinct dissociative features, such as
distortion in time, thought, body, and emotion [52]. Likewise,
an extended and more precise neuropsychological assessment
may help to better understand which neurocognitive processes
are affected by dissociation and how this may translate into
altered affective-cognitive functioning. It has been proposed
that dissociation specifically involves diminished recollection
of trauma-related information [126], while the existing litera-
ture in the field is still heterogeneous [65]. To elucidate this
relationship, future neuroimaging studies in BPD may inves-
tigate the effect of dissociation on processing (e.g., autobio-
graphical recall) of trauma-related material compared to gen-
erally negative information. The combination of dissociation
induction and affective-cognitive neuropsychological tasks in
neuroimaging research may contribute to a better understand-
ing of this relationship. Future studies may combine neuroim-
aging techniques with advanced methods of ecological mo-
mentary assessment in daily life to elucidate how specific
dissociative symptoms (e.g., derealization versus dissociative
amnesia) may relate to certain neural response patterns. A
broader assessment of dissociative experiences in everyday
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life situations might also help to enhance our understanding of
the ecological validity of experimental paradigms, which are
used to experimentally induce dissociation, such as the script-
driven imagery paradigm. More specifically, future studies
may address how well naturally occurring dissociative symp-
toms correspond to dissociative symptoms provoked in the
laboratory, e.g., by dissociation scripts.

Neuroimaging research on dissociation may also help to
identify neural processes relevant for psychotherapy.
Dissociative symptoms were found to hinder treatment out-
come in BPD [16-19] and other psychiatric groups [127,
128], possibly by interfering with emotional learning and
memory, e.g., habituation processes during exposure therapy
[12—14, 96]. In a recent intervention study, a computerized
(continuous) monitoring of dissociative states and suggestions
for anti-dissociative skills had a beneficial effect on exposure
exercises during trauma therapy [129]. Combining such inter-
ventions with repeated neuroimaging assessment (before and
after treatment) could help to identify neural pathways asso-
ciated with a reduction of dissociative symptoms [55].
Moreover, there is preliminary evidence that dissociative
symptoms decrease along with a neurofeedback training
targeted on amygdala activity in response to aversive images
[95, 96], while it remains unclear which processes (e.g., en-
hanced top-down control versus bottom-up processes of emo-
tion processing, such as increased emotional awareness, emo-
tional clarity, and acceptance of emotions) may be involved.
Neurofeedback training (real-time fMRI) may be a promising
add-on intervention to help individuals gain more control over
dissociative processes, i.e., reduce them at moments when
these processes are disruptive and therefore maladaptive
[130]. So far, very little is known about neural mechanisms
that may be key modulators in this relationship and more
studies are needed to identify brain areas that may be possible
targets for such neurofeedback interventions.

Conclusion

Dissociative symptoms appear to have a significant impact on
affective-cognitive functioning in BPD and should be taken
into account in future research and therapy, even when not
being the major focus. While the precise neural mechanisms
of dissociation remain elusive, there is evidence for reduced
activity in limbic(-related) temporal areas (amygdala, superior
temporal gyrus, fusiform gyrus), increased frontal activity (in-
ferior frontal gyrus, dIPFC), and altered interactions between
these regions. More research with larger sample sizes and
clinical control groups, combining different neuroimaging
techniques (e.g., resting-state and task-related fMRI) with
clinical measures and behavioral tasks, is needed to improve
the understanding of dissociation in BPD.
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