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Abstract: Post-traumatic stress disorder (PTSD) continues to attract both empirical and clinical
interest due to its complex symptom profile and the underlying processes involved. Recently,
research attention has been focused on the types of memory processes involved in PTSD and
hypothesized neurobiological processes. Complicating this exploration, and the treatment of
PTSD, are underlying comorbid disorders, such as depression, anxiety, and substance use
disorders. Treatment of PTSD has undergone further reviews with the introduction of eye
movement desensitization and reprocessing (EMDR). EMDR has been empirically demonstrated to be as efficacious as other specific PTSD treatments, such as trauma-focused cognitive
behavioral therapy. There is emerging evidence that there are different processes underlying
these two types of trauma treatment and some evidence that EMDR might have an efficiency
advantage. Current research and understanding regarding the processes of EMDR and the future
direction of EMDR is presented.
Keywords: post-traumatic stress disorder, eye movement desensitization, neurobiological,
symptoms, treatment, comorbid

Introduction
Post-traumatic stress disorder (PTSD) presents with a complex and diverse set of
symptoms involving a mixture of social, biological, and psychological processes.
Adding to the complexity are several comorbid disorders, including mood, anxiety,
and substance use disorders, traumatic brain injury, grief, and chronic pain. Comorbid
disorders complicate the identification of predisposing and perpetuating factors, assessment, clarity of primary diagnosis, and selection of treatment plans. Here we present
a broad overview of PTSD, including its intricate neurobiological and psychological
symptom profile and common comorbid disorders. Evidence for the effectiveness of
eye movement desensitization reprocessing (EMDR) is then presented, as well as its
possible advantages, controversies, and key processes. Finally, the future possibilities
for EMDR are discussed.

Psychological symptom profile of PTSD
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The recently released DSM-5 (Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition) identifies a more expansive symptom profile for PTSD than previous
definitions. The symptom criteria now include re-experiencing, avoidance, negative
alterations in cognitions and mood, and negative alterations of arousal and reactivity.
In contrast with the DSM-IV, the type of event that can result in symptoms of PTSD
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has been extended, and differing presentations in children
and adolescents have been acknowledged.
Perhaps a distinguishing hallmark of PTSD is the intrusive experiences, consisting of a sense of reliving the event
in vivid visual images with physiological responses, and
auditory and olfactory aspects, all of which occur with the
same intense feeling of panic and fear as experienced in the
distressing situation.1–3 An internal or external reminder of
the event triggers these intrusive experiences, resulting in
a sense of lack of control over their appearance. Combined
with the vivid yet fragmented and disorganized presentation
of such memories, the intrusive symptoms are both distressing and confusing, resulting often in fear of the symptom
itself.4,5 The fragmented, and sometimes inhibited, storage
of memories related to the distressing event is another defining feature of PTSD.4 An inability to place the event in a
coherent, sequential time line, or to remember elements of
the event at all, is a distinctive symptom that again causes
both distress and frustration.
The cycle of fear and retraumatization caused by the
intrusive symptoms often results in avoidance strategies.
Avoidance of external and internal stimuli (thoughts and
feelings) directly associated with the traumatic event can
be explained as a direct learning experience; however,
individuals often avoid unrelated situations.3,6 Research has
demonstrated that avoidance not only results in an increase
in symptomatology but also results in diminished interest in
participating in activities, leading to withdrawal and feelings
of detachment and estrangement from others.3,7 In addition,
individuals can respond to the distressing event and intrusive
symptoms with an intense need to self-protect. This manifests
as symptoms of hyperarousal, including sleep difficulties,
hypervigilance, and lack of concentration. These heightened
levels of arousal both feed into and result from a fear response
cycle, thereby resulting in a constant state of hyperarousal.3
This combination of symptoms can ultimately result in irritability, aggression and, at times, self-destructive behaviors.
PTSD continues to be listed as an anxiety disorder in the
DSM-5, although the centrality of dissociative symptoms
has been argued.8 Dissociative responses, such as derealization and depersonalization, at times referred to as defensive
responses, and constricted affect or emotional numbing, are
features of PTSD.6,8 Such symptoms have been shown to
correlate with the severity of the trauma, fear of death, and
feelings of helplessness during the traumatic event.8 These
symptoms can emerge from defense mechanisms that initially
protect individuals from the reality of their current experiences, but later evolve into maladaptive strategies that do not
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enable consolidation of past experiences. Altogether, PTSD
symptoms are debilitating and, as time passes, can generalize
to experiences unrelated to the distressing event. This can
result in isolation and cognitive distortions affecting one’s
core sense of self.

Neurobiological symptom
profile of PTSD
Shalev3 proposed that the complexity of PTSD symptoms
is best understood as the co-occurrence of several processes
including: an alteration of neurobiological processes;
the acquisition of conditioned fear responses to traumarelated stimuli; and altered cognitive schemata and social
apprehension. Neuroimaging technology has enabled
researchers to explore the neurobiological basis of PTSD.
The research to date presents contrasting results partially
attributed to methodological differences including age range,
trauma type, imaging methods, analysis of imaging methods,
symptom duration, and inclusion of comorbid disorders
and medications. Overall, there is building evidence that
symptomatology following experiences of traumatic stress
may derive from effects on brain function and structure.
Less clarity surrounds the exact areas involved and whether
the differences are predisposing or perpetuating factors
of PTSD.
Research has demonstrated that following a distressing
event there is an interruption of the brain’s normal mode of
processing information.9,10 This includes a failure to create a
coherent memory of the experience, as all aspects of the
memory, sensory, thought, and emotionality appear unable
to be categorized and integrated with other experiences.10
This may be due to deficits in declarative and non-declarative
memories that appear to be implicated in PTSD symptoms
through their impact on conditioned responses, reliving of
traumatic memories, and fragmentation of memories (both
autobiographic and trauma-related).9,11
Non-declarative (also known as implicit or procedural)
memory refers to memories of skills and habits, emotional
responses, reflexive actions, and classically conditioned
responses (for example, memories that cannot be willfully
brought into the conscious mind such as riding a bike).9
Declarative (also known as explicit) memory refers to conscious awareness of facts or events that have happened to
the individual (for example, remembering facts or lists).12 In
relation to PTSD, two types of declarative memories appear
to be of importance, ie, episodic and semantic memories.
Episodic memories are isolated memories of distinct events
that form rapidly, with strong and vivid clarity, are rich in
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sensory detail, and are unambiguous.13 Semantic memories
are stored as more general knowledge; these are abstracted
from episodic memories and integrated with other semantic
memories, creating meaning and understanding of oneself
in context of the world.13 PTSD symptoms are proposed to
occur due to a failure of the brain to consolidate and integrate
episodic memories into the semantic system, resulting in prolonged and inappropriate resurfacing of episodic memories of
traumatic events with no association to other memories.13
Situationally accessible memory is a long-term, imagebased perceptual representation of the incident that is
accessed automatically, whereas verbally accessible memory
incorporates representations that reflect more conscious
attention when being encoded, are accessible, verbalizable,
and interact with other information in the autographical
memory. Brewin1 proposes that intrusive flashbacks occur
when encoding of the event into situationally accessible
memory is enhanced, and encoding or re-encoding into
verbally accessible memory is diminished, resulting in the
memory never being re-encoded into episodic memory.
Under this hypothesis, a large amount of sensory information can be stored and encoded over long periods due to the
situationally accessible memory system capturing sensory
images whereas episodic memory is downregulated while
under extreme stress.
Each of these implicit memory systems is associated
with particular areas in the central nervous system. The
hippocampus and the amygdala have been identified as
playing roles in the storage and integration of memories.14,15
The hippocampus plays a role in new learning formation,
consolidation of information from short-term memory to
encoding, and retrieval of long-term memories.10,11 For
example, declarative memories are initially stored in the
hippocampus and associated limbic structures as episodic
memories; when integrated into the semantic system, it is
hypothesized that hippocampal memory traces are weakened, resulting in a decrease in associated affect and PTSD
symptoms.13
A deficit in the capacity for new learning and memory
becomes critical to the stress response in regard to being
able to assess potential threats as well as the response to
current and future situations.9,11 MRI scans have shown a
reduction in volume of the hippocampus in individuals with
PTSD; however, other evidence suggests a decreased hippocampal volume may predispose individuals to PTSD.14,16
Both animal and human studies identify stress, particularly
chronic stress, as a potential cause of neural damage to
the hippocampus.14,16–18 Neural damage may occur in the
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hippocampus due to increased levels of glucocorticoids,
eg, cortisol and corticosterone, which are stress hormones
aiding the fight and flight response and recovery from
stressors,19 but inhibit neurogenesis and decrease levels of
brain-derived neurotropic factor during and following exposure to a stressful event.17,20
The hippocampus has a high concentration of glucocorticoid receptors, which can remain at high levels for days following the stress response. This appears to evoke a decrease in
dendritic branching, alterations in synaptic terminal structure,
loss of neurons, and inhibition of neuronal regeneration,
resulting in hippocampal atrophy.17,20,21 As the hippocampus
mediates memory functions, hippocampal atrophy may lead
to memory deficits and result in memories being experienced
as timeless and fragmented.10,22
The amygdala stores the emotional content linking episodic memories to emotions, resulting in the original sensations and emotions replaying when memories are recalled.13
The amygdala has been identified as playing a critical role
in stress responses, including fear acquisition, emotional
regulation, and learning, conditioning, generalization, and
extinction processes of the fear response mechanism.23–26
Alterations in fear response are proposed to lead to intrusive memories, flashbacks, and automatic hyperarousal,
with avoidance and emotional numbing reactions acting as
coping strategies for such symptoms.23,24 Many subregions
of the amygdala are proposed to influence the fear response
involved in the symptomatology of PTSD (see Table 1),
and other systems project to these amygdala subregions.
One of these systems is the medial prefrontal cortex. The
medial prefrontal cortex is understood to provide a system of
negative feedback to the amygdala, that regulates activation
of amygdala during fearful experiences.27 Studies by Semple
et al28 and Shin et al27 have found a decrease in medial prefrontal cortex activity and associated hyperactivation of the
amygdala in individuals with PTSD. Amygdala hyperactivity, or an exaggerated response, has been proposed to result
in a failure of extinction to fearful stimuli.23,27,29
Chronic stress that causes dendritic atrophy in the hippocampus elicits hypertrophy in subregions of the amygdala,
increasing amygdala volume.26,30 Unlike the hippocampus
that demonstrates relatively rapid plasticity, animal research
indicates that the hypertrophy in the amygdala remains for
a much longer duration, and may result in heightened levels
of anxiety over time.31 Hyperactivity of the amygdala in
PTSD may also be due to the exaggerated response of the
fear circuitry, thereby explaining hypervigilance and hyperarousal in PTSD.
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Table 1 Brain structures and their proposed function in PTSD symptomatology
Brain structure

Proposed function

BLA and ITC (GABAergic
neurons lying between
the BLA and CeA)

Suggested to be responsible for both initiating and inhibiting fear responses.32 The BLA plays a role in sensory
integration by sending information to both the CeA and the bed nucleus of the stria terminalis. These structures
are thought to communicate with the hypothalamic and brainstem areas which are involved in fear and stress
responses.33
May play a role in filtering and aiding integration of emotional and cognitive components, possibly aiding
modulation of fight/flight reactions to perceived threat.10
The main output center for responses to fearful stimuli.23,34 The CeA mediates the initiation of fear responses;
when this area is removed in animals, the fear response is nonexistent.32
An area of interest due to its involvement in the transfer of information across both hemispheres, integrating
emotions and cognitive responses.10,35
Act as a supervisory system for integration of information.36
A hormonal flow traveling from the hypothalamus to the adrenal glands, via the pituitary gland. The hippocampus is
thought to have inhibitory effects on the HPA axis, while the amygdala is thought to regulate the HPA via excitatory
signals.32
May have heightened influence from the amygdala during an emotionally arousing learning situation.14

Anterior cingulate gyrus
CeA
Corpus callosum
Frontal lobes
HPA

Parahippocampal gyrus region

Abbreviations: BLA, anterior basolateral nuclei; CeA, central nucleus of the amygdala; HPA, hypothalamic-pituitary adrenal axis; ITC, intercalated cells; PTSD, posttraumatic stress disorder.

Comorbid disorders
Ensuring that neurobiological research is methodologically
sound is difficult, partly due to the presence of comorbid
disorders in individuals with PTSD. Research suggests
that comorbidity with PTSD is the rule rather than an
exception. For example 63% of (veterans) who developed
PTSD following a traumatic event also had a diagnosis
of major depressive disorder, panic attacks, generalized
anxiety disorder, or substance use disorder.32 In comparison
these disorders were only present in 9% of those who did
not develop PTSD. Teasing apart the symptomatology of
comorbid disorders has proven complicated because there
is mixed understanding as to whether they are independent
disorders or part of one construct.33 Features traversing
PTSD, major depressive disorder, generalized anxiety
disorder, and substance use disorder include anhedonia,
sleep disturbances, concentration difficulties, irritability
and fatigue, low mood, agitation, guilt, withdrawal, and
loss of enjoyment in activities.3,34
On a neurobiological level, a number of similar structures have been identified as possible underlying factors for
several comorbid disorders and PTSD. Smaller hippocampal
volumes have been found in individuals with major depressive disorder, anxiety, and alcohol abuse,35 with research
suggesting prolonged glucocorticoid exposure as a possible
cause.36 Thus, the development of major depressive disorder,
generalized anxiety disorder, and PTSD may be influenced
by pre-existing, overlapping, or common vulnerabilities, such
as neuroticism, a history of pre-existing mood or anxiety
disorder, a history of trauma, or neurobiological differences.
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However, these disorders have a unique constellation of
symptomatology, with PTSD requiring a distressing event to
meet diagnosis and studies suggesting that PTSD is distinguishable due to features such as reliving/flashbacks, fragmentation of memories, and dissociative features, enabling
a separate diagnosis.34,37,38
The prevalence of substance abuse disorders among
individuals diagnosed with PTSD has been shown to be
as high as 40% in samples of those seeking treatment for
substance abuse.39 Substance use can follow PTSD, and
this behavior has been described as “self-medicating”.40
PTSD with a comorbid substance use disorder has been
shown to increase the complexity of the clinical presentation through increased severity, increased risk of anxiety
and personality disorders, high-risk behaviors resulting in
risk of exposure to traumatic experiences, high treatment
attrition rates, and less engagement with aftercare.40–42
If PTSD is untreated, the prognosis for substance use
disorder is poor and the probability of exposure to future
traumatic events is higher. 43 Once a comorbid diagnosis is established, treatment models incorporating both
PTSD treatment and relapse prevention models are most
successful.44,45
Traumatic brain injury, physical injury, and chronic pain
are also commonly associated with PTSD. Corresponding
symptoms of PTSD and traumatic brain injury include sleep
disturbance, irritability, fragmented memories, difficulties
concentrating, and haziness (appearing like dissociation).46,47
From a therapeutic perspective, accurate diagnosis is often
difficult as traumatic brain injury can be challenging to
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detect, being a normal response in some circumstances;
however, if present, it can interfere with the ability to process
the traumatic event during treatment. Clearly identifying
the presence of traumatic brain injury is important to ensure
successful treatment.
The literature indicates chronic pain and PTSD comorbidity
rates of 20%–50%.48,49 Chronic pain and PTSD present with
overlapping symptoms of fatigue, cognitive distortions, anxiety
sensitivity, experiential avoidance, hypervigilance, and sleep
disturbance.48,50 Such symptoms may be both predisposing
and maintaining for each disorder. A cyclical fear-avoidance
process often occurs with chronic pain in which the fear of pain
produces a catastrophic misinterpretation of bodily sensations
and cognitive distortions/catastrophic appraisals.48 This then
leads to avoidance behaviors and inactivity, resulting in disability and an increase of focus on pain intensity, perpetuating
further avoidance and anxiety.48 Pedler and Sterling51 found
an interaction between pain, disability, PTSD symptoms, and
sensory hypersensitivity that resulted in the pain cycle being
triggered continually. Pain can act as a trigger for intrusive
symptoms of PTSD, resulting in increased emotional distress,
more intense feelings of pain, and heightened avoidance
strategies and immobility.51 On a neurobiological level, it has
been hypothesized that pain and PTSD have similar neurobiological mechanisms, such as an abnormal stress response and
hypothalamic-pituitary-adrenal axis deregulation.48

Treatments of PTSD
The complexities in the profile of PTSD are evident at both
a psychological and neurobiological level. These same
complexities influence treatment models for PTSD. Current
literature suggests that trauma-focused cognitive behavioral
therapy, exposure therapies, and EMDR are the most efficacious treatments. However, almost half of the individuals
treated for PTSD do not fully recover.52,53 Understanding the
processes involved in PTSD and at work during treatment aids
our ability to improve the rate of recovery. Early understandings of PTSD processes was driven by behavioral theories
that were based on conditioning and learning principles. It
was thought that preventing avoidance of fear triggers would
result in habituation and extinction, thereby alleviating PTSD
symptoms.54,55 However, it has since been suggested that this
model does not consider non-fear elements, such as shame,
guilt, and anger.56 Research has now evolved beyond the
fear response to the way distressing memories are processed,
integrated, and represented.1,55
Information-processing theories hypothesize that processing memories so that resolution of the meaning of the event
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takes place is a more successful theoretical and subsequent
treatment model for PTSD than models based on learning
theory.54,57 Emotional processing, cognitive models, dual
representation, and adaptive information processing all fall
under the banner of information-processing theories.55 More
specifically, EMDR evolved under the adaptive informationprocessing theory.58 EMDR was built on the understanding
that processing the meaning of the event through integration
of memories into an individual’s autobiographical memory
would help to alleviate PTSD symptoms.58 EMDR has been
verified as an effective treatment for PTSD and meets criteria for evidence-based practice in the UK by the National
Institute for Clinical Excellence (2005), in Australia by the
Australian Centre for Posttraumatic Mental Health (2013),
and in the Netherlands by the Dutch National Steering
Committee for Guidelines for Mental Health Care (2003).
EMDR is also listed in the World Health Organization
guidelines for PTSD.
Research suggests that EMDR, although equal in achieving overall symptom reduction, may be superior to other
treatment models in terms of treatment efficiency.59–62 Some
studies have found that EMDR results in more rapid symptom
reductions than other comparable treatment models, which in
turn results in fewer treatment sessions required for the same
outcome in comparison with other types of therapy.63–66 The
rapid reduction in symptoms may be due to a large drop in
intrusive symptoms in EMDR. Lee et al60 and Vaughan et al62
found a greater decrease in intrusive symptoms in comparison
with stress inoculation training with prolonged exposure,
imaginal exposure, or applied muscle relaxation.
Ironson et al59 reported a significant difference in reduction of Subjective Units of Distress Scale scores following the
first active session of EMDR in comparison with prolonged
exposure. It was suggested in this study that prolonged exposure was more distressing, particularly in the first session,
than EMDR. Several studies have shown fewer dropouts in
EMDR groups, leading to the proposition that EMDR is both
better tolerated and a more efficient treatment model.59,61,67
EMDR has been shown to be effective without the prescription of several hours of homework which is most often
required in exposure-based treatments, again contributing
to the view that it is better tolerated and more efficient.59,67,68
Nevertheless, there is some difficulty in interpreting research
on treatment efficiency due to the differences in the way
efficiency has been operationalized (for example, number of
sessions taken to reduce symptoms, reduction in Subjective
Units of Distress Scale scores in the first session, attrition
rates, and number of treatment hours required). Thus, more
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extensive research is required to clarify the advantages of
EMDR in terms of treatment efficiency.
Studies have shown that complex trauma cases require
more sessions for symptom reduction than single case
traumas; single case traumas have been shown to result
in no longer meeting a diagnosis of PTSD after just a few
sessions of EMDR.59 There are currently few randomized
controlled trials involving individuals with complex histories
of trauma. Hence, the efficacy and efficiency of symptom
reduction in a complex population both immediately following and after long-term use of EMDR is unclear. Lee et al63
suggested that when comorbidity and chronicity are part of
the treatment presentation, avoidance strategies or larger
more entrenched memories may render fear networks more
resistant to modification. With the rate of comorbid disorders
being high in PTSD, and complex histories often emerging
in a clinical setting, continued research is required in this
complex trauma population to clarify the effectiveness and
efficiency of EMDR.
The role of psychopharmacological treatment in PTSD
is limited based on current evidence, with current guidelines
indicating drug treatment to be second-line after traumafocused psychotherapy.69 Selective serotonin reuptake inhibitors, including sertraline and paroxetine, are most commonly
prescribed to reduce PTSD symptoms and prevent relapse,
although current evidence indicates these medications alone
result in only modest effect.70 There is some evidence that
other classes of antidepressants, such as tricyclics and monoamine oxidase inhibitors, can be effective in the treatment of
PTSD; however, the adverse effects/benefit ratio is generally
seen to favor selective serotonin reuptake inhibitors.71
There is very little evidence to support the use of mood
stabilizers (such as lithium or sodium valproate) or benzodiazepines in the treatment of PTSD. Prazosin and clonidine,
which decrease adrenergic activity in the central nervous
system, have been shown to reduce night-time and daytime
PTSD symptoms, and there is some evidence that the more
sedating atypical antipsychotic agents, such as olanzapine,
quetiapine, and risperidone, can help as adjunctive treatments in reducing symptoms of hyperarousal.70 Medications
have been seen to reduce symptoms of PTSD; however, the
literature identifies they should not replace evidence-based
psychotherapies as a primary treatment unless patients are
unable or unwilling to engage in therapy.72

EMDR processes
As in other therapies, the precise mechanisms of change
are unknown in EMDR. There have been various arguments
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in the literature as to the differences between EMDR and
trauma-focused cognitive behavioral therapy or exposurebased models of treatment. Both models can be viewed in
the light of information-processing theories; both address the
individual’s troubling memories and personal meanings of the
event and its consequences through having the client focus on
the distressing event.52,73 Both models adhere to theories of
fear structures as they both activate the fear memory network
through presentation of information that matches elements
of the fear structure and introduce corrective information
incompatible with these elements.74,75
Although EMDR and traditional models of exposure
show some common elements, there are clear differences.
Imaginal exposure guides the individual to repetitively relive
the traumatic experience as vividly as possible without moving to other memories or associations.74 This “flooding”
approach is based on the theory that anxiety is caused by
conditioned fear and reinforced by avoidance.67,74 In contrast,
EMDR progresses through chains of associations that appear
to be linked to shared sensory, cognitive, or emotional states
in a non-directive way. The individual is encouraged to “let
whatever happens happen and just notice” when freely associated memories enter into the mind though imaginal exposure
in short bursts.66,76 According to traditional conditioning
theories, promoting attention to the fear-relevant information
facilitates activation, habituation, and modification of the
fear structure; treatments that distract from this should be
ineffective.77,78 Nevertheless, EMDR is effective.
During EMDR, the therapist often accesses only brief
details of the trauma memory, and encourages image
distortion/distancing which, according to traditional theories,
should result in cognitive avoidance.74 EMDR treatment
encourages distancing effects that are considered effective
processing of the memory rather than cognitive avoidance.74
This process may contribute to individuals reporting EMDR as
less confronting and may explain why it is better tolerated.67
EMDR encompasses the complex emotional responses
following a distressing event by looking at affect, physical sensations, cognitions, and emotions and beliefs
concurrently.74 The cognitive shifts that EMDR evokes show
that the client can access corrective information and link it to
the trauma memory and other associated memory networks
with little, if any, guidance.74 It seems that the integration
of both positive and negative material that occurs spontaneously during the desensitization process of EMDR resembles
assimilation into cognitive structures (in line with adaptive
information-processing theory) such as world views, values,
beliefs, and self-appraisals.55,75
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Overall, EMDR has challenged the theoretical grounds
and understandings of historical treatment models for PTSD.
The eye movement component has drawn a large amount of
debate as this seems to be the component that differentiates
EMDR from trauma-focused cognitive behavioral therapy
and exposure-based treatments. However, it has been suggested that eye movements are not necessary, with the
research being mixed as to whether other bilateral stimulation
(auditory or tactile) or no eye movements produce equivalent
results.79–82 Based on fear extinction models, the eye movements should cause distraction and decrease habituation.
Lee and Cuijpers83 conducted a meta-analysis to determine
the efficacy of eye movements when processing emotional
memories. Their results supported the inclusion of eye
movement in both treatment and laboratory environments,
and demonstrated the importance of treatment fidelity when
implementing EMDR.83,84
The proposed advantages of the extra task of eye
movements in EMDR are distancing and a reduction of the vividness and emotionality of the memory.85 Based on the theory
that PTSD symptoms result from a failure to process episodic
memories, it is suggested that the bilateral eye movements may
facilitate interhemispheric interaction, resulting in improved
processing of the memory.86 Research indicates that episodic
memory processing is bilateral, whereas semantic memory
processing is conducted in the left hemisphere of the brain.86,87
Horizontal eye movement may enforce an increase in activation of both hemispheres, increasing communication between
them and promoting processing by boosting the capacity to
recall all elements of the event from episodic and semantic
memories.86 Conflicting research, such as that produced by
Propper et al,88 showed that engaging in bilateral eye movements during EMDR resulted in decreased interhemispheric
gamma electroencephalogram coherence (which is associated
with episodic memory processing).
Other proposed theoretical models are based on rapid
eye movement (REM) sleep and orienting response models.
Research suggests that integration of episodic memories to
semantic memories occurs during sleep.13 Brain research
has demonstrated specific brain regions that are affected
by the restimulation of traumatic memories in PTSD; these
are the same regions activated in the REM phase of sleep.13
The repeated bilateral eye movements are thought to activate
the brain stem into a REM sleep state, thus supporting memory integration and a reduction in PTSD symptoms.13,89
The same repetitive bilateral stimulation reorienting
attention from one side to another is also proposed to activate
a similar neurological mechanism to REM sleep through an
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orienting response.10 Activation of these mechanisms shifts
the brain into a “memory processing mode” similar to REM
sleep, permitting the integration of traumatic memories.10,13,90
It has also been proposed that eye movements trigger the
orienting response by activating an “investigatory reflex”
that is firstly an alert response and then a reflective pause
that produces dearousal if there is no real threat.91 This reflex
response results in heightened alertness which is proposed
to permit exploratory behaviors where cognitive processes
become more flexible and efficient, allowing the traumatic
memory to be integrated.92 The eye movements are proposed
to create a relaxation response, facilitating reprocessing of
memories by decreasing distress.55,93
Under a working memory model it has been hypothesized
that the positive effects from EMDR result from the eye
movements creating a dual attention task. In line with the
working memory model proposed by Baddley,94 working
memory has limited capacity. When dual attention is required,
the quality of the trauma image deteriorates, resulting in it
being pushed out of working memory and integrated into
long-term (semantic) memory where vividness and emotionality are reduced.80,82,95 The dual task of holding the emotion
in mind while focusing on bilateral eye movements may
disrupt the storage of traumatic memories, decreasing the
episodic quality of the memory and therefore decreasing the
symptoms of PTSD.58,85 More specific exploration by Gunter
and Bodner80 resulted in the proposition that memories
held in the visuospatial sketchpad (a subsystem of working
memory) decrease in vividness when eye movements deplete
processing resources. Research has shown that a reduction in
vividness of the memory, proposed to be due to eye movements, may result in a subsequent decrease in emotionality
around the memory and a corresponding decrease in PTSD
symptoms.85 More research is required to verify a causal
relationship between the level of vividness and consequent
changes in emotionality.
Overall, key processes underlying EMDR mechanisms
are complex in line with the treatment structure, which
involves components of mindfulness, cognitive restructuring,
exposure to the memory, and a sense of personal mastery.75
A few studies have assessed neurobiological changes pre and
post EMDR treatment to begin to establish structural and
functional changes that may occur. Lansing et al96 found a
decrease in the left and right occipital lobe, left parietal lobe,
and right precentral lobe, and increased perfusion in the left
inferior frontal gyrus for participants following an average
of 10.25 hours of EMDR. Similarly, single-photon emission computed tomography results showed normalization of

submit your manuscript | www.dovepress.com

Dovepress

279

Dovepress

McGuire et al

cerebral blood flow in the parieto-occipital, visual cortex, and
hippocampus, and an increased cerebral blood flow in the
prefrontal cortex in participants receiving EMDR.97
Electroencephalography has been used to monitor
neuronal activation while actively engaged with bilateral
eye movements.98 Participants in the study by Pagani et al
were found to have activation in the prefrontal regions,
limbic regions, fusiform and visual cortex, ie, areas that
have been associated with decreases in negative emotional
experiences.98 This study supports the hypothesis that EMDR
works by moving the memory from an implicit subcortical
to an explicit status where different cortical regions work to
process the experience.
Lower gray matter density has been found in individuals
with symptomatic PTSD (n=21) compared with individuals
who have asymptomatic PTSD (n=22) in the left posterior
cingulate (possibly influencing retrieval of autobiographical
memories and relation to self) and left posterior parahippocampal gyrus.99 In a second part of this study, 15 of the
symptomatic participants received EMDR. The results
showed that participants who responded well to EMDR
(n=10) exhibited a proportional increase in gray matter
density in the bilateral posterior cingulate as well as anterior insula and right anterior parahippocampal gyrus when
compared with non-responders. Nardo et al99 proposed that
structural changes in these areas may influence the ability to
cognitively reappraise and to integrate emotions and body
sensation, resulting in non-response to EMDR.

Future directions and conclusion
PTSD is a complex disorder, and underlying mechanisms
continue to be explored and understood. Neurobiological
research is in its infancy; although it is already adding to
the understanding of processes driving PTSD, there is mixed
evidence supporting any one theory or neurobiological site.
Future research exploring pre- and posttreatment structural
and functional changes is required to support the hypotheses
currently being suggested, and to explore specific areas of
the amygdala, hippocampus, and the prefrontal cortex. It is
vital that a methodological benchmark be set for such studies,
because the various methods used are producing inconsistencies and some confusion regarding already complicated
research models.
EMDR has demonstrated effectiveness and efficiency in
the treatment of PTSD, and future research and directions
for EMDR are abundant. The evidence to date suggests that
traditional exposure-based therapy models and EMDR have
different processes, both theoretically and when reviewing
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the processes of each treatment model. Theories and research
looking at the function and structure of the memory system
in relation to its role in PTSD and in EMDR continue to
evolve. Recent areas of interest are the visuospatial sketchpad
(processing visuospatial information) and the phonological
loop (processing verbal information), which may lead to
further clarification of the mechanisms of EMDR.80,82 Further
exploration of the role of eye movements in EMDR, and what
mechanisms they activate when contributing to symptom
reduction, is necessary.
Further research on outcomes research looking at treatment
efficiency, particularly in a population that presents with complex trauma, is necessary. Efficiency is imperative in clinical
settings where government and private funding models only
allow a minimum number of sessions, and attrition rates are
high in many settings. Hence, the potential of EMDR as a
superior treatment model based on efficacy and efficiency is
of critical importance and requires methodologically strong
research to ensure that clinicians can make a clear choice in
the treatment model they use. Research in children and adolescents is sparse, with comparative outcome studies required to
determine the effectiveness of EMDR in this population.
EMDR is also in the early stages of being identified as a
type of treatment for attachment disorders, grief, nightmares,
other anxiety disorders, and substance disorders. Research to
date is limited, but the results available indicate that comorbid disorders may also respond to EMDR. It is important to
explore the potential of EMDR to provide clinicians with a
treatment model that can traverse many symptom presentations in an efficient manner.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Brewin CR. Prospects and problems in studying traumatic flashbacks:
reply to Kvavilashvili. Psychol Bull. 2014;140:105–108.
2. Holmes EA, Bourne C. Inducing and modulating intrusive emotional
memories: a review of the trauma film paradigm. Acta Psychol. 2008;127:
553–556.
3. Shalev AY. What is posttraumatic stress disorder. J Clin Psychiatry.
2001;62:4–10.
4. Foa EB, Molnar C, Cashman L. Change in rape narratives during
exposure to therapy for posttraumatic stress disorder. J Trauma Stress.
1995;8:675–690.
5. Van der Kolk B, Fisler R. Dissociation and the fragmentary nature of
traumatic memories: over-view and exploratory study. J Trauma Stress.
1995;8:505–525.
6. Brewin CR, Holmes EA. Psychological theories of posttraumatic stress
disorder. Clin Psychol Rev. 2003;23:339–376.
7. Dunmore E, Clark DM, Ehlers A. Cognitive factors involved in the onset
and maintenance of posttraumatic stress disorder (PTSD) after physical
or sexual assault. Behav Res Ther. 1999;37:809–829.

Psychology Research and Behavior Management 2014:7

Dovepress
8. Morris MK, Kaysen D, Rezvi SL, Resick PA. Peri-traumatic responses
and their relationship to perceptions of threat in female crime victims.
Violence Against Women. 2005;11:1515–1535.
9. Bremner JD. Does stress damage the brain? Soc Biol Psychiatry.
1999;45:797–805.
10. Levin P, Lazrove S, Van der Kolk B. What psychological testing and
neuroimaging tell us about the treatment of post traumatic stress disorder by eye movement desensitization reprocessing. J Anxiety Disord.
1999;13:159–172.
11. Bremner JD, Vythilingam M, Vermetten E, et al. Cortison response
to a cognitive stress challenge in posttraumatic stress disorder
(PTSD) related to child abuse. Psychoneuroendocrinology. 2003;28:
733–750.
12. Squire LR, Zola-Morgan S. The medial temporal lobe memory system.
Science. 1991;253:1380–1386.
13. Stickgold R. EMDR: a putative neurobiological mechanism of action.
J Clin Psychol. 2002;58:61–75.
14. Lindauer RJ, Vlieger E, Jalink M, et al. Effects of psychotherapy on
hippocampal volume in out-patients with post-traumatic stress disorder:
a MRI investigation. Psychol Med. 2005;35:1421–1431.
15. Olff M, Langeland W, Gersons BP. Effects of appraisal and coping on
the neuroendocrine response to extreme stress. Neurosci Biobehav Rev.
2005;29:457–467.
16. Bossini L, Tavanti M, Calossi S, et al. Magnetic resonance imaging
volumes of the hippocampus in drug-naive patients with post-traumatic
stress disorder without comorbidity conditions. J Psychiatr Res.
2008;42:752–762.
17. Kitayama N, Vaccarino V, Kutner M, Weiss P, Bremner JD. Magnetic
resonance imaging (MRI) measurement of hippocampal volume in
posttraumatic stress disorder: a meta-analysis. J Affect Disord. 2005;88:
79–86.
18. Vythilingam M, Luckenbaugh DA, Lam T, et al. Smaller head of
the hippocampus in Gulf War-related posttraumatic stress disorder.
Psychiatry Res. 2005;139:89–99.
19. Romero LM, Butler LK. Endocrinology of stress. Int J Comp Psychol.
2007;20:89–95.
20. Gould E, Tranapet P, McEwen BS, Flugge G, Fuchs E. Proliferation
of granule cell precursors in the dentate gyrus of adult monkeys is
diminished by stress. Proc Natl Acad Sci U S A. 1998;95:3168–3171.
21. Bremner JD. Hypotheses and controversies related to effects of
stress on the hippocampus: an argument for stress induced damage
to the hippocampus in patients with posttraumatic stress disorder.
Hippocampus. 2001;11:75–81.
22. Diamond DM, Fleshner M, Ingersoll N, Rose GM. Psychological stress
impairs spatial working memory: relevance to electrophysiological studies of hippocampal function. Behav Neurosci. 1996;110:661–672.
23. Francati V, Vermetten E, Bremner JD. Functional neuroimaging studies
in posttraumatic stress disorder: review of current methods and findings.
Depress Anxiety. 2007;24:202–218.
24. Bremner JD. Does stress damage the brain? In: Understanding
Trauma: Integrating Biological, Clinical and Cultural Perspectives.
Kirmayer LJ, Lemelson R, Barad M, editors. New York, NY, USA:
Cambridge University Press; 2007.
25. Morey RA, Gold AL, LaBar KS, et al. Amygdala volume changes in
posttraumatic stress disorder in a large case controlled veterans group.
Arch Gen Psychiatry. 2012;69:1169–1178.
26. Vyas A, Pillai AG, Chatterji S. Recovery after chronic stress fails to
reverse amygdaloid neuronal hypertrophy and enhanced anxiety-like
behavior. Neuroscience. 2004;128:667–673.
27. Shin LM, Wright CI, Cannistraro PA, et al. A functional magnetic
resonance imaging study of amygdala and medial pre frontal cortex
responses to overtly presented fearful faces in posttraumatic stress
disorder. Arch Gen Psychiatry. 2005;62:273–281.
28. Semple WE, Goyer PF, McCormick R, et al. Higher brain blood flow
at amygdala and lower frontal cortex blood flow in PTSD patients
with comorbid cocaine and alcohol abuse compared with normals.
Psychiatry. 2000;63:65–74.

Psychology Research and Behavior Management 2014:7

Eye movement desensitization and reprocessing therapy in PTSD
29. Murrough JW, Huang Y, Hu J, et al. Reduced amygdala serotonin
transporter binding in posttraumatic stress disorder. Biol Psychiatry.
2011;70:1033–1038.
30. Kuo JR, Kaloupek DG, Woodward SH. Amygdala volume in combat
exposed veterans wish and without posttraumatic stress disorder. Arch
Gen Psychiatry. 2012;69:1080–1086.
31. Vyas A, Mitra, BS, Shankaranarayana Rao BS, Chattarji S. Chronic stress
induces contrasting patterns of dendritic remodeling in hippocampal
and amygdaloid neurons. J Neurosci. 2002;22:6810–6818.
32. Vyas A, Bernal S, Chattarji S. Effects of chronic stress on dendritic
arborization in the central and extended amygdala. Brain Res. 2002;965:
290–294.
33. Slade T, Watson D. The structure of common DSM-IV and ICD 10
mental disorders in the Australian general population. Psychol Med.
2006;36:1593–1600.
34. Grant DM, Beck JG, Marques L, Palyo SA, Clapp JD. The structure of
distress following trauma: posttraumatic stress disorder, major depressive disorder, and generalized anxiety disorder. J Abnorm Psychol.
2008;117:662–672.
35. Bonne O, Bandes D, Gilboa, et al. Longitudinal MRI study of hippocampal volume in trauma survivors with PTSD. Am J Psychiatry.
2001;158:1248–1251.
36. Sheline YI. Depression and the hippocampus: cause or effect? Biol
Psychiatry. 2011;70:308–309.
37. Breslau N, Davis GC, Peterson EL, Schultz LR. A second look at comorbidity in victims of trauma: the posttraumatic stress disorder-major
depression connection. Soc Biol Psychiatry. 2000;48:902–909.
38. Breslau N, Davis GC, Peterson EL, Schultz LR. Psychiatric sequelae
of posttraumatic stress disorder in women. Arch Gen Psychiatry.
1997;54:81–87.
39. Reynolds M, Mezey G, Chapman M, Wheeler M, Drummond C,
Baldacchino A. Comorbid post-traumatic stress disorder in a substance misusing clinical population. Drug Alcohol Depend. 2005;77:
251–258.
40. Back SE, Brady KT. Anxiety disorders with comorbid substance use
disorders: diagnostic and treatment considerations. Psychiatr Ann.
2008;38:724–729.
41. Back SE, Dansky BS, Coffey SF, Saladin ME, Sonne S, Brady KT.
Cocaine dependence with and without posttraumatic stress disorder:
a comparison of substance use, trauma history, and psychiatric
comorbidity. Am J Addict. 2000;9:51–62.
42. Rash CJ, Coffey SF, Baschnagel S, Drobes DJ, Saladin E. Psychometric
properties of the IES-R in traumatized substance dependent individuals
with and without PTSD. Addict Behav. 2008;33:1039–1047.
43. Farley M, Golding JM, Young G, Mulligan M, Minkoff JR. Trauma
history and relapse probability among patients seeking substance abuse
treatment. J Subst Abuse Treat. 2004;27:161–167.
44. Triffleman E. Gender differences in a controlled pilot study of psychosocial treatments in substance dependent patients with post-traumatic
stress disorder: design considerations and outcomes. Alcohol Treat Q.
2000;18:113–126.
45. Brady KT, Dansky BS, Back SE, Foa EB, Carroll KM. Exposure
therapy in the treatment of PTSD among cocaine-dependent individuals:
preliminary findings. J Subst Abuse Treat. 2001;21:47–54.
46. Hoge CW, McGurk D, Thomas JL, Cox AL, Engel CC, Castro CA.
Mild traumatic brain injury in US soldiers returning from Iraq. N Engl
J Med. 2008;358:453–463.
47. McMillan TM, Williams WH, Bryant R. Post-traumatic stress disorder
and traumatic brain injury: a review of causal mechanisms, assessment,
and treatment. Neuropsychol Rehabil. 2003;13:149–164.
48. McLean SA, Clauw DJ, Abelson JL, Liberzon I. The development
of persistent pain and psychological morbidity after motor vehicle
collision: integrating the potential role of stress response systems into
a biopsychosocial model. Psychosom Med. 2006;67:783–790.
49. Ruiz-Parraga GT, Lopez-Martinez AE. The contribution of
posttraumatic stress symptoms to chronic pain adjustment. Health
Psychol. 2013;10:1–10.

submit your manuscript | www.dovepress.com

Dovepress

281

McGuire et al
50. Otis JD, Keane TM, Kerns RD. An examination of the relationship
between chronic pain and posttraumatic stress disorder. J Rehabil Res
Dev. 2003;40:397–405.
51. Pedler A, Sterling M. Patients with chronic whiplash can be subgrouped
on the basis of symptoms of sensory hypersensitivity and posttraumatic
stress. Pain. 2013;154:1640–1648.
52. Bisson JI, Ehlers A, Matthews R, Pilling S, Richards D, Turner S.
Psychological treatments for chronic post-traumatic stress disorder:
systematic review and meta-analysis. Br J Psychiatry. 2007;190:97–104.
53. Bradley R, Greene J, Russ E, Duntra L, Westen D. A multidimensional
meta-analysis of psychotherapy for PTSD. Am J Psychiatry. 2005;162:
214–227.
54. Foa EB, Kozak MJ. Emotional processing of fear: exposure to corrective
information. Psychol Bull. 1986;99:20–35.
55. Schubert S, Lee CW. Adult PTSD and its treatment with EMDR:
a review of controversies, evidence, and theoretical knowledge. Journal
of EMDR Practice and Research. 2009;3:117–133.
56. Grunert BK, Weis JM, Smucker MR, Christianson HF. Imagery
rescripting and reprocessing therapy after failed prolonged exposure
for post-traumatic stress disorder following industrial injury. J Behav
Ther Exp Psychiatry. 2007;38:317–328.
57. Van der Kolk B, Pelcovitz D, Roth S, Mandel F, McFarlaine AC,
Herman JL. Dissociation, somatization and affect dysregulation: the complexity of adaptation to trauma. Am J Psychiatry. 1996;153:83–93.
58. Shapiro F. Eye Movement Desensitization and Reprocessing: Basic
Principles, Protocols, and Procedures. 2nd ed. New York, NY, USA:
Guilford Press; 2001.
59. Ironson G, Freund B, Strauss JL, Williams J. Comparison of two
treatments for traumatic stress: a community-based study of EMDR
and prolonged exposure. J Clin Psychol. 2002;58:113–128.
60. Lee C, Gavriel H, Drummond P, Richards J, Greenwald R. Treatment
of PTSD: stress inoculation training with prolonged exposure compared
to EMDR. J Clin Psychol. 2002;58:1071–1089.
61. Van Etten ML, Taylor S. Comparative efficacy of treatments for posttraumatic stress disorder: a meta-analysis. Clin Psychol Psychother.
1998;5:126–144.
62. Vaughan K, Armstrong MS, Gold R, O’Connor N, Jenneke W, Tarrier N.
A trial of eye movement desensitization compared to image habituation
training and applied muscle relaxation in post-traumatic stress disorder.
J Behav Ther Exp Psychiatry. 1994;25:283–291.
63. Lee C, Gavriel H, Richards J. Eye movement desensitisation: past
research, complexities, and future directions. Aust Psychol. 1996;31:
168–173.
64. Nijdam MJ, Gersons BP, Reitsma JB, de Jongh A, Olff M. Brief eclectic
psychotherapy v eye movement desensitisation and reprocessing therapy
in the treatment of post-traumatic stress disorder: randomised controlled
trial. Br J Psychiatry. 2012;200:224–231.
65. Power K, McGoldrick T, Brown K, et al. A controlled comparison of
eye movement desensitization and reprocessing versus exposure plus
cognitive restructuring versus waiting list in treatment of post-traumatic
stress disorder. Clin Psychol Psychother. 2002;9:229–318.
66. Rogers S, Silver SM, Goss J, Obenchain J, Willis A, Whitney RL.
A single session, group study on exposure and eye movement
desensitization and reprocessing in treating posttraumatic stress disorder among Vietnam war veterans: preliminary data. J Anxiety Disord.
1999;13:119–130.
67. Arabia E, Manca ML, Solomon RM. EMDR for survivors of lifethreatening cardiac events: results of a pilot study. Journal of EMDR
Practice and Research. 2011;5:2–13.
68. Rothbaum BO, Astin MC, Marsteller F. Prolonged exposure versus eye
movement desensitization and reprocessing (EMDR) for PTSD rape
victims. J Trauma Stress. 2005;18:607–616.
69. Foa EB, Keane TM, Friedman MJ, Cohen J. Effective Treatments for
PTSD: Practice Guidelines from the International Society for Traumatic
Stress Studies. 2nd ed. New York, NY, USA: Guildford Press; 2009.
70. Steckler T, Risborough V. Pharmacological treatment of PTSD – established
and new approaches. Neuropharmacology. 2012;62:617–627.

282

submit your manuscript | www.dovepress.com

Dovepress

Dovepress
71. Ravindran LN, Stein MB. Pharmacotherapy of PTSD. In: Stein MB,
Steckler T, editors. Behavioural Neurobiology of Anxiety and its
Treatment. Heidelberg, Germany: Springer; 2010.
72. Bisson JI. Pharmacological treatment of posttraumatic stress disorder.
Adv Psychiatr Treat. 2007;13:119–126.
73. Boudewyns PA, Stwertka SA, Hyer LE, Albrecht JW, Sperr EV. Eye
movement desensitization for PTSD of combat: a treatment outcome
pilot study. Behav Ther. 1993;16:30–33.
74. Rogers S, Silver SM. Is EMDR an exposure therapy? a review of trauma
protocols. J Clin Psychol. 2002;58:43–59.
75. Solomon RM, Shapiro F. EMDR and the adaptive information processing
model. Journal of EMDR Practice and Research. 2008;2:315–326.
76. Shapiro F. Eye Movement Desensitization and Reprocessing: Basic
Principles, Protocols, and Procedures. New York, NY, USA: Guilford
Press; 1995.
77. Foa EB, Dancu CV, Hembree EA, Jaycox LH, Meadows EA, Street GP.
Comparison of exposure therapy, stress inoculation training, and their
combination for reducing posttraumatic stress disorder in female assault
victims. J Consult Clin Psychol. 1999;67:194–200.
78. Marks I, Lovell K, Noshirvani H, Livanou M, Thrasher S. Treatment of
posttraumatic stress disorder by exposure and/or cognitive restructuring.
Arch Gen Psychiatry. 1998;55:317–325.
79. Davidson PR, Parker KC. Eye movement desensitization and reprocessing (EMDR): a meta-analysis. J Consult Clin Psychol. 2001;69:
305–316.
80. Gunter RW, Bodner GE. How eye movements affect unpleasant
memories: support for a working-memory account. Behav Res Ther.
2008;46:913–931.
81. Pitman RK, Orr SP, Altman B, Longpre RE. Emotional processing during eye movement desensitization and reprocessing therapy of Vietnam
veterans with chronic posttraumatic stress disorder. Comp Psychiatry.
1996;37:419–429.
82. van den Hout M, Engelhard IM, Rijkeboer MM, et al. EMDR: eye
movements superior to beeps in taxing working memory and reducing
vividness of recollections. Behav Res Ther. 2011;49:92–98.
83. Lee CW, Cuijpers P. A meta-analysis of the contribution of eye movements in processing emotional memories. J Behav Ther Exp Psychiatry.
2013;44:231–239.
84. Maxfield L, Hyer LE. The relationship between efficacy and methodology in studies investigating EMDR treatment of PTSD. J Clin Psychol.
2002;58:23–41.
85. Smeets MA, Difs MW, Pervan I, Engelhard IM, van den Hout M.
Time-course of eye movement-related decrease in vividness and emotionality of unpleasant autobiographical memories. Memory. 2012;20:
346–357.
86. Christman SD, Garvey KJ, Propper RE, Phaneuf KA. Bilateral eye movements enhance the retrieval of episodic memories. Neuropsychology.
2003;17:221–229.
87. Cabeza R, Nyberg L. Imaging cognition II: an empirical review of
275 PET and fMRI studies. J Cogn Neurosci. 2000;12:1–47.
88. Propper R, Pierce J, Geisler M, Christman S, Bellorado N. Effect of
bilateral eye movements on frontal interhemispheric gamma EEG
coherence: implications for EMDR therapy. J Nerv Ment Dis. 2007;195:
785–788.
89. Nelson JP, McCarley RW, Hobson JA. REM sleep burst neurons, PGO
waves, and eye movement information. J Neurophysiol. 1983;50:
784–797.
90. Wilson DL, Silver SM, Covi WG, Foster S. Eye movement
desensitization and reprocessing: effectiveness and autonomic
correlates. J Behav Ther Exp Psychiatry. 1996;27:219–229.
91. Schubert S, Lee CW, Drummond PD. The efficacy and psychophysiological correlates of dual-attention tasks in eye movement desensitization and reprocessing (EMDR). J Anxiety Disord. 2011;25:1–11.
92. Sack M, Lempa W, Steinmetz A, Lamprecht F, Hofmann A. Alterations
in autonomic tone during trauma exposure using eye movement
desensitization and reprocessing (EMDR) – results of a preliminary
investigation. J Anxiety Disord. 2008;22:1264–1271.

Psychology Research and Behavior Management 2014:7

Dovepress
93. MacCulloch MJ, Feldman P. Eye movement desensitization treatment
utilizes the positive visceral element of the investigatory reflex to inhibit
the memories of post-traumatic stress disorder: a theoretical analysis.
Br J Psychiatry. 1996;169:571–579.
94. Baddeley AD. Working Memory. Oxford, UK: Oxford University Press;
1986.
95. Andrade J, Kavanagh D, Baddeley A. Eye-movements and visual
imagery: a working memory approach to the treatment of post-traumatic
stress disorder. Br J Clin Psychol. 1997;36:209–223.
96. Lansing K, Amen DA, Hanks C, Rudy L. High-resolution brain
SPECT imaging and eye movement desensitization and reprocessing in
police officers with PTSD. J Neuropsychiatry Clin Neurosci. 2005;17:
526–532.

Eye movement desensitization and reprocessing therapy in PTSD
97. Pagani M, Hogberg G, Salmaso D, et al. Effects of EMDR psychotherapy
on 99mTc-HMPAO distribution in occupation-related post-traumatic
stress disorder. Nucl Med Commun. 2007;28:757–765.
98. Pagani M, Di Lorenzo G, Verardo AR, et al. Neurobiological correlates of EMDR monitoring – an EEG study. PLoS One. 2012;7:
1–12.
99. Nardo D, Högberg G, Looi JC, Larsson S, Hällström T, Pagani M.
Gray matter density in limbic and paralimbic cortices is associated
with trauma load and EMDR outcome in PTSD patients. J Psychiatr
Res. 2010;44:477–485.

Dovepress

Psychology Research and Behavior Management

Publish your work in this journal
Psychology Research and Behavior Management is an international, peerreviewed, open access journal focusing on the science of psychology and
its application in behavior management to develop improved outcomes
in the clinical, educational, sports and business arenas. Specific topics
covered include: Neuroscience, memory & decision making; Behavior

modification & management; Clinical applications; Business & sports
performance management; Social and developmental studies; Animal
studies. The manuscript management system is completely online and
includes a quick and fair peer-review system. Visit http://www.dovepress.
com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/psychology-research-and-behavior-management-journal

Psychology Research and Behavior Management 2014:7

submit your manuscript | www.dovepress.com

Dovepress

283

