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This study aimed to investigate the psychophysiological correlates and the effectiveness of different
dual-attention tasks used during eye movement desensitization and reprocessing (EMDR). Sixty-two non-
clinical participants with negative autobiographical memories received a single session of EMDR without
eye movements, or EMDR that included eye movements of either varied or fixed rate of speed. Subjective
units of distress and vividness of the memory were recorded at pre-treatment, post-treatment, and 1
MDR
ye movements
utobiographical memory
sychophysiology
rienting response

week follow-up. EMDR-with eye movements led to greater reduction in distress than EMDR-without eye
movements. Heart rate decreased significantly when eye movements began; skin conductance decreased
during eye movement sets; heart rate variability and respiration rate increased significantly as eye
movements continued; and orienting responses were more frequent in the eye movement than no-eye
movement condition at the start of exposure. Findings indicate that the eye movement component in
EMDR is beneficial, and is coupled with distinct psychophysiological changes that may aid in processing

negative memories.

. Introduction

An extensive body of literature has demonstrated efficacy of eye
ovement desensitization and reprocessing (EMDR) for the treat-
ent of posttraumatic stress disorder (PTSD). Meta-analyses that

ave examined efficacy of EMDR have concluded that it is as effec-
ive as traditional exposure therapy (Bisson et al., 2007; Bradley,
reene, Russ, Dutra, & Westen, 2005), and many international clini-
al practice guidelines recommend both therapies for the treatment
f PTSD (Foa, Keane, Friedman, & Cohen, 2009; National Institute
or Clinical Excellence, 2005). However, processes that operate in
MDR remain unclear. In particular, a longstanding debate contin-
es in the literature about whether processes in EMDR are different
rom those of traditional exposure, and controversy still remains
bout the role of the eye movements in EMDR.

EMDR is a complex therapy with many elements (Solomon &
hapiro, 2008). Processes identified in EMDR include mindfulness,

omatic awareness, free association, cognitive restructuring, and
onditioning. These processes may interact to create the positive
ffects achieved through EMDR (Gunter & Bodner, 2009; Solomon
Shapiro, 2008). However, the mechanism of change in EMDR that

∗ Corresponding author. Tel.: +61 408 483460; fax: +61 8 9360 6492.
E-mail addresses: s.schubert@murdoch.edu.au (S.J. Schubert),

hris.lee@murdoch.edu.au (C.W. Lee), p.drummond@murdoch.edu.au
P.D. Drummond).

887-6185/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.janxdis.2010.06.024
© 2010 Elsevier Ltd. All rights reserved.

has received most attention in the scientific literature is the eye
movements (EMs) and other bilateral stimulation (i.e., tones and
tapping) that are used as a dual-attention task within the proce-
dure. To date, research that has examined the effect of the EMs
in EMDR has resulted in mixed and inconsistent findings. It has
been demonstrated that a single session of EMDR-with EMs leads
to greater reductions in distress compared to EMDR-without EMs
(Lee & Drummond, 2008; Wilson, Silver, Covi, & Foster, 1996). How-
ever, other researchers have reported that EMDR-with or -without
EMs led to significant positive, but equivalent treatment effects
(Pitman et al., 1996; Renfrey & Spates, 1994). Davidson and Parker
(2001) employed meta-analysis to examine the impact of the EMs
in EMDR, but found only marginally significant effects of the EMs
in clinical populations. Thus, at present the contribution that EMs
make to overall clinical effectiveness remains unclear.

A separate, expansive body of literature demonstrates that EMs
have various effects on cognitive, neurological, and physiological
processes that aid in memory processing. Laboratory research on
non-clinical samples has demonstrated that when negative memo-
ries are recalled induced EMs decrease the emotionality and degree
of vividness associated with them (Andrade, Kavanagh, & Baddeley,
1997; Barrowcliff, Gray, Freeman, & MacCulloch, 2004; Gunter &

Bodner, 2008; Kavanagh, Freese, Andrade, & May, 2001; Maxfield,
Melnyk, & Hayman, 2008; van den Hout, Muris, Salemink, & Kindt,
2001). Induced saccadic EMs have also been shown to affect cog-
nitive processes such that they enhance episodic memory retrieval
(Christman, Garvey, Propper, & Phaneuf, 2003; Christman, Propper,
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Dion, 2004; Propper & Christman, 2008), increase the accuracy of
emories recalled (Christman et al., 2004; Lyle, Logan, & Roediger,

008; Parker, Relph, & Dagnall, 2008), induce cognitive and seman-
ic flexibility, and facilitate attentional orienting (Kuiken et al.,
001–2002). Research investigating the neurological effects of EMs
as demonstrated that saccadic EMs create changes in brain acti-
ation that enhance memory processing (Christman et al., 2003;
hristman et al., 2004; Christman, Propper, & Brown, 2006).

While neurological changes created by EMs is a relatively new
eld of research, the physiological effects of induced EMs have
een reported for many years, not only in laboratory studies
ut also more recently in treatment studies with PTSD patients
Elofsson, von Schèele, Theorell, & Söndergaard, 2008; Sack et al.,
008). EMs produce distinct psychophysiological effects, with most
tudies suggesting that they are associated with psychophysiolog-
cal dearousal (for a review, see Söndergaard & Elofsson, 2008).
or example, Barrowcliff et al. (2004) found that when partici-
ants brought-to-mind negative autobiographical memories EMs,
ompared to an eyes stationary condition, consistently reduced
hysiological arousal as indicated by significantly lower skin con-
uctance. They concluded that their findings offer support for the
rienting response theory of EMDR (MacCulloch and Feldman,
996).

The orienting response (OR) was first described by Pavlov (1927)
s “a “what-is-it” reflex which brings about the immediate response
n man and animals to the slightest change in the world around
hem, so that they immediately orientate their appropriate recep-
or organ in accordance with the perceptible quality in the agent
ringing about the change, making full investigation of it” (p. 12).
ussian physiologist Eugene Sokolov (1963) proposed that the OR
as two distinct phases: first, an alerting reaction in response to
novel stimulus in the environment; and second, habituation that

eads to a reduction of the OR with repeated stimulus presentations
n the face of no danger or threat. The OR is a well defined reflex and
t is one of the most heavily investigated topics in psychophysiol-
gy (Sokolov & Cacioppo, 1997). The psychophysiological profile
f the OR is characterized by an increase in parasympathetic
one (reflected by bradycardia and increased heart rate variabil-
ty), decreases in respiration rate, and an increase in sympathetic
one (reflected by skin conductance increases and skin tempera-
ure reductions) (Öhman, Hamm, & Hugdahl, 2000). This reaction
s a short-term (less than 10 s) response that habituates quickly.
hapiro (1995) has proposed that desensitization of trauma mem-
ries occurs in EMDR through possible mechanisms such as the
rienting response, and other mechanisms such as disruptions in
orking memory and reciprocal inhibition.

The EM component in EMDR is thought to aid in the processing of
emories by taxing working memory (Maxfield et al., 2008). Work-

ng memory theories of EMDR are based on Baddeley and Hitch’s
1974) model that states that working memory is a capacity limited
ystem that is responsible for consciously maintaining information
n the face of ongoing information processing and/or distraction.

orking memory theory proposes that targeted memories are held
n working memory during EMDR. Concurrently engaging in EMs
uring EMDR overloads working memory capacity and, in turn, the
emories held in mind become less vivid. Working memory theory

redicts that the more complex the dual-attention task in EMDR,
he greater the reductions in vividness and distress associated with
egative memories.

A third account of EMDR proposes that counter-conditioning
hrough reciprocal inhibition (Wolpe, 1991) is a mechanism under-

ying EMDR. The theory of reciprocal inhibition posits that two
ncongruent responses (relaxation and anxiety) cannot coexist.
esearch suggests that the EMs in EMDR, through inducing ORs that
issipate, create a state of physiological dearousal while patients
imultaneously think about the traumatic memory (Wilson et al.,
ty Disorders 25 (2011) 1–11

1996). Thus, a relaxation response is paired with the distress asso-
ciated with the traumatic memory and, in turn, the association
between the traumatic memory and the distress response weakens.
Studies using EMDR have found that psychophysiological dearousal
occurs from before to after successful treatment (Aubert-Khalfa,
Roques, & Blin, 2008; Forbeset al., 1994; Sack, Lempa, & Lamprecht,
2007). Surprisingly, however, very little empirical research has
examined psychophysiological changes during treatment sessions
in patients with PTSD.

The first published study to have examined the mechanisms
of EMDR by investigating the autonomic responses during EMDR
was by Wilson et al. (1996). Eighteen subjects with distressing
memories of traumatic events were treated with a single ses-
sion of either EMDR-with EMs or two comparison treatments
(EMDR-with tapping, or EMDR-with no EMs). EMDR-with EMs,
but neither of the comparison conditions, led to significant phys-
iological dearousal from before to after treatment. Onset of the
EMs was associated with a relaxation response, suggesting that
reciprocal inhibition is at least one of the mechanisms underlying
EMDR.

More recently similar autonomic changes have been reported
during EMDR intervention in naturalistic treatment settings with
PTSD clients (Elofsson et al., 2008; Sack, Lempa, Steinmetz,
Lamprecht, & Hofmann, 2008). Both studies provide support for a
dearousal model of EMDR, as the authors demonstrated that EMDR
resulted in significant physiological dearousal across the treatment
session, reflected by a shift in autonomic balance as indicated by
lowered heart rate (HR), respiration rate (RR), skin conductance
(SC), and increased heart rate variability (HRV). Analysis of the
within session physiological processes also indicated that the EM
component in EMDR was associated with certain physiological
changes. When the EMs began HR significantly decreased within
the first 10 s, and HRV increased, together indicating decreased
sympathetic and increased parasympathetic activity respectively.
Although RR decreased across sessions, both Sack and Elofsson
found that EM sets were associated with a significant increase
in RR. Elofsson and colleagues also demonstrated that EMs were
associated with a trend towards a decrease in SC. Sack and col-
leagues concluded that there was a clear association between the
onset of redirecting the focus of awareness and following the
therapist’s moving hand with one’s eyes and the elicitation an
orienting response with psychophysiological de-arousal. A limita-
tion of these findings was that neither study included a control
group; therefore, the causal relationship between the onset of
the EMs and the observed psychophysiological changes remains
unclear.

The primary aim of this study was to investigate the psy-
chophysiological correlates of the EM component in EMDR during
a single treatment session by comparing findings to an EMDR
condition with the eye movements omitted from the proce-
dure. The study therefore also assessed the necessity of the
EMs in EMDR. A further aim was to examine the effectiveness
and psychophysiological correlates of two different types of eye
movements commonly used in EMDR: fixed rate versus varied
rate.

It was hypothesized that EM conditions would be more effec-
tive than the no-EM condition at reducing distress associated with
negative memories. A further hypothesis was that the varied EM
condition, assumed to be more taxing on working memory, would
be more effective than the fixed EM condition and would generate
more orienting responses. It was also hypothesized that physio-
logical arousal would decrease within treatment sessions, and that
different physiological responses would be noted for the EM con-

ditions compared to the no-EM condition. Finally, it was expected
that the physiological patterns of an orienting response would
occur at the beginning of stimulation sets for the EM conditions.
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. Method and materials

.1. Participants

Sixty-four psychology students from an Australian university
ere recruited, and two were excluded. An inclusion criterion was

hat the participants had a memory of a stressful experience that
till created a level of distress. One participant was excluded due
o scoring above 30 on the Dissociative Experiences Scale (DES-II:
arlson & Putnam, 1993) and the other participant’s rate of dis-
ress at pre-test was too low to warrant treatment. The 51 females
82.3%) and 11 males (17.7%) who completed treatment had an
verage age of 24.74 years (SD = 9.671, range = 18–58 years). Eighty-
ve percent of the participants were Caucasian and 15% were Asian.
he majority (86%) of participants received course credit for par-
icipating. After receiving information about the aims of the study,
ll participants gave their written consent. The University Human
esearch Ethics committee approved the study.

.2. Design

This experiment had one between participants independent
ariable with three levels: 1. fixed eye movements (EM-fixed),
. varied eye movements (EM-varied), and 3. a no eye move-
ent control (no-EM). In all conditions participants received EMDR

reatment that differed only in the type of dual-attention task
sed during stimulation sets. Participants in the EM-fixed con-
ition engaged in eye movements that were fixed in width and
ere a constant rate of one back and forth per second. Partici-
ants in the EM-varied condition received eye movements that
aried in speed and width. The induced EMs were thus pursuit
Ms that involved catch-up and/or anticipatory saccadic intrusions
Collewijn & Tamminga, 1984; Kapoula, Yang, Bonnet, Bourtoire, &
andretto, 2010), however the extent of saccadic intrusions were
ot measured. In the no-EM, exposure only control, the eye move-
ents were removed from the EMDR procedure. Instead, during

ach set participants closed their eyes for the average period of a
et (approximately 24 s).

.3. Procedure and measures

Before any discussion of trauma memories participants com-
leted the Dissociative Experiences Scale (DES: Bernstein &
utnam, 1986). This is a commonly used, standardized test of disso-
iation for non-clinical and clinical samples. In college samples high
corers have been identified as those scoring above 30 (Zingrone &
lvarado, 2001); thus to avoid including participants with disso-
iative tendencies those who scored above 30 were excluded.

Participants were asked to recall a stressful or traumatic experi-
nce that had happened to them in the past that still created distress
hen they thought of the experience in the present. Participants
ere introduced to the Subjective Units of Distress Scale (SUDs:
olpe, 1991), which is an 11-point self-report scale (0 = no dis-

urbance or distress; 10 = the highest distress possible) routinely
sed to assess the intensity of distress associated with a specific
xperience. The validity of the SUDs scale has been demonstrated
Kaplan, Smith, & Coons, 1995; Kim, Bae, & Park, 2008), and the scale
as been shown to correlate with several physiological measures
f stress (Thyer, Papsdorf, Davis, & Vallecorsa, 1984).

Participants were asked to recall an incident that was associated
ith a score of approximately 6 on the SUDs scale. Participants

escribed the incident and identified the most distressing moment.
his moment became the target memory. Participants were asked
o rate the vividness of the target memory by holding it in mind
or 10 s and indicating on a 10 cm visual analogue scale the degree
o which the image appeared vivid from “not at all clear” (extreme
ty Disorders 25 (2011) 1–11 3

left) to “very clear” (extreme right). This measure has been used
in previous studies to rate vividness (Lee & Drummond, 2008; van
den Hout et al., 2001). Following this, participants completed an
Impact of Events Scale (IES: Horowitz, Wilmer, & Alvarez, 1979) for
the incident. Treatment was then administered.

Treatment in all conditions followed Shapiro’s (2001) EMDR
protocol and included six phases: 1. Preparation, 2. Target assess-
ment, 3. Desensitization, 4. Installation of a positive cognition, 5.
Body scan, and 6. Closure. After the preparation phase the therapist
allocated participants to a condition by drawing the top unmarked
instruction package from a shuffled pile. Treatment rationales were
given as per the instructions for the particular assigned condition.
After this, participants completed an expectancy scale that was
designed to assess the degree to which they expected their assigned
condition to be successful at reducing the distress associated with
their target memory. The 10-point expectancy scale was based on
expectancy items used in previous research (Borkovec & Nau, 1972;
Feske & Goldstein, 1997; Lee & Drummond, 2008).

Once desensitization began treatment continued for a max-
imum of 45 min. This controlled for the amount of treatment
participants received, but meant that the session length did not
always allow for the installation phase and body scan to be com-
pleted. If SUDs did not decrease significantly, a relaxation or safe
place procedure was administered after all physiological measures
had been recorded, but before closing the session. Participants were
followed up 1 week later via telephone to attain a SUDs and vivid-
ness (VAS) rating relating to the target memory.

Treatment was administered by the first author, a post-graduate
clinical psychology student with level II EMDR training (accredited
by the international EMDR association). After treatment partic-
ipants rated their response to the question “how confident do
you believe the therapist was that the type of procedure used to
process the emotional memory would help you?” on an 11-point
scale (0 = not confident, 10 = extremely confident). Treatment ses-
sions were videotaped. The second author randomly selected 6
tapes from the EM conditions and 6 from the no-EM condition and
rated the sessions according to a fidelity checklist provided from
EMDR training. The checklist used a 7-point scale to rate the imple-
mentation of the EMDR treatment procedures (1 = poor, 4 = fair,
and 7 = excellent). For ratings of treatment fidelity, a mean over-
all integrity rating of 6.27 (SD = 0.14) was assigned to the therapy
sessions in the EM conditions, and 6.18 (SD = 0.15) to the sessions in
the no-EM condition. These means were not significantly different,
t10 = 1.02, p = .33.

2.4. Psychophysiological assessment

Physiological variables measured were HR, HRV, RR, and SC.
These variables were chosen because they could be measured non-
invasively, without interference to treatment, and because they are
commonly used as indices for de-arousal and are assumed to be
involved in the physiological pathways operating in working mod-
els of EMDR. Prior to participants providing a description of their
distressing experience, electrodes and sensors were placed and the
physiological variables were allowed to stabilize for a 5 min adap-
tation period. Data acquisition took place throughout the whole
session.

Electrocardiogram (ECG) data was recorded using a standard
three-lead configuration where Ag-AgCl-electrodes were placed on
the inner aspect of both forearms and the right ankle. SC was mea-
sured using a Galvanic Skin Response Amplifier GSR100C (Biopac

Systems Inc.), and was recorded by means of constant voltage (0.5 V,
set to a Gain of 2 �S per volt) using a pair of Ag/AgCl-electrodes
(8 mm internal diameter) filled with electrode gel (Johnson and
Johnson KY Jelly as recommended by Edelberg, 1967). Electrodes
were attached to the second phalanx of the middle and ring fin-
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ers on participant’s non-dominant hand. RR was acquired using
flexible respiration belt that detected changes in thoracic cir-

umference. Signals were sampled 1000 times/second via a Biopac
P100 data acquisition system and data was stored and averaged

sing Acknowledge software 3.9.0 (Biopac Systems Inc.).

.5. Psychophysiological signals processing

Physiological measures were monitored during the recording
nd visually inspected offline. Recording artifacts were manually
dentified and corrected by interpolation if less than 10% of any

easurement period needed correction; otherwise, measurement
eriods were discarded (resulting in differing degrees of freedom
hroughout the analysis).

To calculate HR and HRV a time series waveform of interbeat
ntervals was generated from the ECG data. From this the aver-
ge heart beat per minute was calculated for each measurement
eriod. Due to the nature of the EMDR protocol, with relatively
hort stimulation sets, and the short measurement periods exam-
ned in this study, HRV was calculated using the square root of the

ean squared differences (RMSSD) between successive interbeat
ntervals. RMSSD is the most commonly used method for calcu-
ating HRV from interval differences between heartbeats (Thayer,
ansen, & Johnson, 2008). It has been documented that HRV from

hort recordings can assess cardiac autonomic activity (Task Force
f the European Society of Cardiology and the North American
ociety of Pacing and Electrophysiology, 1996). There is growing
vidence that RMSSD is a suitable means to assess parasympathetic
ervous system activity, with reduced activity (i.e. low RMSSD val-
es) indicating a stress response. In addition, research by Schroeder
t al. (2004) demonstrated that RMSSD calculated from 10 s of data
howed the same reproducibility as those obtained from 6 min;
hus the HRV parameters in this data set should be accurate in
ssessing cardiac autonomic activity.

As the interval generated from raw respiratory data was
arkedly influenced by artifact, RR was determined by manually

ounting and averaging the number of breaths over each measure-
ent period, and was expressed in breaths per minute. SC was
easured and expressed in �S, and was determined by averag-

ng responses over each measurement period. The number of skin
onductance responses (SCRs) was also examined. A significant
CR was defined as a trough-to-peak increase of at least 0.04 �S.
hus, any response greater than this was tallied and averaged for
ach measurement period. SCRs were expressed in responses per
inute when comparing the number in the first three stimula-

ion sets compared to the last three sets. SCRs within sets were
xpressed as the number occurring per 10 s. The amplitude of SCRs
as also recorded, averaged for each measurement period, and

nalysed.

.6. Data reduction and statistical analyses

Self-report within session trends across conditions were inves-
igated using a repeated measures ANOVA to examine the effect of
ime. Specific hypotheses about the changes in self-reported mea-
ures for each condition were examined using contrast analysis by
onducting oneway ANOVAs that compared changes in the EM-
xed condition to the EM-varied condition, and also changes in the
M conditions combined to the no-EM condition.

To assess psychophysiological changes within sessions the fol-
owing measurement periods were defined: first, a 30 s baseline

eriod immediately prior to commencing the desensitization phase
nd another immediately after EMDR treatment ended; second, the
ean of the physiological variables was calculated within the first
and last 3 sets of the session. To assess the physiological changes
uring EM or no-EM/exposure periods the following measurement
ty Disorders 25 (2011) 1–11

periods were defined: A: 10 s interval prior to stimulation (pre-
stimulation); B: first 10 s of ongoing stimulation; C: middle period
of stimulation. This period was defined as the difference between
the first and final 10 s of each set. D: final 10 s of stimulation. Data
were not included if any measurement period was less than 10 s.

Significant effects were examined using a repeated measures
ANOVA, with the treatment condition as a between participants
factor and time as the repeated factor. Post hoc analyses used paired
samples t-tests for within condition comparisons and independent
t-tests for between condition comparisons. Bonferroni corrections
were used with all t-tests, and an overall significance level was set
at an alpha level of .05. To report the magnitude of statistically sig-
nificant effects partial eta squared (�2

p) is used to report effect sizes
for repeated measures ANOVAs and Cohen’s d for oneway ANOVAs
and t-tests. Data were analyzed using SPSS 17.

3. Results

3.1. Preliminary analysis

Prior to the main analysis, appropriate tests were conducted to
determine whether groups were equivalent in terms of stimula-
tion periods received during treatment, baseline data associated
with the target memory, and expectancies of treatment. Within
EMDR sessions the mean number of stimulation periods (with SD
in parentheses) for all treatment conditions were: EM-fixed = 24.43
(7.58), EM-varied = 25.95 (7.41), no-EM = 27.95 (9.14). A oneway
ANOVA revealed that these means were not significantly different,
F2, 59 = .98, p = .38. Oneway ANOVAs were also used to investigate
differences between treatment groups on pre-treatment measures.
No differences were found for the IES, F2, 59 = .53, p = .59, DES-II, F2,

59 = .50, p = .61, SUDs, F2, 59 = .62, p = .54, or VAS ratings, F2, 59 = .09,
p = .92. The associated scores on the IES (M = 30.92, SD = 11.62) and
the pre-treatment SUDs ratings (M = 6.92, SD = 1.24) indicated that
the majority of participants chose memories associated with a
medium level of trauma symptomatology and a moderate degree
of distress. No differences were found between treatment condi-
tions on treatment expectancy ratings, F2, 59 = .09, p = .41, or the
participant’s perception of the therapist’s confidence in the treat-
ment process, F2, 24 = .10, p = .91. Thus, random assignment appears
to have resulted in each condition being equivalent prior to the
intervention, and there is no evidence that expectancy or therapist
confidence in the treatment conditions played a part in treatment
effects.

3.2. Self-report within session trends

A repeated measures ANOVA revealed that SUDs decreased sig-
nificantly in all treatment conditions over time, F2, 118 = 256.21,
p < .0005, �2

p = .81 (see Fig. 1). The rate of improvement across
treatment conditions was investigated with oneway ANOVAs to
compare the EM conditions combined to the no-EM condition, and
also to compare the EM-Fixed to the EM-varied condition. When
comparing the EM to the no-EM condition the analysis revealed that
participants in the EM condition had significantly lower SUDs rat-
ings than those in the no-EM condition at both post-treatment, F1,

60 = 3.72, p = .03, d = .46 (one-tailed), and at follow-up, F1, 60 = 5.59,
p = .01, d = .61, (one-tailed). In contrast to what was hypothesized,
no significant differences were found in reported SUDs ratings of
participants in the EM-fixed condition compared to the EM-varied

condition at either post-treatment or follow-up, F1, 40 = 2.06, p = .16,
d = .45 and F1, 40 = 2.44, p = .13, d = .49 respectively.

A repeated measures ANOVA revealed that VAS ratings
decreased significantly in all treatment conditions over time, F2,

118 = 68.49, p < .0005, �2
p = .54 (see Fig. 2).
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ig. 1. Mean SUDs ratings for each condition at pre- and post-treatment, and at
ollow-up. Error bars represent standard error of the mean (SEM).

The reduction in VAS ratings across treatment conditions
as investigated with oneway ANOVAs using planned contrasts.
lthough there was a trend towards the reductions in VAS rat-

ngs being greater in the EM conditions compared to the no-EM
ondition at post-treatment no significant differences were found
etween the EM and no-EM conditions, or between the EM-fixed
nd EM-varied condition at any time point.

.3. Psychophysiological trends from before to after EMDR
reatment

First, trends in physiological data were examined using repeated
easures ANOVAs, and significant effects were examined based

n hypotheses using oneway ANOVAs with planned contrasts at
ach time point. With the exception of an elevation in the EM-
xed over the EM-varied condition in the size of skin conductance
esponses in the first 10 s of the first three sets of the EMDR session,
o significant differences were found between changes in auto-
omic responses for the EM-fixed and EM-varied conditions when
xamining trends from before to after treatment, during stimula-
ion periods, or when examining the number of skin conductance
esponses within treatment. Therefore, to investigate the effect of

he eye movement component in EMDR, the analysis from this
oint on compared the physiological changes in both EM conditions
o responses in the no-EM condition.

Psychophysiological changes within treatment sessions were
xamined using repeated measures ANOVAs to investigate changes

ig. 2. Mean VAS ratings for each condition at preand post-treatment and at follow
p. Error bars represent SEM.
ty Disorders 25 (2011) 1–11 5

in each physiological variable from before to after treatment during
the rest period measured immediately before and after the desen-
sitization phase. The analysis revealed a significant decrease in
HR, F1, 60 = 10.38, p = .002, �2

p = .15, and SC, F1, 60 = 23.38, p < .0005,
�2

p = .28, across the treatment session, and a significant increase
in HRV, F1, 57 = 5.48, p = .02, �2

p = .09. Although RR appeared to
decrease within the session, the reduction was not significant, F1,

60 = 3.12, p = .08, �2
p = .05. Overall, these findings indicate physio-

logical dearousal from before to after treatment, consistent with the
reduction in subjective ratings of distress (SUDs). Time by condition
interactions were non-significant for SC, RR, or HRV measures, indi-
cating that the changes in physiology were similar in the EM and
no-EM conditions. However, for HR the time by condition interac-
tion approached significance, F1, 60 = 3.73, p = .058, �2

p = .06. Post
hoc analyses using paired t-tests revealed that the decrease in HR
from before to after treatment was significant for the EM condi-
tion, t41 = 4.61, p < .0005, d = 1.44, but in the no-EM condition the
decrease was not significant, t19 = 0.76, p = .46, d = .35 (see Table 1).

Changes within treatment sessions were also examined by com-
paring the physiological variables during the first three stimulation
periods to the last three stimulation periods of each session. Again,
the analysis revealed a significant decrease in HR, F1, 59 = 5.17,
p = .03, �2

p = .08, SC, F1, 57 = 16.91, p < .0005, �2
p = .23, and RR,

F1,60 = 10.89, p = .002, �2
p = .15, within the treatment session. How-

ever, there was no significant change in HRV, F1, 52 = 0.30, p = .86,
�2

p = .01. A significant time by condition interaction was noted for
changes in RR, F1, 60 = 12.72, p = .001, �2

p = .18. Post hoc analyses
using paired t-tests revealed that there was a significant reduction
in RR for the EM condition, t41 = 6.25, p < .0005, d = 1.02, but not in
the no-EM condition, t19 = −0.45, p = .88, d = −.20 (see Table 1).

These findings suggest that all EMDR conditions led to improve-
ment in SUDs and physiological dearousal, but different processes
occurred in EMDR when EMs were used compared to when EMs
were omitted. To further explore this possibility, physiological
correlates of the EM component in EMDR were examined during
stimulation periods within the desensitization phase of EMDR.

3.4. Psychophysiological changes during stimulation within
EMDR treatment sessions

Applying repeated measures ANOVAs, significant time effects
were noted for all physiological variables (see Table 2). Time by
condition interactions were significant for RR, approached signifi-
cance for HR, and were non-significant for SC and HRV. Main group
effects and within-subject contrasts that compared pre-stimulation
values (A) with during-stimulation phases (B, C, and D) revealed the
following.

Changes in RR differed between conditions (see Table 2 and
Fig. 3). The RR in the EM condition did not change significantly
from pre-stimulation to the first 10 s during the set. However, as
stimulation continued RR increased significantly. In contrast, when
EMs were omitted from the EMDR procedure RR decreased signif-
icantly within the first 10 s of the set. RR then began to increase,
but it remained lower than the pre-stimulation rate throughout
the set. Although the RR in the EM condition suggests physiolog-
ical arousal during stimulation, all other physiological variables
indicate a dearousal response throughout EM sets.

In the EM condition HR decreased significantly during stimula-
tion (see Table 2 and Fig. 4). However, in the no-EM condition the
change in HR was not significant. In addition to this, and consistent

with presence of an orienting response, a significantly large and
pronounced decrease in HR occurred within the first 10 s after the
eye movements began in the EM conditions. No significant change
in HR occurred during this period when eye movements were omit-
ted. Deceleration in HR in the EM conditions was accompanied by
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Table 1
Means, standard deviations, and statistical comparisons for psycho-physiological measures for each condition pre- and post-treatment, and during the first three vs. last
three stimulation periods of each treatment session.

Measure Condition BL30a pre BL30 post Statistical
comparison

EM1-3b first EM1-3 last Statistical
comparison

M (SD) M (SD) M (SD) M (SD)

HR EM 75.33 (10.51) 70.94 (9.14) *** 73.96 (9.38) 72.98 (8.83) ns
No EM 73.59 (10.39) 72.48 (9.05) ns 74.91 (10.08) 73.35 (9.45) *

SC EM 2.06 (1.61) 1.58 (1.25) *** 1.80 (1.20) 1.44 (1.03) ***
No EM 2.45 (1.59) 2.06 (1.34) ** 2.19 (1.24) 1.94 (0.99) *

RR EM 15.17 (5.29) 13.13 (3.38) * 17.31 (3.96) 14.85 (2.87) ***
No EM 15.19 (3.73) 14.93 (3.58) ns 14.77 (3.96) 14.87 (3.82) ns

HRV EM 33.70 (16.23) 39.40 (16.77) ** 34.03 (13.88) 34.39 (13.40) ns
No EM 47.06 (30.80) 50.19 (24.12) ns 39.17 (21.44) 38.32 (14.56) ns

Note: Statistical comparison used paired t-tests. *sig. at .05, **sig. at .01, ***sig at .001, ns =
a BL30 indicates the 30 s baseline measurement period immediately pre or post treatm
b EM 1-3 indicates the measurement period where the mean of physiological variables

Fig. 3. Mean respiration rate of each condition prior to and during eye movements
of the first and last three sets of each session. Error bars represent SEM.

F
fi

a
i
s
t
t

sets (M = 1.29, SD = 1.15) compared to the last three sets (M = 1.51,
ig. 4. Mean heart rate of each condition prior to and during eye movements of the
rst and last three sets of each session. Error bars represent SEM.

significant increase in HRV, together indicating decreased phys-

ological arousal and increased parasympathetic activity during
timulation. Although HRV also increased from pre-stimulation to
he start of the stimulation period in the no-EM condition, none of
he changes in HRV were significant.
not significant.
ent.
were calculated within the first and last 3 sets of the treatment session.

Also indicating decreased arousal, SC during stimulation
showed a pattern of significant decline both in the EM and no-
EM conditions. Although the overall time by condition interaction
was non-significant for SC, it is interesting to note that the aver-
age SC responses for participants in the EM conditions did not
change significantly from pre-stimulation to the first 10 s of the
set, whereas in the no-EM condition the decrease in SC was signif-
icant. Visual inspection of the data indicated that there were short
bursts of increased SC within the first 10 s of stimulation sets. One
of the main hypotheses about the working mechanisms of EMDR
is that dual-attention stimulation created by eye movements in
EMDR causes de-arousal by eliciting an OR (Elofsson et al., 2008;
Sack et al., 2008). The spikes in SC within the first 10 s of stimu-
lation indicate the presence of an OR, and thus warranted further
examination.

3.5. Skin conductance responses in EMDR: Examining the
presence of an orienting response

3.5.1. The number of skin conductance responses
For each participant the SCRs were examined in the first and

last three stimulation sets. Based on orienting response theory
(Sokolov, 1963), and the knowledge that habituation is a hallmark
distinguishing feature of the OR (Zimmer, 2006), if the spikes iden-
tified in the SC data represent the presence of an OR it is assumed
that as the novel stimulus (the eye movements) continued, habit-
uation to the EMs would occur across the treatment session and
within each stimulation set. Thus, if the spikes in SC represent an
orienting response there would be more SCRs at the beginning of
the session than the end. This was found to be the case for the EM
condition, but not for the no-EM condition. To compare the num-
ber of SCRs that occurred in the EM and no-EM conditions within
the first 3 sets compared to the last 3 sets, a repeated measures
ANOVA was used. Results indicated a non-significant effect of time,
F1, 60 = 1.19, p = .28, �2

p = .02, and a time by condition interaction
that approached significance, F1, 60 = 3.73, p = .058, �2

p = .06. When
comparing the number of SCRs in the first 3 sets to the last 3 sets
of the session it was found that for the EM conditions combined
the number of SCRs decreased significantly from an average of 2.19
(SD = 2.23) responses per minute to 1.41 (SD = 1.36) responses per
minute, t41 = 2.41, p = .02, d = .75. For the no-EM condition there was
no significant difference in the number of SCRs within the first three
SD = 1.55) of the session, t19 = −.70, p = .49.
If the SCRs represent the presence of an orienting response then

the number of responses should also decrease within sets as par-
ticipants habituate to the ongoing presence of the eye movement
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stimulus. To examine this, number of SCRs per 10 s was calculated
for each measurement period (i.e. the beginning, middle, and end
of each set) within the first three sets of EMDR for both the EM
and no-EM condition. The ANOVA revealed a significant effect of
time, F2, 120 = 29.52, p < .0005, �2

p = .33, and a significant time by
condition interaction, F2, 120 = 4.61, p = .012, �2

p = .07.
Post hoc analysis using independent t-tests revealed that as pre-

dicted, there were significantly more SCRs in the EM conditions
(M = 0.68, SD = 0.66) than the no-EM condition (M = 0.37, SD = 0.36)
within the first 10 s of the set, t58.90 = 2.38, p = .01, d = .62 (one-
tailed). There continued to be significantly more SCRs throughout
the middle of the set for the EM conditions (M = 0.23, SD = 0.26)
than the no-EM condition (M = 0.08, SD = 0.09), t56.17 = 3.37, p = .001,
d = .90. As participants habituated to the novel eye movement stim-
ulus, the spikes in SCR within the last 10 s of the set dropped in the
EM condition (M = 0.19, SD = .30) to be no different from the number
seen in the no-EM condition (M = .20, SD = .25), t60 = −0.12, p = .90.
Post hoc analysis using paired-t-tests also revealed that the num-
ber of SCRs decreased significantly from the start to the end of the
set for both the EM, t41 = 6.08, p < .0005, d = 1.90, and the no-EM,
t19 = 2.36, p = .029, d = 1.08, conditions.

3.5.2. The amplitude of skin conductance responses
If the spiked SCRs represent the presence of an OR, the ampli-

tude of the SCRs should also decrease across the session and within
stimulation sets (Sokolov, 1963). To investigate this, the amplitude
of SCRs in the EM and no-EM conditions was compared in the first
and last 3 sets. Results indicated a non-significant effect of time,
F1, 60 = .001, p = .97, �2

p = .00, and a non-significant interaction, F1,

60 = 1.20, p = .28, �2
p = .02. The size of the SCRs did not change sig-

nificantly for the EM conditions from the first three sets (M = .11,
SD = .12) to the last three sets (M = .09, SD = .12) of the session,
t41 = 1.03, p = .33, d = .32. In the no-EM condition there was a non-
significant increase in the size of the SCRs from the start (M = .09,
SD = .12) to the end (M = .11, SD = .14) of the session, t19 = −0.60,
p = .55, d = .28.

To further determine whether the amplitude of the SCRs
decreased within stimulation periods the average size of the SCRs
for each measurement period (i.e. the beginning, middle, and end
of each set) was compared within the first three sets of each EMDR
session for both conditions. The ANOVA revealed a significant effect
of time, F2, 120 = 4.54, p = .01, �2

p = .07, and a significant time by con-
dition interaction, F2, 120 = 3.88, p = .02, �2

p = .06. Post hoc analysis
using independent t-tests indicated that the size of the SCRs were
similar in the EM and the no-EM conditions at the start (EM: M = .18,
SD = .19; no-EM: M = .11, SD = .15), t60 = −1.38, p = .17, middle (EM:
M = .12, SD = .16; no-EM: M = .06, SD = .08), t59.93 = −1.44, p = .08,
and end of the set (EM: M = .04, SD = .08; no-EM: M = .10, SD = .27),
t20.58 = 1.00, p = .33. However, post hoc analysis using paired t-tests
revealed that the amplitude of the SCRs decreased significantly
from the start to the end of the set for the EM conditions, t41 = 5.19,
p < .0005, d = 1.62, but the change in SCR amplitude in the no-EM
condition was non-significant, t19 = .15, p = .88, d = .07.

4. Discussion

This study was designed to examine effectiveness and psy-
chophysiological correlates of different dual-attention tasks used
in EMDR. The study is unique as it used a single EMDR session, with
either fixed or varied rate EMs, and compared results to a no-EM

control, thus allowing for changes to be attributed to the effects
of the eye movement component in EMDR. We found that a single
EMDR session was effective at reducing the distress associated with
negative autobiographical memories. We also found that the EM
component in EMDR was beneficial, and was coupled with distinct
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sychophysiological changes that may aid in processing negative
emories.
As hypothesized, when EMs were used in EMDR there was a

reater reduction in distress associated with negative memories
han when EMs were omitted from the procedure. In this study
o difference in effectiveness was seen when either fixed or var-

ed rate EMs were used in EMDR. This research demonstrated that
MDR is associated with significant physiological dearousal within
reatment. This study also established that the EMs in EMDR are
ccompanied by a number of physiological changes: HR decreased
ignificantly at the onset of the EMs; SC decreased during EM sets;
RV increased significantly; RR increased during EM sets; and ori-
nting responses were more frequent in the EM conditions than in
he no-EM condition at the start of exposure.

.1. The effects of eye movements vs. no eye movements in EMDR

The finding that a single session of EMDR-with EMs reduced self-
eported distress associated with negative memories is consistent
ith Shapiro’s (1989) initial findings that introduced the proce-
ure. Current results also support findings by Wilson et al. (1996)
nd Lee and Drummond (2008) who found that a single session
f EMDR-with EMs leads to greater reductions in SUDs associated
ith distressing memories than EMDR-without EMs, and this effect
as maintained at follow-up.

While several other treatment studies have compared EMDR-
ith EMs to EMDR-without EMs and found noticeable differences

n within-session SUDs decreases (i.e. Boudewyns, Stwertka, &
yer, 1993; Montgomery & Ayllon, 1994), findings of several

tudies contradict ours by demonstrating that EMDR-with or -
ithout eye movements leads to significant positive, but equivalent

reatment effects (Pitman et al., 1996; Renfrey & Spates, 1994;
anderson & Carpenter, 1992). To date, research that has com-
ared EMDR-with EMs to EMDR-without EMs has been difficult
o interpret due to methodological issues. For example, Sanderson
nd Carpenter (1992) used a simplified version of the EMD proce-
ure that removed cognitive aspects of the treatment, and asked
articipants to remain focused on the feared image. The ther-
py integrity level in Pitman et al. (1996) was low to moderately
cceptable, and their no-EM condition had the therapist still admin-
ster hand movements while participants’ eyes were open but
xed, and simultaneously engage in a tapping task. Similarly,
ther studies have replaced the EMs in no-EM analogue conditions
ith alternative dual-attention tasks, rather than simply includ-

ng a comparison eyes closed, exposure only control. In addition,
esearch has often used small sample sizes, and treatment dose has
aried between conditions (i.e. Renfrey & Spates, 1994).

Whilst our findings of greater reductions in distress following
MDR-with EMs compared to EMDR-without EMs is consistent
ith some, but not all treatment studies, our findings are consis-

ent with analogue studies that have examined the effects of only
to 96 s of eye movement on negative autographical memories

f non-clinical participants. Greater reductions in distress for EM
ver no-EM conditions have been consistently found (Andrade et
l., 1997; Barrowcliff et al., 2004; Kavanagh et al., 2001; van den
out et al., 2001; Kemps & Tiggermann, 2007). These non-clinical

tudies also often reported that thinking of a negative memory
nd engaging in EMs led to significantly greater reductions in the
ividness of memories than exposure with no-EMs. Recently, Lilley,
ndrade, Turpin, Sabin-Farrell, and Holmes (2010) have replicated
nd extended the findings of analogue studies as they demon-

trated that EMs, compared to no-EMs or a verbal task, reduced the
istress and vividness of trauma images from a clinical population
f PTSD patients awaiting treatment.

The rapid reduction of distress and vividness associated with
egative memories using EMDR has also been noted by researchers
ty Disorders 25 (2011) 1–11

who have used a single EMDR session to treat PTSD (Rogers et al.,
1999). Despite EMDR being an effective intervention for rapidly
reducing the intensity of negative memories, and that EMs appear
to add to this effect, what remains unclear is what type of EMs
work best in EMDR. This study showed no significant difference
in effectiveness when the therapist used fixed or varied EMs. The
only other research that has compared the effects of EMs of dif-
ferent rates on memory processing was by Maxfield et al. (2008).
They found that compared to no-EMs, slow and fast EMs led to sig-
nificantly decreased ratings of memory vividness and emotionality,
and fast-EMs led to greater decreases than slow-EMs. Maxfield et
al. (2008) concluded that her findings support the working memory
model of EMDR. She argued that fast EMs are more difficult to per-
form and more taxing on the visual spatial sketchpad component of
working memory. Further research is needed to examine why cer-
tain types of EMs, or other bilateral tasks, lead to different effects on
memory processing. As yet, no study has measured how much dual-
attention tasks in EMDR tax working memory, or to what degree
certain tasks generate ORs. Research has also shown that saccadic
EMs have greater effects on memory processing over smooth pur-
suit EMs (Christman et al., 2003), but research is yet to examine
to what extent different EM tasks create saccadic movements dur-
ing EMDR. Future research should also examine how much these
aspects of dual-attention tasks relate to EMDR treatment outcome.

4.2. The physiological effects of EMDR and correlates of the EM
component within sessions

Evident from this research is that EMDR is associated with sig-
nificant dearousal within sessions, and that the EM component
in EMDR evokes physiological changes that may aid in process-
ing negative memories. This study demonstrated that EMDR led to
dearousal from before to after treatment on all physiological vari-
ables examined (HR, HRV, SC, and RR), and the reductions in HR and
RR were greater for the EM compared to the no-EM condition. Thus,
the findings support previous research (Aubert-Khalfa et al., 2008;
Sack et al., 2007; Wilson et al., 1996) that reported physiological
dearousal within EMDR sessions.

Surprisingly, empirical research that has examined the pro-
cesses that occur during treatment of PTSD patients is scarce. This
study demonstrates that onset of the EM component was associ-
ated with an immediate decrease in HR during EMDR treatment in
a non-clinical sample. This was also observed by Sack et al. (2008)
and Elofsson et al. (2008) who used EMDR to treat PTSD patients.
However, these findings extend those of past research, as it can be
concluded that the decrease in HR is a distinct feature of the EMs
because in the no-EM condition HR did not decrease significantly at
the onset of exposure sets. In this study, HR continued to decrease
slightly across the set when EMs were used, then increased slightly
towards the end of the set. This is also in accordance with past
findings (Elofsson et al., 2008; Sack et al., 2008). Like Elofsson and
Sack, we attribute the changes in HR at the beginning of EM sets as
concomitants of an orienting response (Obrist, 1981; Öhman et al.,
2000; McCulloch and Feldman, 1996).

Consistent with an OR, the dearousal at the onset of the EMs,
as indicated by reduced HR, was coupled with an increase in HRV,
which for both EM and no-EM conditions continued to rise, indi-
cating an increase in parasympathetic tone within EM/exposure
sets. In an orienting response SC should increase but habituate
quickly. In this study SC decreased from the start to the end
of EM/exposure sets for both conditions. Although there was no

significant interaction between the EM and no-EM conditions in
relation to SC changes, an interesting difference was that within
the first 10 s of the set the decrease in SC in the EM condition was
non-significant and less than the significant decrease in the no-
EM condition. Also, within the SC data, short, sharp increases of
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C that resolved quickly were recorded. The OR is characterized
y short increases in SC that habituate quickly, while simulta-
eously sympathetic activity decreases (reflected by decreased
R) and parasympathetic tone increases (reflected by increased
RV). This was seen in our data; however, if the observed bursts

n SC were ORs, then, according to OR theory (Sokolov, 1963;
immer, 2006) the number and amplitude of the SCRs should
abituate both across the EMDR session and within EM/exposure
ets.

We found that the number of SCRs decreased significantly from
he start to the end of EMDR sessions for the EM condition, but not
or the no-EM condition. Also at the start of treatment the number
f SCRs was greater at the beginning of sets for the EM compared
o the no-EM condition, but by the end of the sets the number of
CRs decreased in the EM condition to be the same as in the no-EM
ondition. In addition, at the start of treatment the amplitude
f the SCRs decreased significantly within the stimulation sets
nly for the EM condition. This pattern of response is consistent
ith habituation to the eye movement stimulus both across the

reatment session and within each stimulation set. However,
ontrary to OR theory, the amplitude of the SCRs did not decrease
ignificantly from the start to the end of treatment for the EM
ondition. Although SC is the most sensitive and commonly used
easure of the OR, the low novelty value of the EMs may not have

reated ORs large enough to allow for the detection of changes in
CR amplitude across the session.

Reduction seen in the number of SCRs within EM sets and EMDR
essions indicates the presence of ORs. However, as this is the first
tudy to examine the number and amplitude of SCRs during EMDR,
urther investigation of SC activity is required. It is important for
uture research to examine specific changes in SC as opposed to
ust examining mean SC responses during measurement periods of
nterest within EMDR sessions, as mean SC responses do not pro-
ide information about the presence of brief orienting responses
nd the role that they may play in the EMDR process.

In this study and past EMDR treatment studies (Sack et al., 2008;
lofsson et al., 2008), the physiological changes associated with
Ms were consistent with the presence of a relaxation response.
t the onset of EMs there was a clear decrease in sympathetic

ndices and an increase in parasympathetic tone. However, in con-
rast to the other physiological trends, the EMs were also associated
ith an increase in RR. In this study the increase in RR was not

ignificant within the first 10 s of the EMs, but RR increased signif-
cantly by the end of EM sets. Increased RR is distinct to the EMs
n EMDR as when the EMs were omitted from the procedure RR
ecreased significantly at the onset of exposure sets, and remained
ignificantly lower than the pre-stimulation phase throughout the
xposure set.

The increase in RR associated with the EMs in EMDR remains
nexplained. Wilson et al. (1996, p. 224) noted that the “respi-
ation tracked and matched the rhythm of the eye movements
n a shallow regular pattern.” Sack et al. (2008) argued that the
hysiological correlates of the EMs were a result of a biphasic
eaction in which an OR was first dominant but during ongoing
xposure a stress-related psychophysiological response emerged.
ased on Stickgold’s (2002) theory of EMDR, Elofsson et al. (2008)
uggested that the increase in RR maybe the result of the EMDR
rocedure inducing a REM- like state, as the EMs in REM-sleep
re associated with rapid shallow breathing. Stickgold proposed
hat repeated EMs during EMDR creates constant redirecting of
ttention which evokes ORs and induces a neurobiological state

imilar to REM-sleep which facilitates memory processing. REM-
leep is a complex state without a well defined autonomic profile,
nd patients are awake in EMDR, thus it cannot be expected that
hysiological responses in EMDR be identical to those seen in
EM-sleep (Stickgold, 2002). In our data, the increase in RR may
ty Disorders 25 (2011) 1–11 9

represent the presence of an induced state similar to REM-sleep.
However, our SC data show a difference between pure REM-sleep
and EMDR as ORs were present and tended to show a pattern of
habituation. A consistent finding has been that ORs in electroder-
mal measures are rare during REM-sleep (Johnson & Lubin, 1967;
McDonald & Carpenter, 1975), and when they occur they do not
tend to habituate (Johnson & Lubin, 1967; Johnson, Townsend, &
Wilson, 1975).

EMDR is a complex therapy with a number of underlying
processes simultaneously at play. We argue that the psychophysi-
ological changes associated with the EMs in EMDR are primarily
the result of two overlapping yet distinct influences: first, an
OR as the EM component begins; and second, as the OR habitu-
ates to repeated EM stimulation the physiological profile becomes
mixed with a stress, or defense response due to continued expo-
sure to stressful memories. Like Sack and colleagues (2008) we
propose dual-attention tasks in EMDR create ORs and short-term
dearousal which may aid in the processing and integration of
trauma memories. Also, through the process of reciprocal inhibi-
tion, in which a relaxation response is paired with exposure to
distressing memories, negative appraisals of distressing memories
weaken, and avoidance of trauma memory processing decreases.
Eye movements, as a dual-attention task, may also reduce dis-
tress to a tolerable level and create a cognitive and physiological
state in which effective processing of trauma information can
occur. The relaxation response associated with EMs in EMDR is
clinically meaningful as it may serve to moderate arousal through-
out treatment sessions. Thus, EMDR may be particularly suitable
for patients who cannot tolerate the high stress associated with
exposure.

4.3. Limitations

This study compared EMDR-with EMs to EMDR-without EMs in
a non-clinical sample. The extent to which these findings apply to
a clinical population is yet to be tested. However, the physiolog-
ical changes seen during EMDR in this study were similar to the
changes seen in past EMDR treatment research with PTSD patients
(Elofsson et al., 2008; Sack et al., 2008; Wilson et al., 1996). A
further limitation was that the therapeutic procedures were admin-
istered by the researcher. However, measures were taken to assess
experimenter biases and treatment expectancies. No difference
was found between conditions in how much participants expected
the treatment to reduce the distress associated with their chosen
memory. Nor was there any difference in how confident partici-
pants perceived the therapist to be in the treatment they received.
In addition, reductions in physiological arousal corroborated reduc-
tions in self-reported distress.

Although research is now beginning to further explore the spe-
cific processes and the physiological changes that occur in EMDR,
research is yet to examine the physiological changes that occur
during treatment of PTSD patients with EMDR versus behavioral
exposure therapy. More research is also required to understand
the precise role of the EMs and other forms of dual-attention stim-
ulation used in EMDR. The physiological correlates of alternate
bilateral stimulation (i.e., tones and tapping) have yet to be exam-
ined, and further investigation is needed to ascertain why certain
dual-attention tasks are more effective than others.

Despite EMDR being an efficacious treatment for PTSD, and
research indicating that the EM component in EMDR is benefi-

cial, our understanding of the mechanisms that underlie effective
therapy remains incomplete. An understanding of treatment mech-
anisms that underlie EMDR may lead to refinements in the
therapeutic procedure, and also enhance our understanding of pro-
cesses involved in development and resolution of trauma.
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