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Significance statement
In this single-case MEG pilot study, an Emotional Freedom Technique (EFT) intervention produced
regulation of brain regions exhibiting treatment effects in response to conventional psychotherapy and
medication. The neural correlates of the threat response were attenuated, and heightened activation of
brain frontal executive regions mediating limbic responses appraisal to stressful stimuli was recorded.
These pilot results are consistent with the literature indicating that EFT is an evidence-based treatment
for phobias. They provide for the first time knowledge regarding the neurophysiological mechanisms
underlying the treatment effects. This study pioneers the methodology required to conduct randomized
controlled trials.

Abstract
Aim: Over 100 studies and meta-analyses of Emotional Freedom Techniques (EFT) demonstrate it to
be an evidence-based treatment for anxiety, depression, and PTSD. EFT combines elements of common
treatments such as exposure and cognitive therapy with the novel ingredient of acupressure. This study
used magnetoencephalography (MEG) to measure brain activity in a subject with a severe fear of flying.
Materials and Methods: Before and after treatment and at 4 week follow-up, the participant was
presented with both visual images and personal memories that evoked her phobia. These were compared
with emotionally neutral controls. Psychometric measures included the Subjective Units of Distress (SUD)
scale and Flight-Anxiety Situations questionnaire (FAS). Posttest SUD and FAS scores were reduced
compared to the pretest, though gains were maintained on follow-up for SUD scores only.
Results: MEG data revealed an event-related beta desynchronization (15-30 Hz) during all experimental
sessions and conditions. A linear regression analysis showed that heightened activation of a fronto-occipital
cortical and cortico-cerebellar network predicted SUD scores. The results are consistent with those found
in medication and psychotherapy studies of phobias and anxiety. EFT increased the ability to engage
brain’s frontal executive regions mediating limbic responses appraisal to stressful stimuli. EFT also
downregulated the activity of limbic and cerebellar regions implicated in the fear response.
Conclusion: This study pioneers the methodology required to conduct randomized controlled trials with
robust experimental designs, and identifies brain areas that are targets of interest for future research.

Keywords: Anxiety disorders· Emotional freedom techniques· Functional brain
imaging·
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Introduction

Over the course of the last three decades, energy
psychology has become a fully-fledged domain
within the psychological sciences. Feinstein et al.
(28) described energy psychology as: “Physical
and cognitive procedures designed to bring about
therapeutic shifts in targeted emotions, cognitions,
and behaviors”, p. 199, adapted from (30).

Energy psychology techniques encompass a wide
range of holistic therapies and are used to treat a
wide range of mental disorders. These techniques
are assumed to tap into the interdependent rela-
tionships between the mind, body and spirit (63).
In clinical practice, energy psychology techniques
usually have the client focus on an emotional issue
or memory while the intervention is performed.
The treatment varies depending on the type of
energy psychology technique selected by the prac-
titioner (45). The most commonly-used method
is called “Emotional Freedom Techniques” (EFT)
and it combines elements of cognitive and expo-
sure therapies with acupressure applied to certain
meridian points identified in Oriental Medicine. It
is described in a manual which has been used for
research and training since the inception of the
method (EFT; (12; 18)). It uses fingertip stim-
ulation of acupuncture meridian end points by
having the client tap on them while maintaining
mental focus on a stress-inducing stimulus.
In Oriental medicine, acupuncture meridians

are believed to regulate the energy flows of the
body, hence the term “energy” psychology (25; 27).
The inclusion of such techniques introduces the-
oretical assumptions that are intrinsically dis-
tinct from that of conventional psychotherapies as
well as the Western biomedical model (26; 27).
These therapies have drawn vehement opposi-
tion from critics and characterized as “possible
threats to the science of psychiatry and psychol-
ogy” (21; 49; 62). Studies show that opposition to
new therapies is usually successful, with only 2 out
of 10 empirically demonstrated treatments ever
reaching patients, while implementation takes an
average of 17 years (13).
Despite these obstacles, the use of EFT has

grown exponentially over the past two decades.
A study critical of energy psychology surveyed
therapists through Listservs such as Acceptance
and Commitment Therapy, the Society for the
Science of Clinical Psychology, and the Associa-
tion of Behavioral and Cognitive Therapies, and
found 42 were employing these techniques (31).
Analysis of Internet traffic shows that over 3 mil-
lion people visit the 5 most popular EFT web
sites each month (11). Despite calls from crit-
ics that research be halted (5), over 100 stud-
ies of EFT now appear in the literature (Re-

search.EFTuniverse.com). Meta-analyses show
EFT to produce large treatment effects for anxi-
ety, depression and post-traumatic stress disorder
(PTSD) (for meta-analyses of randomized and
non-randomized trials, see (16; 51; 69). Treat-
ment is typically accomplished in attenuated time
frames, ranging from one session for phobias to
ten sessions for PTSD (11). In some studies, fewer
than five sessions are required to remediate PTSD
(36; 43). The energy psychology field has had its
own journal for over 10 years and a dedicated
professional organization for 20.
While most early studies of EFT used psycho-

logical assessments, recent research increasingly
employs objective biological measures. In a pio-
neering triple-blind randomized controlled trial,
Church, Yount, and Brooks (14) measured both
psychological distress and salivary cortisol levels
in 83 subjects receiving either EFT, conventional
psychotherapy, or rest. After an hourlong ses-
sion, the decrease in psychological distress scores
was more than twice as great in the EFT group.
This was accompanied by a significant reduction
in cortisol, as well as a statistically significant
interaction between biomarkers and psychological
distress. The same team then examined gene ex-
pression in veterans with PTSD, and found that
as psychological symptoms improved, genes associ-
ated with immunity and inflammation were regu-
lated (15). Baseline cortisol declined significantly
by 34% after a weeklong EFT workshop, while
salivary immunoglobulin A increased by 131% (3).
These hormonal changes were accompanied by
declines in resting heart rate and blood pressure.
A study of the effect of a one-hour psychother-
apy session found that EFT upregulated 72 genes
(47). These included genes associated with many
beneficial physiological processes, including the
suppression of cancer tumors, regulation of in-
sulin resistance, immunity from opportunistic in-
fections, antiviral activity, synaptic connectivity
between neurons, enhancement of male fertility,
regenerating white matter in the cerebral cortex,
metabolic regulation, neural plasticity, reinforce-
ment of cell membranes, and the reduction of
oxidative stress.
As yet there has been little research on the

effects of EFT treatment on brain function. This
type of research is important because reviews show
associations between psychological disorders and
abnormal patterns of cerebral processing (23; 42;
48; 64).

In this study, we sought to elucidate the mech-
anisms of action of EFT as evidenced through
brain imaging. The target condition was phobias,
a prevalent anxiety disorder (10; 71). Phobia
is an anxiety-related mental disorder defined as:
“Excessive fear and (...) conscious avoidance of
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phobic stimuli”, (42) , p. 311. Phobias are par-
ticularly appropriate to study because of the very
brief treatment time frames involved when using
EFT. Studies show that (a) phobias are typically
resolved in a single session; that (b) treatment
takes less than an hour, and that (c) treatment
effects are maintained over the course of time.

The first such study was performed by Wells
et al. (81) and investigated the efficacy of EFT
for treating phobias of small animals (e.g., spi-
ders, mice, rats and cockroaches). After an in-
tervention lasting 30 minutes, participants from
the EFT group exhibited an increased capacity
to approach the animal. Salas et al. (67) repli-
cated and extended the Wells et al. (81) study
using a crossover design. Baker and Siegel (6)
performed a separate replication that was care-
fully designed to control for influences that might
have confounded the Wells et al. (81) study such
as expectancy effects and therapeutic allegiance.
After controlling for these further variables, they
concluded that the observed effects were due to
the treatment and not to experimental artifacts.

Phobic disorders are associated with abnormal
patterns of cerebral processing. In a meta-analysis,
Ipser et al. (42) reported increased activation of
subcortical structures including the amygdala, the
thalamus, the insula and the cerebellum in phobic
patients when facing stimuli such as images of the
feared object. Taking a similar approach, Duval et
al. (23) underlined an increased pattern of activity
in brain structures processing emotional responses
in phobic patients (i.e., the amygdala, the stria-
tum, the insula and the dorsal anterior cingulate
cortex), and, concomitantly, decreased activation
in brain structures involved in regulatory behav-
iors (i.e., the medial and dorsolateral prefrontal
cortex, the hippocampus and the rostral anterior
cingulate cortex). Treatment interventions such
as medication and psychotherapy were associated
with changes in these regions (42; 23).

The fear of flying is a common phobia, and
one often treated using EFT. Flying-related anx-
iety disorders have a high prevalence, affecting
between 10 and 40% of the population in industri-
alized countries such as Norway and the United
States (20; 24). The present study is the first to
use magnetoencephalography (MEG) to examine
brain activity before and after an EFT interven-
tion. It examined function in all areas of the
brain of a participant with a long-term and severe
fear of flying. Her brain activity was monitored
before and after exposure to emotionally laden
phobic triggers, and again on follow-up. These
were correlated with psychological tests.

Methods
Participants
The sole participant was a 30 year-old woman with
no history of psychiatric or neurologic disorders.
She had suffered from a severe phobia of flying
for as long she could remember. The diagnosis
of flight phobia was established using the Sub-
jective Units of Distress (SUD) scale (83). The
SUD measure consists of a Likert rating ranging
from 0 (“No anxiety/distress, totally relaxed”) to
10 (“Highest anxiety/distress that you have ever
felt”). A score of >8 is considered phobic, and
has been used as an inclusion criterion in previous
research (e.g., 67). The participant’s SUD score
was 9 (i.e., “Extremely anxious/distressed”), and
she was not able to travel by airplane at the time
of the study. Ethical approval was granted by
the local ethics committee, and the participant
signed a written informed consent in agreements
with the statements of the Declaration of Helsinki
(2013).

Experimental design
We implemented a test-retest design with a follow-
up. Each experimental session involved i) a psy-
chometric assessment of flight phobia, and ii)
MEG recordings of brain activity while process-
ing endogenous and exogenous stimuli selected for
their potential to elicit flight phobia. The pretest
and the posttest were administered before and
after an EFT intervention of 30 minutes, while
the follow-up test was administered 4 weeks after
the posttest (Figure 1A). The EFT intervention
was delivered by an independent EFT therapist
trained and certified in clinical EFT (11). The
participant viewed images and spoke verbal state-
ments both designed to elicit fear of flying.

Experimental sessions
Psychometric assessment of flight phobia.
Both the pretest and posttest MEG recordings
were preceded by a psychometric assessment of
flight phobia. We used the Flight Anxiety Situa-
tion (FAS) questionnaire (79). The FAS assesses
anxiety in three dimensions, i) “Anticipatory Anx-
iety” (14 items, e.g., “The takeoff is announced”),
ii) “In-flight Anxiety” (11 items, e.g., “You hear
some noises during the flight”), and iii) “General-
ized Flight Anxiety scale” (7 items, e.g., “Friends
tell you about a flight”). For each item of the
three subscales, participants provide a subjective
rating on a Likert scale ranging from 1 (“No anxi-
ety”) to 5 (“Overwhelming anxiety”). The inter-
nal consistency of the FAS is good to excellent
with Cronbach’s alphas ranging from 0.88 to 0.97.
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Figure 1: A: Experimental design and experimental measures. B: Timeline of a trial for each experi-
mental condition of the MEG paradigm. FAS: Flight Anxiety Situations questionnaire, MEG:
Magnetoencephalography, SUDS: Subjective Units of Distress Scale, EFT: Emotional Freedom
Techniques.

The test-retest reliability of the FAS is also excel-
lent, with Pearson’s product-moment correlation
coefficients ranging from 0.90 to 0.92 (79).

Magnetoencephalography design. During each
experimental session, MEG recordings were taken
immediately after the psychometric assessment of
flight phobia.
Selection of flight-related pictures. Images and

events designed to elicit flight phobia were prese-
lected one week before the first MEG recording ses-
sion. On a monitor, the participant viewed thirty-
two images of flight-related situations. They in-
cluded i) planes landing at an airport, ii) the inside
and outside of a plane during various phases of
flight such as takeoff and landing, and iii) flight
incidents and accidents such as fires, collisions
and crashes. For each picture, the participant pro-
vided a SUD rating. The four pictures yielding
the highest SUD ratings were selected as visual
stimuli for the exogenous component of the MEG
examination.
Selection of flight-related events. We used a 20

minute structured interview to identify participant
memories related to flight phobia. Four specific
situations in which the participant experienced
the highest level of emotional triggering were iden-
tified. These were i) the sense of a loss of control
during the takeoff phase of flight, ii) the occur-

rence of unexpected events during a flight such
as turbulence and the vibration of an aircraft’s
wings, iii) the ground dropping away during take-
off, and iv) an expectation that the plane would
crash after takeoff. These self-identified situations
were selected for the endogenous component of
the MEG examination.

Magnetoencephalography recordings. MEG
recordings were performed using a CTF-MEG
system (CERMEP, France), with 275 axial gra-
diometers over the scalp and 29 reference chan-
nels for ambient field correction. MEG signals
were low-pass filtered (0-150 Hz) and digitalized
at a sampling rate of 600 Hz. Head position
was continuously recorded, using three head coils
placed on the nasion and pre-auricular points
prior to scanning. Brain MRI for co-registration
with MEG data was performed using a 1.5T
Siemens Magnetom scanner (CERMEP, France
- Siemens AG, Erlangen, Germany), and com-
puted using 3-dimentional T1-weighted images
encompassing the volume of the entire brain with
1-mm3 cubic voxels (TR: 9.7 ms, TE: 4 ms). Ex-
traction and projection of the anatomy of dis-
crete cortical regions using the Montreal Neuro-
logic Institute (MNI) template were performed
using the Freesurfer (http://freesurfer.net/)
and Brainstorm (74) software packages (http:
//neuroimage.usc.edu/brainstorm).
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Magnetoencephalography conditions. The MEG
examination consisted of three experimental con-
ditions. During the first experimental condition,
the flight-related pictures that produced the high-
est levels of fear on the SUD scale were displayed
on a monitor for 5 seconds. This experimental con-
dition was expected to trigger a phobic response
based on an external visual stimulus (the exoge-
nous condition). During the second experimental
condition, words related to the participant’s pho-
bic memories such as “takeoff” and “crash” were
displayed on the monitor. The participant was
asked to mentally recall the emotional context as-
sociated with the word for 10 seconds. Such recall
has been observed to evoke the emotions experi-
enced during an anxiety-producing situation (41),
and was expected to generate a phobic response
(the endogenous condition). During the third ex-
perimental condition, we displayed emotionally
neutral pictures extracted from the International
Affective Picture System (IAPS) database for 5
seconds each (44). This was expected to control
for the emotional response and presence of affer-
ent visual information (the control condition). A
baseline of 5 seconds preceded each trial, during
which a white cross mark was displayed on the
monitor screen. For each experimental condition,
the participant provided a SUD rating by pressing
a button on a control pad during a 3 second time
window (Figure 1B). The control pad used a 4
point Likert scale ranging from 1: “No anxiety”
to 4: “Overwhelming anxiety”. The MEG cap-
tured data from 2 blocks of 20 consecutive trials
for each experimental condition, presented in a
randomized order, for a total of 40 trials for each
experimental condition (Figure 1B).

Dependent variables
Flight Anxiety Situations scores. We collected
FAS scores for “Anticipatory anxiety” (possible
score range = 14-70), “In-flight anxiety” (items 11-
55) and “Generalized flight anxiety” (items 7-35)
during the pretest and posttest.

Magnetoencephalography data. Sensor-level
analysis. Time-frequency power distributions (0-
60 Hz, Morlet wavelets) were normalized with
reference to a baseline of 5 seconds (Z-score). The
normalized time-frequency maps were then aver-
aged across sensors and trials for each experimen-
tal condition. Using a threshold of |Z| > 2 (p <
0.05), we estimated the time-frequency windows
corresponding to the event-related characteristics
of brain rhythms elicited under each experimen-
tal condition. Event related desynchronization
(ERD) is typically associated with neural activa-
tion whereas event-related synchronization (ERS)

is associated with neural inhibition and/or resting
states (52; 58; 59).
Source analysis. Source reconstruction was ob-

tained by applying a minimum norm inverse so-
lution to the MEG gradiometer signals (4). The
dipole orientation was optimized for the recon-
struction of cortical and subcortical activity using
the “Deep Brain Analysis” feature of the Brain-
storm software (1; 2; 74). The minimum norm in-
verse solution yielded estimates of the time course
of cerebral activations at each of the 15 000 nodes
of the participant’s tessellation. A control win-
dow (5 seconds) provided a baseline prior to the
stimulus provided by the exogenous, endogenous
and control conditions. The active time window
for each measurement was established after the
onset of stimulus. The duration of each active
time window corresponded to the duration of the
ERD or ERS as revealed by sensor-level analy-
sis. We calculated the Power Spectrum Density
(PSD) for each source in the active and control
time windows, using Welch’s method with a 50%
overlap (window length = 1 second). The PSD
frequency range was adjusted to fit the frequency
range of the ERD or ERS provided by the sensor-
level analysis. As index of ERD/ERS amplitudes,
we calculated a normalized difference between the
active and control PSD:

PSDNorm =
(PSD(Control time window) − PSD(Active time window))
(PSD(Controltimewindow) + PSD(Activetimewindow))

We set the threshold for PSDNorm at 5%, and
analyzed sequences exhibiting a value > 5%.
Regression analysis. For each experimental con-

dition, we used a random-coefficient regression
model that controlled for pretest or posttest SUD
ratings by PSDNorm calculated during the source-
level analysis (1-level linear mixed effects analysis).
This analysis was performed at each of the 15 000
nodes of the participants’ tessellation. This re-
vealed brain sites at which the task-related ERD
or ERS amplitudes correlated with SUD ratings
in the three experimental conditions.

Statistical analysis
We used R (76) and (8) to run a linear mixed
effects analysis of the FAS scores and SUD
ratings recorded throughout the repeated mea-
sures design. For FAS scores, we used TEST
(Pretest, Posttest, and Follow-up)
and DIMENSION (General anxiety, An-
ticipatory anxiety, and In-flight
anxiety) as fixed effects. As random effect,
we used a by-item random intercept. For the
MEG SUD ratings, we used TEST (Pretest,
Posttest and Follow-up) and CONDI-
TION (Endogenous, Exogenous and
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Control) as fixed effects with a by-item ran-
dom intercept corresponding to the picture/event
of each trial. Visual inspection of residual plots
did not reveal any obvious deviations from ho-
moscedasticity or normality. We reported effect
sizes in terms of proportion of variance explained
by the linear mixed effects model according to
the Ω2

0 method (84). The statistical significance
threshold was set for a type 1 error rate of 5%.
We used contrast tests (least square means differ-
ence) for post-hoc investigations and applied the
Benjamini-Hochberg step-up procedure to control
the false discovery rate (9).

Results
FAS scores
The linear mixed effects analysis performed on
FAS scores revealed a TEST * DIMENSION in-
teraction (F(4,64)=3.63, p < 0.01, Ω2

0 = 0.84).
The Anticipatory anxiety scores at
Pretest (4.00 ± 0.00) were higher than those at
Posttest (2.86 ± 0.53) (p < 0.001). However,
there was no difference between Pretest and
Follow-up (3.93±0.27) scores (p=0.56), while
Posttest scores were lower than Follow-
up (p<0.001). Likewise, In-flight anxiety
scores dropped from Pretest (3.72 ± 0.47)
to Posttest (3.00 ± 0.77) (p < 0.001), but
there was no difference between Pretest and
Follow-up (3.72 ± 0.47) scores (p = 0.99)
(Figure 2A). Follow-up scores were higher
than Posttest (p < 0.001).
The General anxiety scores at

Pretest (2.86 ± 0.69) were higher than
Posttest (2.43 ± 0.43) (p < 0.05). However,
Follow-up (3.29 ± 0.49) scores were higher
than both Pretest and Posttest (p <
0.01 and p < 0.001, respectively).

MEG data
SUD ratings. The linear mixed effects analysis
performed on SUD ratings after each trial revealed
a TEST * CONDITION interaction (F(4,64) =
17.61, p < 0.001, Ω2

0 = 0.63). For the En-
dogenous condition, Pretest SUD ratings
(2.88±0.69) were higher than both Posttest
(2.10 ± 0.84) and Follow-up (1.80 ± 0.52)
(both p < 0.001). SUD ratings at Follow-
up were lower than Posttest (p<0.05). For
the Exogenous condition, Pretest SUD
ratings (2.85 ± 0.77) were higher than both
Posttest (1.88 ± 0.61) and Follow-up
(1.55 ± 0.50) (both p < 0.001). SUD ratings at
Follow-up were also lower than Posttest

(p<0.01) (Figure 2B). No difference was ob-
served between the Pretest (1.00 ± 0.00),
Posttest (1.00 ± 0.00) and Follow-up
(1.00 ± 0.00) SUD ratings for the Control
condition (all p > 0.05).

Sensor-level analysis. For each experimental
condition, we recorded ERD in the beta frequency
range (15-30 Hz) during Pretest, Posttest
and Follow-up. High amplitudes of high-
frequency beta are associated with anxiety and
fear. The ERD duration encompassed the 5 s
during which emotionally triggering stimuli were
presented to the participant during the Con-
trol and Exogenous conditions. The ERD
duration encompassed the 10 s of stimuli presen-
tation for the Endogenous condition. The
duration of active time windows for the MEG
source-level analysis were set up accordingly (see
Methods).

Source-level analysis. The primary sources for
high-amplitude beta ERD (15-30 Hz) were in the
cortex of the participant’s brain. No sources were
found in subcortical structures with the exception
of the posterior hippocampus during the posttest
for Endogenous stimulation (Figure 3).

During the Control condition, a consistent
pattern of primary sensorimotor and right oc-
cipital cortex involvement, respectively encom-
passing Brodmann areas (BA) 4, 6 and 18-19,
was recorded for each experimental session (i.e.,
Pretest, Posttest and Follow-up)
(Figure 3). For the Endogenous condi-
tion, the sources of beta ERD were bilaterally
distributed in the premotor and primary sensori-
motor cortex (BA 4, 6) during both Pretest
and the Posttest. Notably, cortical involve-
ment was restricted to the left sensorimotor cortex
(BA 4, 6) during follow-up. The distribution of
beta ERD in the premotor and primary sensori-
motor cortex (BA 4, 6) was comparable for the
exogenous condition across experimental sessions
(Figure 3). Additionally, beta ERD was also
present in the right posterior hippocampus during
the Pretest and the Posttest, but not
during the follow-up.

Relationship between beta PSDNorm (15-30
Hz) and SUD. During the Control condi-
tion, no PSDNorm predicted the SUD ratings. Con-
versely, during Endogenous, PSDNorm from
the bilateral frontal and occipital cortex, extend-
ing to the parietal cortex (BA 11, 39 and 18-19,
respectively) predicted SUD ratings (Figure 4).
Also, PSDNorm from the right premotor cortex was
associated with the observed variances in SUD rat-
ings. In subcortical structures, SUD ratings were
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Figure 2: A: Barplot of the TEST by DIMENSION interaction effect on FAS scores. B: Barplot of the
TEST by CONDITION interaction effect on SUD ratings provided after each trial of the MEG
paradigm. ***: p < 0.001, **: p < 0.01, NS: Not statistically significant difference.

predicted by the PSDNorm only from the right
cerebellum. During the exogenous condition, a
limited number of PSDNorm values predicted SUD
ratings in cortical structures. This was the case in
the left parietal (BA 7) and right premotor (BA
6) cortices, and bilaterally in the temporal (BA
38) cortex. In subcortical structures, PSDNorm
from the bilateral cerebellum, left hippocampus
and left amygdala sources predicted SUD (Figure
4).

Discussion

The present pilot study was designed to examine
the neuropsychological correlates of an EFT in-
tervention on flight phobia. Using a single-case
design, we used MEG neuroimaging to observe

brain function before and after exposure to phobic
triggers, with a four-week follow-up. We recorded
brain activity when the participant was exposed
to triggering memories (the endogenous condi-
tion), as well as to disturbing images viewed on
a computer monitor (the exogenous condition).
Overall, we observed beneficial effects in psycho-
metric measures of flight phobia after the EFT
intervention, as well as changes in the activity of
the fronto-occipital cortical network and cortico-
cerebellar network that are associated with the
extinction of fear. Subjective distress scores (SUD)
generally went down after EFT treatment, and
dropped further on follow-up. Self-report on the
FAS also indicated improvement but follow-up
revealed that the gains were not durable.
Like most other studies of EFT for phobias,

this study used a brief 30 minute intervention.
Posttest FAS scores were substantially reduced
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Figure 3: Beta PSDNorm (15-30 Hz) in the source-level, for each experimental session and each experimental
condition. Only PSDNorm attesting > 5% of relative difference between active and control time
windows are displayed on the map. LH: Left hemisphere, RH: Right hemisphere.

Figure 4: Chi-squared density maps resulting from the regresssion analysis controlling for the TEST
effect of SUD ratings by the beta PSDNorm (15-30 Hz), for each experimental condition. Chi-
squared values are displayed for a type 1 error rate of p < 0.05. The false discovery rate was
controlled using the Benjamini-Hochberg step-up procedure implemented in Brainstorm. LH:
Left hemisphere, RH: Right hemisphere.

for all dimensions, i.e., general anxiety, antici-
patory anxiety, and in-flight anxiety. Likewise,

posttest SUD ratings provided after each trial of
the endogenous and exogenous conditions were
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significantly reduced. General FAS and SUD rat-
ings attested to immediate beneficial effects cor-
responding to a decrease in fear of approximately
25%. FAS scores for both anticipatory anxiety
and in-flight anxiety returned to pretest values at
follow-up while general anxiety scores were higher.
The inverse effect was observed for SUD rat-

ings, which continued to decrease from posttest
to follow-up, at which point they dropped to ap-
proximately 50% of their pretest values. While
FAS and SUD data provided evidence of positive
treatment effects right after the EFT intervention,
FAS gains did not persist over time.

We speculate that there are several reasons for
this paradox. Flight phobia is a multi-dimensional
condition that contains a number of different com-
ponents (78; 82). The FAS questionnaire assesses
flight phobia using generic items. It is possible
that aspects of the fear of flying other than those
targeted by the EFT treatment emerged in the
participant’s psyche during the four weeks that
elapsed before follow-up. This suggests that the
phobic components treated during a single brief
session may not transfer to other untreated as-
pects of flight phobia. The process of selecting
images and words, in which only images and words
identified as triggering by the participant were se-
lected, may have been too specific to generalize the
stress-reduction effects to other aspects of flight
phobia assessed by the FAS. Also, the treatment
may have been too brief. While other studies
found that a single session was effective, the sever-
ity and long duration of the participant’s issue
might require a series of treatment sessions rather
than a single treatment. Other methods such as
cognitive behavioral therapy recommend 12 treat-
ment sessions for phobias (38). The participant
might have suffered from anxiety in other life ar-
eas as well, and without those being treated they
might have raised her general anxiety level in the
period between posttest and follow-up. Further
research can investigate these possibilities.
The source-level analysis of brain activity re-

vealed that the presentation of fear-producing
stimuli consistently engaged the brain motor net-
works during each experimental session and condi-
tion. ERD generators reflect the brain activation
related to the cognitive processes induced by the
stimulus, and not phase-locked activities evoked
by the stimulus presentation (19). During the
control condition, the four images selected from
the IAPS database were those of innocuous ob-
jects such as a wooden box, a spoon, a chair, and
a large basin. Presentation of pictures depicting
objects represents an input to the brain motor
networks (34; 77). Since the participant remained
motionless during the MEG recording, planning
physical interactions with the objects displayed on

the screen might have accounted for the activation
patterns recorded in BA 4 and 6 (34).
Contrasts in brain activation would therefore

not only reflect the emotional processing but also
attentional processes related to stimulus percep-
tion and encoding. In other words, differences
yielded by contrast analyses in functional brain
imaging may not systematically relate to the treat-
ment effects recorded at the psychological level.
To overcome this limitation, we implemented a
linear regression approach to investigate the rela-
tionship between brain activity and the psycho-
metric measures of psychological distress. This
enabled a statistical mapping of the brain net-
works predicting the psychological distress mea-
sures. This emphasized the brain sources exhibit-
ing a task-related activity corollary of the psycho-
metric recordings along the course of the repeated
measures of the design. At the same time, the
regression analysis removed task-related brain ac-
tivity that was not correlated with psychological
distress. For the endogenous condition, the regres-
sion analysis revealed a bilateral fronto-occipital
network extending to parietal brain regions. For
the exogenous condition, the regression analysis
revealed a bilateral temporo-cerebellar network
including the amygdala.
Interestingly, the regression analysis identified

changes in brain regions associated with treatment
efficacy in phobic disorders in other studies. For
the endogenous condition, the regression network
did not involve subcortical centers of autobio-
graphic memory, but rather fronto-occipital corti-
cal regions. A review of the literature found that
changes in frontal cortex activation are a neural
correlate of treatment efficacy in anxiety disor-
ders (for a review, see 23). In social anxiety and
PTSD, increased frontal activation is associated
with successful treatment (32; 55; 57; 56; 60; 75).
Basically, frontal regions play a major role in
both the regulation of negative emotions and the
process of cognitive appraisal (32; 80). Frontal
regions operate through neural pathways involv-
ing the subcortical centers that process the threat
response, specifically the amygdala (7; 50).
In this study, since the endogenous condition

required the recall of mental images, we did not
expect to find the occipital cortex serving as a reg-
ulator of psychological distress. Yet research into
social anxiety disorders shows that the activation
of the occipital region correlates with treatment
efficacy (22). This might suggest that, during
the top-down processing of phobic memories, the
participant recruited to a greater extent brain
structures responsible for regulatory behaviors,
thus yielding greater anxiety appraisal.

For the exogenous condition, we found increased
regulation of the amygdala and the cerebellum,
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a pattern noted by others after successful treat-
ment and the reduction of phobic symptoms (42).
When confronted with fear-producing images, acti-
vation of the amygdala is higher in phobic patients
than in controls (39; 40; 68). This is congruent
with the role of the amygdala in processing the
threat response (53). Ipser et al. (42) empha-
sized that reduced cerebellum activation was a
neural correlate of the beneficial effect of cogni-
tive behavioral therapy on phobias. They noted
cerebellar participation in emotional processes,
specifically learned and memorized responses to
fearful stimuli (65; 66; 72; 73). These findings
are in line with epidemiological research on pho-
bias, which finds atypical functioning patterns in
cerebello-vestibular structures (46).
The regression analysis performed in the cur-

rent study also found bilateral involvement of
the temporal cortex. This associative region is
part of the ventral stream and processes object
recognition from visual stimuli (70). Interestingly,
dysfunction and atrophy of the temporal lobe has
been associated with phobic disorders for quite
some time (29). During bottom-up processing of
visual stimuli selected for their triggering emo-
tional content, the participant exhibited increased
regulation of these temporal lobe regions after
EFT treatment.

Finally, the regression analysis revealed the in-
volvement of motor system regions during both
the endogenous and exogenous conditions, specifi-
cally the premotor and primary sensorimotor cor-
tices. The source-level analysis showed the same
pattern. There is a well-established functional cou-
pling between emotional and motor brain systems
(61; 35). Emotional priming of the brain’s motor
systems facilitates readiness to take action on a po-
tential existential threats (17; 37; 54). These fight
or flight responses have adaptive survival value
(33). More specifically, upregulation of the brain
motor system primes the fight or flight response.
The neural correlates of the EFT intervention

found in this study overlapped widely with those
reported after medication and psychotherapy for
anxiety disorders. For the endogenous condition,
the participant achieved a more effective cogni-
tive appraisal of the anxiety generated by fearful
memories. For the exogenous condition, EFT
yielded a reduced emotional threat response when
the participant was confronted with visual stimuli
selected for their fear-producing effect. Present
results are consistent with research showing that
EFT regulates the endocrine, cardiovascular and
immune systems while producing beneficial epige-
netic effects.
As with all research, the present study had a

number of limitations. First, the single-case de-
sign hampers generalization of the findings due to

the absence of a control therapy as well as non-
phobic comparison subjects. Placebo, therapist
allegiance and demand characteristics may have
played a role in the result. Furthermore, even
though the participant had suffered from flight
phobia for many years without improvement, re-
peated exposure to the same visual stimuli and
recall of affective memories could have desensi-
tized her. This limitation was partly overcome
by the regression analysis which established pre-
dictive relationships between brain activity and
psychological distress measures independent of
test-retest effects. Although the effects of the EFT
intervention were quantified using psychometric
and neurophysiological methods, the study did not
provide any information regarding the neuropsy-
chological processes mediating the efficacy of EFT.
It was designed primarily to provide functional
brain imaging insights on the psychophysiological
correlates of EFT interventions, and provide pre-
liminary data to be used in robust experimental
designs such as randomized controlled trials.
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