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A

Objective: This preliminary study endeavored
to evaluate the use of virtual reality (VR) enhanced exposure therapy for the treatment of
posttraumatic stress disorder (PTSD) consequent
to the World Trade Center attacks of September
11, 2001.
Method: Participants were assigned to a VR
treatment (N = 13) or a waitlist control (N = 8)
group and were mostly middle-aged, male disaster workers. All participants were diagnosed with
PTSD according to DSM-IV-TR criteria using the
Clinician-Administered PTSD Scale (CAPS). The
study was conducted between February 2002 and
August 2005 in offices located in outpatient
buildings of a hospital campus.
Results: Analysis of variance showed a significant interaction of time by group (p < .01) on
CAPS scores, with a between-groups posttreatment effect size of 1.54. The VR group showed
a significant decline in CAPS scores compared
with the waitlist group (p < .01).
Conclusions: Our preliminary data suggest
that VR is an effective treatment tool for enhancing exposure therapy for both civilians and disaster workers with PTSD and may be especially
useful for those patients who cannot engage
in imaginal exposure therapy.
(J Clin Psychiatry 2007;68:1639–1647)
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t the time the World Trade Center (WTC) attacks
occurred, expert treatment guidelines for posttraumatic stress disorder (PTSD), which were published
for the first time in 1999, recommended that cognitivebehavioral therapy (CBT) with imaginal exposure should
be the first-line therapy for PTSD.1 The efficacy of CBT
with imaginal exposure had been demonstrated in an
array of studies with diverse trauma populations including
female victims of sexual assault,2–4 motor vehicle accident
victims,5–8 Vietnam combat veterans,9–14 and mixed trauma
populations.15
Despite its documented efficacy,16 imaginal exposure
presents an impossible dilemma for some patients. Effective imaginal exposure, according to standard protocols
used in PTSD treatment outcome research,3 requires that
patients tell their trauma in the present tense to their therapist, over and over again; yet avoidance of reminders of
the trauma (e.g., thoughts, emotions, places) is inherent in
PTSD. Hence, most people with PTSD never seek treatment.17 Some patients who seek treatment refuse to engage
in the treatment, and others, though they express willingness, are unable to engage their emotions or senses, retelling a flat, emotionless tale reflecting their numbness. Such
patients typically fail to improve.
Theory suggests that emotional engagement or fear activation plays a critical role in exposure therapy. Foa and
Kozak18 propose that in order for a reduction in fear to occur, fear-relevant information associated with the patient’s
memory of the traumatic event (i.e., the fear structure)
must be accessed and activated through emotional engagement. After the fear structure is aroused through emotional
engagement, new or corrective information is incorporated
into the patient’s memory structure. These authors suggest
that repeated engagement with the feared stimulus in a safe
environment is necessary for the fear structures to change,
thereby allowing long-term habituation to take place.18
The few studies that have addressed the question of
treatment failures have concluded that failure to engage
emotionally predicts a poor treatment outcome. One of
the few studies to examine treatment variables that mediate outcome investigated the impact of the variables of
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emotional engagement and habituation on successful outcome of exposure therapy for chronic PTSD in female
assault victims.19 Results showed that although all participants made treatment gains, those with therapeutic emotional engagement in the treatment and habituation to
emotion-eliciting stimuli were 8 times more likely to meet
stringent criteria for good end-state functioning (i.e., a
50% reduction in PTSD symptom scores and normal
scores on measures of depression and anxiety).
Virtual reality (VR) technology may provide a tool to
facilitate high emotional engagement. Virtual reality environments afford opportunities not only to capitalize on the
patient’s imaginative and memorial capacities, but also
to augment them with visual, auditory, and even tactile
computer-generated experiences.20–23 For patients who are
reluctant to engage in recollections of feared memories,
VR provides a sensory-rich environment, which may facilitate emotional engagement.22 Moreover, VR environments can be manipulated above and beyond the constraints of the everyday world.20,21,24 The VR world does
not include the same risks as returning to the feared environment in the real world, and patients have been found to
be more willing to consider VR therapy than other forms
of exposure therapy.20,21,24
Numerous studies have documented that VR exposure
therapy is an effective treatment for anxiety disorders. The
efficacy of VR exposure has been demonstrated for fear of
heights,25–27 fear of flying,28–30 claustrophobia,31,32 and spider phobia.33,34 As with PTSD, patients with specific phobias avoid the feared stimulus, but must confront it to get
well. Rothbaum, Hodges, and colleagues35,36 demonstrated
the potential efficacy of VR enhanced exposure therapy
for the treatment of chronic PTSD in an open trial of Vietnam War veterans who had failed to improve with other
treatment modalities. Recognizing that not all of those
individuals who would need treatment for PTSD following the WTC attacks37–40 would respond to the first-line
empirically validated treatment of prolonged exposure
therapy,36,41,42 we sought to conduct preliminary research
on the application of VR technology to the treatment of
PTSD in survivors of the WTC attacks of September 11,
2001, the first case of which was published in 2002.43
The principal aim of our study was to evaluate the efficacy of VR exposure therapy in the treatment of PTSD.
The study was specifically designed for individuals with
PTSD resulting from terrorism who directly witnessed the
WTC attacks on September 11, 2001. To our knowledge,
this is the only controlled study of treatment of PTSD following the WTC attacks.
METHOD
Design
In this preliminary study of a novel treatment technique, participants in the VR treatment group were com-
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pared with a matched waitlist control group. We hypothesized that those in the VR group would show a statistically and clinically significant reduction in PTSD symptom severity compared with the waitlist group both at the
outcome assessment and the 6-month follow-up. We further hypothesized that significantly fewer participants in
the VR group would have a diagnosis of PTSD compared
with the waitlist control group both at the outcome assessment and the 6-month follow-up. Subjects in the treatment group received treatment based on a protocol that
integrated VR exposure with other therapeutic techniques
commonly used in PTSD outcome studies involving CBT
including psychoeducation, relaxation training, and cognitive restructuring.
Participants
Participants were referred to our clinical research program from multiple referral sources including physicians
and psychologists within the hospital network, the New
York City Fire Department, and other entities that employed civilians and disaster workers directly exposed
to the WTC attacks. The study was institutional review
board approved, and prior to conducting all evaluations,
the clinical treatment options and research studies available through our program were described to all evaluees.
The evaluations and treatment occurred in the offices
of the investigators located in outpatient buildings at
the hospital campus (Weill Medical College, New York,
N.Y.). Informed consent was obtained prior to beginning
the interview. The study was conducted between February
2002 and August 2005.
Twenty-five participants were evaluated. Four people
did not meet the eligibility criteria for this study. One patient was psychotic, another was excluded due to language barriers (i.e., the patient did not speak English well
enough to complete the assessment instruments and communicate with the therapist), and the remaining 2 people
did not meet full criteria for PTSD. Thirteen people were
enrolled in the VR protocol and 8 people in the waitlist
control group. The waitlist control group was matched to
the VR group on Clinician-Administered PTSD Scale44
(CAPS) severity scores, WTC exposure, and sociodemographic characteristics. There were no significant differences between the VR treatment group and the waitlist
control group on any demographic variables (Table 1).
Of the 13 people who were enrolled in the VR protocol, 5 participants were firefighters, 4 were nonrescue disaster relief workers, and 4 were civilians. Three VR participants were taking a stable dose of a selective serotonin
reuptake inhibitor for at least 2 months prior to participating in this project. Prior to enrolling in this study, 5 participants in the VR group had been in other treatments for
PTSD related to the WTC attacks, which did not result in
meaningful improvement. Four were treated with prolonged therapy exposure in our research program, but
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Table 1. Sociodemographic Characteristics and Psychiatric and Trauma
Histories of the Virtual Reality and Waitlist Groups
Variable
Age, mean (SD), y
Gender, N
Male
Female
Education, N
Some or no high school
High school
Some college
College
Marital status, N
Cohabitating
Separated/divorced
Married
Single
Ethnicity, N
White
Black
Hispanic
Psychiatric history, N
Trauma history, N

Virtual Reality
40.92 (9.90)

Waitlist
45.13 (7.14)

11
2

7
1

1
3
3
6

0
5
1
2

2
2
8
1

0
1
5
2

10
2
1
2
8

6
2
0
4
5

were unable to engage emotionally, as evidenced by Subjective Units of Distress Scale45 (SUDS) scores of zero
across several treatment sessions. The remaining participant was treated elsewhere, and his pre-VR treatment
SUDS data were unavailable.
Inclusion of the patients who had failed prior treatments necessitated deviating from the standard randomization procedure. While we could have simply treated
these subjects without including their data in the analyses,
we decided instead to accommodate them by converting
our design to a quasi-experimental approach. We felt that
the inclusion of subjects who had in fact failed prior treatments had the potential to strengthen our conclusions. A
successful outcome for this particular subsample of patients would go a long way toward showing how effective
VR treatment could be. The design thus converted from
randomized blocks to intact units.46 The 5 treatment failures were entered into the VR condition, and a block of
subjects matched on the key characteristics were entered
into the waitlist control condition.
Of the 13 patients who began the VR protocol, 3 patients did not complete the process. One patient could not
continue in the protocol because of his immediate geographic relocation outside of the New York metropolitan
area and another had been diagnosed with a malignant cancer and had to begin treatment for debilitating symptoms,
which precluded weekly visits for his PTSD treatment.
Only 1 patient dropped out of treatment after beginning
the VR exposure sessions. The baseline characteristics of
these noncompleters did not differ significantly from those
who did complete the study.
All participants were diagnosed with PTSD, using
the CAPS, according to DSM-IV-TR criteria. The mean
baseline CAPS score was 69.31 (SD = 21.91) for the VR
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Test Result
t = –1.03
χ2 = 0.03

p Value
.32
.85

χ2 = 3.51

.32

χ2 = 2.30

.51

χ2 = 0.86

.65

χ2 = 2.91
χ2 = 0.00

.09
.97

group and 71.75 (SD = 12.02) for the waitlist control
group; both fell within the severe range. There were no
significant differences between the baseline CAPS scores
in the VR and waitlist conditions (t = –.29, p = .78).
Procedure
After informed consent was obtained, persons who
had at least partial direct exposure1 to the attacks on the
WTC were assessed by a doctoral-level psychologist
with the CAPS,44 the Trauma History Questionnaire,47 and
the Structured Clinical Interview for DSM-IV.48 The
self-report questionnaires include the PTSD Checklist
(PCL),49 Beck Depression Inventory (BDI),50 and Brief
Symptom Inventory (BSI), which also yields the subscale
score of the Global Severity Index (GSI).51 Inclusion criteria were (1) at least partial direct exposure to the WTC
attacks of September 11, 2001; (2) between the ages of 18
and 70 years; and (3) met full criteria for DSM-IV-TR
PTSD based on the CAPS interview. Exclusion criteria
were presence of current organic mental disorder, schizophrenia, bipolar disorder, depression with psychotic features, current substance dependence, delusional disorder,
and active suicidal or homicidal ideation, intent, or plan;
history of chronic childhood sexual abuse; use of a pacemaker; and history of motion sickness. An independent
assessor conducted assessments pretreatment, posttreatment, and at 6 months posttreatment. To calculate interrater reliability, a psychologist with 10 years’ experience
using the CAPS made independent ratings while observing interviews. Intraclass correlations52 ranged from 0.98
to 0.99 for the 3 symptom cluster severity scores and
CAPS total severity score.
In addition, VR participants completed self-report
measures prior to every treatment session. All VR ses-
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sions were videotaped and reviewed in weekly supervision
with the senior psychologist (J.D.) associated with the
project, who had 15 years’ experience assessing and treating PTSD in diverse trauma populations. All psychologists
conducting treatment had been trained in behavioral exposure treatment protocols for the treatment of PTSD in a
diverse trauma sample, including civilian and disaster
worker survivors of the WTC attacks, prior to learning the
VR treatment protocol.
Equipment
A Dell (http://www.dell.com) 530 workstation with
dual 2-gigabyte central processing units, 2 gigabytes of
RAM, a Wildcat 5110 video card, Windows 2000 operating system, and MultiGen-Paradigm, Inc., Vega VR
software, (http://www.multigen.com) was coupled with
a 10242 × 768 resolution Kaiser XL-50 VR helmet with
40-degree horizontal field of view (http://www.keo.com/
proviewxl3550.htm). A Polhemus Fastrak position tracking system was used to measure the position of the user’s
head (http://www.polhemus.com).
The essence of immersive VR is the illusion it gives
patients that they have gone inside the 3-D computergenerated environment/virtual world, as if they are “there”
in the virtual world. In the present study, the place the patients visited was lower Manhattan and the event reexperienced was a computer simulation of the September 11th
attacks on the WTC.
During VR exposure therapy, the patient wore a headmounted VR helmet that positioned 2 goggle-sized miniature liquid crystal display computer screens close to the
patient’s eyes. Position tracking devices kept the computer
informed of changes in the patient’s head location. An
electromagnetic head orientation device fed the x, y, and z
coordinates of the patient’s head to the computer, which
could quickly change what the patient saw in VR accordingly (e.g., the patients saw the streets and buildings if
they looked straight ahead; they saw the WTC towers and
sky if they looked up). The scenery in VR changed as the
patient moved his or her head orientation (e.g., virtual objects in front of the patient in VR got closer as the patient,
wearing the VR helmet, leaned forward in the real world).
The WTC virtual environment was developed to permit
a graded hierarchical exposure to the sensory stimuli in
the world. The program was carefully constructed in this
fashion to prevent overwhelming or flooding the patient
and to allow the treatment to follow the principles of behavioral exposure in vivo and imaginal graded exposure
therapy. Over the course of the exposure sessions, the patient progressed through a series of 11 computer-generated
3-D sequences that gradually increased in intensity and
detail at a pace the patient could tolerate. The virtual
world was programmed so that the therapist was able to
control what the patient experienced while immersed in
the virtual world by touching preprogrammed keys on
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the keyboard. During the exposure segments, the therapist simultaneously viewed the virtual environments on a
video monitor.
The following is a list of the graded hierarchical elements of the WTC virtual world:
a. A jet flies over the WTC towers, but doesn’t crash;
normal New York City street sounds
b. A jet flies over, hits building, but no explosion
c. A jet flies over, crashes with explosion, but no
sound effects
d. A jet flies over, crashes with explosion, with explosion sound effects
e. Burning and smoking building (with hole where
jet crashed), no screaming
f. Burning and smoking building (with hole where
jet crashed), screaming
g. Burning and smoking building (with hole where
jet crashed), screaming, and people jumping
h. Second jet crashes into second tower with explosion and sound effects
i. Second tower collapses with dust cloud
j. First tower collapses with dust cloud
k. The full sequence
Treatment
The number of treatment sessions was flexible with
a maximum of 14 sessions. The mean (SD) number of VR
exposure sessions was 7.5 (3.6) with a range from 6 to 13
sessions. All patients received at least 6 weeks of exposure therapy. The 75-minute treatment sessions were held
weekly. The target time in the virtual world was 45 minutes per session. The first 2 treatment sessions were used
to provide psychoeducation about PTSD, to introduce relaxation training, and to introduce and provide the rationale for exposure therapy. The information obtained in
the introductory imaginal exposure exercise was used to
orient the therapist to the patient’s trauma experience
so that he or she could carefully plan the VR graded
exposure.
Sessions 3 through 12 were focused on the VR exposure therapy. The VR exposure exercises followed the
principles of graded behavioral exposure. The pace was
individualized and patient driven. Prior to putting on the
head-mounted display, patients were instructed that they
would be asked to recount their trauma in the first person,
as if it were happening again, with as much attention to
sensory detail as they could provide. Once the patient was
immersed in the virtual world, the therapist prompted the
patient to recount his or her story by asking the patient,
“What comes to mind about your experience?” Using
clinical judgment, the therapist might prompt the patient
with questions about his or her experience or encouraging
remarks if it was deemed necessary to help facilitate the
exposure session.
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Table 2. Mean (SD) Outcome Measures at Pretreatment (Baseline) and Posttreatment in the
Virtual Reality and Waitlist Groups
Virtual Reality Group (N = 10)
Waitlist Group (N = 8)
Measure
Baseline
Posttreatment
Baseline
Posttreatment
CAPS
Total score
62.50 (19.46) 39.90 (25.79)
71.75 (12.02) 75.50 (13.14)
Percent change from baseline
…
–39.69 (–90 to 6)
…
8 (–28 to 52)
Cluster B score
16.20 (9.19)
9.65 (9.36)
16.62 (8.79) 19.50 (7.76)
Cluster C score
27.10 (9.71)
16.10 (12.28)
28.50 (4.50) 29.50 (6.34)
Cluster D score
19.20 (4.18)
14.15 (8.56)
26.62 (3.88) 26.50 (5.42)
BDI score
16.80 (11.59)
11.10 (8.37)
19.12 (8.67) 21.50 (9.53)
GSI score
1.25 (0.76)
0.69 (0.55)
1.68 (0.68)
1.11 (1.02)
Abbreviations: BDI = Beck Depression Inventory, CAPS = Clinician-Administered Posttraumatic Stress
Disorder Scale, GSI = Global Severity Inventory.

Figure 1. Mean Change in CAPS Total Severity Score in
the Virtual Reality and Waitlist Groups (pretreatment to
posttreatment)a,b

Mean Change in
CAPS Total Severity Score

100

Virtual Reality
Waitlist

80
60
40
20
0

Pretreatment

Statistical Analysis
Means and standard deviations (for all continuous
measures) and frequencies (for categorical measures)
were calculated across the sample and separately for
each group. T tests and χ2 tests were used to compare
the groups, so as to ensure that the samples were comparable prior to treatment. Separate repeated-measures
analyses of variance (ANOVAs) were performed on the
CAPS, BDI, and BSI scores, with appropriate contrasts to
compare the groups. Effect sizes for the overall ANOVA
(partial η2) and the posttreatment between-groups effect
(Cohen’s d)53 are also reported.

Posttreatment

RESULTS
a

Time by group interaction: F = 10.82; df = 1,16; p < .01.
b
Between-groups posttreatment effect size: 1.54.
Abbreviation: CAPS = Clinician-Administered Posttraumatic Stress
Disorder Scale.

The therapist monitored the patient’s self-reported
SUDS score on a scale of 0 to 100 every 5 minutes during
the exposure work. For the sequences in the WTC world
that were relevant to the patient’s experience, each sequence in the VR menu was repeated until the SUDS
level decreased by at least 50%. Each sequence was repeated a number of times before habituation occurred.
The next sequence was not approached without the
patient’s verbal consent. This procedure was designed to
evoke a level of response that created discomfort but that
was tolerable. Gradually, as the patient habituated to his
or her experience, he or she was able to approach sequences that more nearly approximated the traumatic
event. After the patient completed the graded hierarchical
exposure, which usually took several sessions, the patient
was asked to recount memories that were spontaneously
recalled during earlier parts of the treatment while the
therapist showed the patient the sequence that had triggered the memory. The final 2 sessions were used for
planning for pleasure, reviewing progress in treatment,
and relapse prevention.
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All participants were diagnosed with PTSD using the
CAPS according to DSM-IV-TR criteria. The mean (SD)
baseline CAPS score was 62.50 (19.46) for the 10 VR
completers and 71.75 (12.02) for the waitlist control
group (Table 2). There were no statistically significant
differences between the baseline CAPS scores in the VR
and waitlist conditions (t = –1.17, df = 16, not significant). The groups did not differ significantly on any other
characteristics at baseline (Table 1).
The VR group showed both statistically and clinically
significant improvement in CAPS total severity scores
compared with the waitlist comparison group. Repeatedmeasures ANOVA revealed a significant time by group
interaction (F = 10.82; df = 1,16; p < .01) (Figure 1).
There was a large interaction effect size (partial η2 = 0.40)
as well as a large posttreatment between-groups effect
size (Cohen’s d = 1.54). The initial CAPS severity scores
for both groups fell within the severe range. At the end
of the treatment period, the mean (SD) CAPS score for
the VR group fell just within the upper border of the mild
range (39.90 [25.79]), while the mean (SD) CAPS score
for the waitlist control group remained within the severe
range (75.50 [13.14]).
Post hoc comparisons showed significant group differences in final CAPS scores between the VR and waitlist groups (Tukey least significant difference = 29.20,
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p < .01). Focused within-group contrasts revealed that
CAPS scores showed a significant pretreatment to posttreatment decrease in the VR group (p < .001) but no significant decrease in the waitlist control group. Chi-square
analysis showed that 7 of 10 people in the VR group no
longer carried a diagnosis of PTSD, while all of the
waitlist control group retained the diagnosis at the end of
the waiting period (χ2 = 9.6, df = 1, N = 18, p < .01).
Among the 10 VR treatment completers, the mean
percent decrease in CAPS score from pretreatment to
posttreatment was 39.69% (Table 2). Of the 5 patients
who previously failed to improve with imaginal exposure
therapy, 3 showed at least a 25% decrease in symptoms,
and the remaining 2 showed more than a 50% reduction
in CAPS severity scores after VR exposure therapy.
Similarly, 4 of the patients who had not received prior
treatment for PTSD showed at least a 50% reduction in
CAPS severity scores after VR exposure therapy, and 1
patient showed no improvement at the outcome assessment. As Schnurr and colleagues54 report that a change of
10 points on the CAPS is clinically significant, the VR
group had a clinically as well as statistically significant
decrease in CAPS scores. Nine of 10 VR patients indicated a clinically significant reduction in CAPS scores of
at least 10 points. The VR group showed a mean decrease
in CAPS scores of 22.60 points compared with a mean
3.75-point increase in the waitlist control group.
Repeated-measures ANOVA showed a time by group
interaction for both the reexperiencing cluster (B: F =
7.70; df = 1,16; p < .05) and avoidant symptom cluster
(C: F = 11.33; df = 1,16; p < .01) but not the hyperarousal cluster (D: F = 1.74; df = 1,16; not significant).
Focused within-group contrasts confirmed that the reexperiencing and avoidant symptom clusters showed a
significant within-group decrease from baseline to the
posttreatment assessment for the VR group (p < .05 and
p < .01, respectively), but there was not a significant
change in the hyperarousal symptom cluster. Post hoc
Tukey honestly significant difference (HSD) tests
showed significant differences between the groups on
CAPS B and C clusters (Tukey HSD = 3.82, p < .05 and
Tukey HSD = 6.47, p < .01, respectively) and no improvement on the D cluster (Tukey HSD = 2.76, not significant). Tukey HSD tests also showed that no symptom
clusters had a significant decrease in the waitlist group
(Tukey HSD, B = –1.78, C = –0.54, and D = 0.06, all not
significant).
Repeated-measures ANOVAs indicated that there was
no significant time by group interaction on the BDI (F =
2.34; df = 1,16; not significant) or the GSI (F = 0.48;
df = 1,10; not significant), but these scores were low at
baseline. There was a significant main effect for time on
the GSI across both groups (F = 7.43; df = 1,10; p < .05)
illustrating a slight decrease in general distress symptom
levels over time.
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Subjective Units of Distress Scale and immersion
scores suggested that participants were able to emotionally engage in the virtual WTC attack simulation and to
habituate to the sensory input offered in the VR world.
The mean (SD) SUDS score across all participants in the
first VR session was 46.35 (25.23), which is notable considering that patients begin by seeing only the towers or a
plane flying past them, which usually elicit low if any distress. By the sixth session, which was the minimum number available to participants, the mean (SD) SUDS score
had decreased, as would be expected with habituation, to
25.57 (19.92). The mean (SD) peak SUDS score in session 1 was 67.50 (34.82) and 45.87 (34.41) in session 6.
Immersion scores were elicited by the Immersion Questionnaire,55 a measure that assesses how absorbed subjects
become during exposure sessions (the minimum total
score is 7 and a maximum total score is 49). The mean
(SD) immersion score across all VR sessions was 32.75
(7.43) with a range of 24.71 to 42.33.
Six-Month Follow-Up
Nine of the 10 VR participants were available for
follow-up, and paired t tests show that the treatment gains
were maintained at the long-term follow-up assessment
(mean [SD] CAPS initial score = 62.7 [19.46] vs. CAPS
follow-up score = 27.3 [16.3]; t = 5.03, df = 8, p < .01).
Consistent with the initial outcome data, there were no
baseline to follow-up changes on the BDI or GSI.
DISCUSSION
The results of our study provide preliminary evidence
for the efficacy of a novel tool, VR simulations of trauma,
to enhance treatment for PTSD. Nine of 10 patients with
severe PTSD and extensive exposure to the WTC attacks
showed both clinically meaningful as well as statistically
significant improvement compared with a waitlist control
group. The large effect size is particularly impressive because 5 of the 10 patients had participated in other treatments for PTSD, most notably imaginal exposure therapy,
without any improvement prior to undertaking the VR
treatment. The results are also notable because the treatment was effective for patients who had vastly different
exposure to the WTC attacks and their aftermath, including emergency services personnel, disaster workers, and
civilians.
Though our sample size was small, it was not smaller
than several of the seminal studies documenting the efficacy of other PTSD treatments,36,56 and our effect size
was large compared with other psychotherapy outcome
studies for PTSD,57 suggesting that VR simulations of
trauma may offer a promising new treatment tool for
PTSD. To date, only one other study, an open trial of 9
Vietnam veterans with no control group, has examined the
efficacy of VR for the treatment of PTSD.36 That study,
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too, reported a significant decline in PTSD symptoms in a
group of veterans who had previously received multiple
unsuccessful treatments for their PTSD prior to trying
VR therapy.
As VR is a relatively new treatment tool for PTSD, we
were particularly interested to learn if patients would tolerate the treatment well. Our results suggest that the treatment was well tolerated; only 1 patient who began the
VR exposure sessions did not complete treatment. None
of our patients reported feeling overwhelmed by the exposure nor did anyone get worse. Consistent with studies
showing that patients prefer VR to imaginal exposure
treatment for other anxiety disorders, our dropout rate of
only 1 person was low.20,21,24,34
With regard to the clinical significance of this study, all
treatment completers showed a clinically meaningful improvement in their PTSD symptom severity; however, 1
patient who completed treatment did not maintain these
gains and evidenced no improvement at the outcome assessment, as described above. The range of symptom reduction was between 25% to 90%. Most notably, all 5 of
those who had received prior treatment showed at least a
25% reduction in symptoms after VR therapy. It was our
clinical impression that if we had included additional VR
exposure sessions, these patients would have shown a further decrease in symptoms.
It may be important to note the context in which the
treatment occurred. All participants lived in the New York
City metropolitan area, and all the firefighters and disaster workers had continuing ongoing exposure to the effects of the WTC attacks at the disaster. During the period
of study, the New York City metropolitan area was consistently rated as code orange, one of the highest levels
of threat as delineated by the U.S. government (http://
www.dhs.gov/dhspublic/display?theme=29); the only
higher level is code red, indicating that the United States
is currently under severe threat of terrorist attack. Thus,
all participants received treatment in an environment of
perceived ongoing threat. Previous studies of PTSD treatment have not occurred in the context of perceived ongoing threat to all study participants. It is difficult to
determine the precise effect the ongoing threat had on
treatment outcome. However, it was our clinical impression that many of our patients, in this as well as our other
studies of WTC-related PTSD,58 who had residual symptoms when they were interviewed, were reacting to the
ongoing anticipated terrorist threats to the New York City
metropolitan region. We speculate that the perception of
ongoing threat may have been a factor in the maintenance
of residual hyperarousal symptoms in our patients. This
observation may have important implications for research
conducted in similarly life-threatening environments,
such as in Israel, where terrorist threats are ongoing, or
within the combat theater, where soldiers are treated for
PTSD.
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One skepticism of VR treatment for PTSD has been
that standardized virtual simulations would be of limited
therapeutic value because each patient’s trauma experience is idiosyncratic. The arguments suggest that one
standardized virtual trauma simulation could not encompass the vast array of stimuli experienced by large numbers of people exposed to the same type of trauma sufficiently (e.g., the attacks on the WTC) to engage patients
with their diverse experiences. Our results contradict this
assertion. Our patients had substantially different experiences of the WTC attacks. Five participants were New
York City firefighters, 3 were disaster workers, and 3
were civilians. One civilian witnessed the attacks across
the street from the towers, and the virtual WTC world encompassed her entire experience. Another patient was a
fire chief who played an integral role in directing the fire
department’s operations inside the lobby of the North
Tower and who had to escape as the tower collapsed. Yet
another patient, a nonrescue disaster worker, was summoned to the site from a nearby location and did not see
the plane crashes but arrived in time to witness people
jumping from the buildings. All of these patients had high
engagement scores in VR, but low engagement scores in
imaginal exposure therapy, and illustrate the point that
one carefully crafted virtual trauma simulation can encompass a broad enough array of sensory stimuli to provide emotional resonance to diverse trauma experiences.
We can only speculate why VR-enhanced treatment
may be effective. Several studies regarding the phenomenology of trauma memories have suggested that these
memories are usually more fragmented and characterized
by sensory perceptual qualities than nontrauma memories.59,60 Because of the multisensory capacity of the
VR simulations, VR may prove to be a uniquely effective
environment in which to process and integrate these
memory fragments together into a coherent story that
patients are comfortable accessing. The sensory cues in
the virtual trauma simulation may match or parallel the
sensory quality and phenomenology of the memory fragments. The sensory cues in the VR world may serve
as triggers for the patient’s memory fragments, helping
him or her to access his/her fear structures, thereby facilitating both the patient’s emotional engagement and the
sensory and emotional processing of the memory fragment. Although an anecdotal observation, we were impressed that several VR patients who did not respond to
prolonged exposure therapy noted that the sound of the
VR simulation was particularly powerful and helped
“bring them into” the VR WTC simulation and to their
personal memories.
One obvious limitation to the current study results
from the comparison of the VR treatment group with a
waitlist control group rather than comparing the VR treatment with the standard of care treatment, prolonged exposure therapy. Additionally, our relatively small sample
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size and quasi-experimental design suggest caution when
interpreting our results. Nonetheless, these promising results suggest that further studies are warranted. To address
the efficacy of VR exposure therapy and to determine its
clinical benefits, studies should be developed to use VR
trauma simulations with a variety of traumas and include
randomized controlled clinical trials comparing VR to
prolonged exposure therapy. We conclude that VR may be
an effective treatment tool for those with PTSD and may
be particularly valuable for those who do not respond to
prolonged exposure therapy.
REFERENCES
1. The Expert Consensus Guideline Series: Treatment of Posttraumatic
Stress Disorder. The Expert Consensus Panels for PTSD. J Clin
Psychiatry 1999;60(suppl 16):3–76
2. Foa EB, Dancu CV, Hembree EA, et al. A comparison of exposure
therapy, stress inoculation training and their combination for reducing
posttraumatic stress disorder in female assault victims. J Consult Clin
Psychol 1999;67:194–200
3. Foa EB, Rothbaum BO, Riggs DS, et al. Treatment of posttraumatic
stress disorder in rape victims: a comparison between cognitivebehavioral procedures and counseling. J Consult Clin Psychol 1991;
59:715–723
4. Resick PA, Nishith P, Weaver TL, et al. A comparison of cognitiveprocessing therapy with prolonged exposure and a waiting condition
for the treatment of chronic posttraumatic stress disorder in female rape
victims. J Consult Clin Psychol 2002;70:867–879
5. Blanchard EB, Hickling EJ, Devineni T, et al. A controlled evaluation of
cognitive behavioural therapy for posttraumatic stress in motor vehicle
accident survivors. Behav Res Ther 2003;41:79–96
6. Blanchard EB, Hickling EJ, Malta LS, et al. One- and two-year
prospective follow-up of cognitive behavior therapy or supportive
psychotherapy. Behav Res Ther 2004;42:745–759
7. Hickling EJ, Blanchard EB. The private practice psychologist and
manual-based treatments: post-traumatic stress disorder secondary
to motor vehicle accidents. Behav Res Ther 1997;35:191–203
8. Hickling EJ, Blanchard EB. The psychological treatment of motor vehicle accident-related post-traumatic stress disorder: conceptualization
and two pilot studies. In: Hickling EJ, Blanchard EB, eds. International
Handbook of Road Traffic Accidents: Psychological Trauma, Treatment
and Law. Amsterdam, The Netherlands: Elsevier; 1999:321–339
9. Pitman RK, Orr SP, Altman B, et al. Emotional processing and outcome
of imaginal flooding therapy in Vietnam veterans with chronic posttraumatic stress disorder. Compr Psychiatry 1996;37:409–418
10. Frueh BC, Turner SM, Beidel DC, et al. Trauma management therapy:
a preliminary evaluation of a multicomponent behavioral treatment for
chronic, combat-related PTSD. Behav Res Ther 1996;34:533–543
11. Keane TM, Fairbank JA, Caddell JM, et al. Implosive (flooding) therapy
reduces symptoms of PTSD in Vietnam combat veterans. Behav Ther
1989;20:245–260
12. Cooper NA, Clum GA. Imaginal flooding as a supplementary treatment
for PTSD in combat veterans: a controlled study. Behav Ther 1989;3:
381–391
13. Boudewyns PA, Hyer L. Physiological response to combat memories
and preliminary treatment outcome in Vietnam veterans: PTSD patients
treated with direct therapeutic exposure. Behav Ther 1990;21:63–87
14. Glynn SM, Eth S, Randolph ET, et al. A test of behavioral family therapy
to augment exposure for combat-related posttraumatic stress disorder.
J Consult Clin Psychol 1999;67:243–251
15. Thompson JA, Charlton PF, Kerry R, et al. An open trial of exposure
therapy based on deconditioning for post-traumatic stress disorder.
Br J Clin Psychol 1995;34:407–416
16. Rothbaum BO, Meadows EA, Resick PA, et al. Cognitive-behavioral
therapy. In: Foa EB, Keane TM, Friedman MJ, eds. Effective Treatments
for PTSD. New York, NY: The Guilford Press; 2000:60–83
17. Kessler RC. Posttraumatic stress disorder: the burden to the individual

1646

and to society. J Clin Psychiatry 2000;61(suppl 5):4–12
18. Foa EB, Kozak MJ. Emotional processing of fear: exposure to corrective
information. Psychol Bull 1986;99:20–35
19. Jaycox LH, Foa EB, Morral AR. Influence of emotional engagement and
habituation on exposure therapy for PTSD. J Consult Clin Psychol 1998;
66:185–192
20. Vincelli F. From imagination to virtual reality: the future of clinical
psychology. Cyberpsychol Behav 1999;2:241–248
21. Hodges LF, Anderson P, Burdea GC, et al. VR as a tool in the treatment
of psychological and physical disorders. IEEE Computer Graphics and
Applications 2001;21:25–33
22. Rothbaum BO, Hodges LF. The use of virtual reality exposure in the
treatment of anxiety disorders. Behav Modif 1999;23:507–525
23. Hofmann SG, Litz BT, Weathers FW. Social anxiety, depression, and
PTSD in Vietnam veterans. J Anxiety Disord 2003;17:573–582
24. Rizzo AA, Wiederhold M, Buckwalter JG. Basic issues in the use of
virtual environments for mental health applications. In: Riva G,
Wiederhold B, Molinari E, eds. Virtual Environments in Clinical Psychology and Neuroscience: Method and Techniques in Advanced
Patient-Therapist Interactions. Amsterdam, The Netherlands: IOS Press;
1998:21–42
25. Rothbaum BO, Hodges LF, Kooper R, et al. Virtual reality graded exposure in the treatment of acrophobia: a case report. Behav Ther 1995;26:
547–554
26. Rothbaum BO, Hodges LF, Kooper R, et al. Effectiveness of computergenerated (virtual reality) graded exposure in the treatment of
acrophobia. Am J Psychiatry 1995;152:626–628
27. Emmelkamp PM, Krijn M, Hulsbosch AM, et al. Virtual reality treatment
versus exposure in vivo: a comparative evaluation in acrophobia. Behav
Res Ther 2002;40:509–516
28. Rothbaum B, Hodges, L, Watson, BA, et al. Virtual reality exposure
therapy in the treatment of fear of flying: a case report. Behav Res Ther
1996;34:477–481
29. Rothbaum BO, Hodges L, Smith S, et al. A controlled study of virtual
reality exposure therapy for the fear of flying. J Consult Clin Psychol
2000;68:1020–1026
30. Rothbaum BO, Anderson P, Zimand E, et al. Virtual reality exposure
therapy and standard (in vivo) exposure therapy in the treatment of fear
of flying. Behav Ther 2006;37:80–90
31. Botella C, Banos RM, Villa H, et al. Virtual reality in the treatment of
claustrophobia: a controlled, multiple baseline design. Behav Ther 2000;
31:583–595
32. Botella C, Banos RM, Perpina C, et al. Virtual reality treatment of
claustrophobia: a case report. Behav Res Ther 1998;36:239–246
33. Garcia-Palacios A, Hoffman H, Carlin A, et al. Virtual reality in the
treatment of spider phobia: a controlled study. Behav Res Ther 2002;
40:983–993
34. Carlin AS, Hoffman HG, Weghorst S. Virtual reality and tactile augmentation in the treatment of spider phobia: a case report. Behav Res Ther
1997;35:153–158
35. Rothbaum BO, Hodges L, Alarcon R, et al. Virtual reality exposure
therapy for PTSD Vietnam veterans: a case study. J Trauma Stress 1999;
12:263–271
36. Rothbaum BO, Hodges LF, Ready D, et al. Virtual reality exposure
therapy for Vietnam veterans with posttraumatic stress disorder.
J Clin Psychiatry 2001;62:617–622
37. Schlenger WE, Caddell JM, Ebert L, et al. Psychological reactions to
terrorist attacks: findings from the National Study of Americans’ Reactions to September 11. JAMA 2002;288:581–588
38. New York City Department of Health. A community needs assessment of
Lower Manhattan following the World Trade Center attack. New York
City Department of Health. Available at: http://www.nyc.gov/html/doh/
html/public/press02/pr0111.html. Accessed Jan 11, 2004
39. Galea S, Ahern J, Resnick H, et al. Psychological sequelae of the
September 11 terrorist attacks in New York City. N Engl J Med
2002;346:982–987
40. Rosenczweig CC, Kravitz M, Delvin M. The psychological impact of
helping in a disaster: the New York City experience, September 11th,
2001. Acad Emerg Med 2002;9:502
41. Tarrier N, Pilgrim H, Sommerfield C, et al. A randomized trial of
cognitive therapy and imaginal exposure in the treatment of chronic
posttraumatic stress disorder. J Consult Clin Psychol 1999;67:13–18
42. Ehlers A, Clark DM, Dunmore E, et al. Predicting response to exposure

J Clin Psychiatry 68:11, November 2007

Virtual Reality Therapy for PTSD

43.
44.
45.
46.
47.
48.
49.

50.
51.

treatment in PTSD: the role of mental defeat and alienation. J Trauma
Stress 1998;11:457–471
Difede J, Hoffman H. Virtual reality exposure therapy for World Trade
Center post-traumatic stress disorder: a case report. Cyberpsychol Behav
2002;5:529–535
Blake DD, Weathers F, Nagy LM, et al. A Clinician rating scale for
assessing current and lifetime PTSD: the CAPS-1. Behav Ther 1990;
13:187–188
Wolpe J. The Practice of Behavior Therapy. New York, NY; Pergamon
Press: 1973
Cook TD, Campbell DT. Quasi-Experimentation: Design and Analysis
Issues for Field Settings. Boston, Mass; Houghton Mifflin Company:
1979
Green BL. Trauma History Questionnaire. In: Stamm BH, Varra EM, eds.
Instrumentation in Stress, Trauma and Adaptation. Northbrook, Ill: Research and Methodology Interest Group of the ISTSS; 1993:366–369
First MB, Spitzer RL, Williams JBW, et al. Structured Clinical Interview
for DSM-IV (SCID). Washington, DC: American Psychiatric Association;
1997
Weathers FW, Litz FW, Herman DS, et al. The PTSD Checklist (PCL).
Reliability, validity, and diagnostic utility. San Antonio, Tex: Annual
Meeting of the International Society for Traumatic Stress Studies;
1993
Beck AT, Steer RA, Brown GK. Manual for the Beck Depression
Inventory-II. San Antonio, Tex: Psychological Corporation; 1996
Derogatis LR, Spencer MS. The Brief Symptom Inventory (BSI):
Administration, Scoring, and Procedures Manual-I. Baltimore,

J Clin Psychiatry 68:11, November 2007

52.
53.
54.
55.
56.
57.
58.

59.
60.

Md: Johns Hopkins University School of Medicine, Clinical and
Psychometrics Research Unit; 1982
Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater
reliability. Psychol Bull 1976;86:420–428
Cohen J. Statistical Power Analysis for the Behavioral Sciences.
Hillsdale, NJ: Lawrence Erlbaum Associates, Inc; 1988
Schnurr PP, Friedman MJ, Lavori PW, et al. Design of Department
of Veterans Affairs Cooperative Study no. 420: group treatment of
posttraumatic stress disorder. Control Clin Trials 2001;22:74–88
Zimand E, Anderson PA, Rothbaum BO, et al. Immersion
Questionnaire. Decatur, Ga: Virtually Better, Inc; 2001
Foa EB, Hearst-Ikeda D, Perry KJ. Evaluation of a brief cognitivebehavioral program for the prevention of chronic PTSD in recent
assault victims. J Consult Clin Psychol 1995;63:948–955
Bradley R, Greene J, Russ E, et al. A multidimensional meta-analysis
of psychotherapy for PTSD. Am J Psychiatry 2005;162:214–227
Difede J, Roberts J, Jayasinghe N, et al. Evaluation and treatment of
firefighters and utility workers following the World Trade Center attacks.
In: Neria Y, Gross R, Marshall R, et al, eds. 9/11: Mental Health in the
Wake of Terrorist Attacks. New York, NY: Cambridge University Press;
2006:333–334
van der Kolk BA, Fisler R. Dissociation and the fragmentary nature of
traumatic memories: overview and exploratory study. J Trauma Stress
1995;8:505–525
Hackmann A, Ehlers A, Speckens A, et al. Characteristics and content of
intrusive memories in PTSD and their changes with treatment. J Trauma
Stress 2004;17:23–40

1647

