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Purpose: The aims of this systematic review were to identify the study protocol of Virtual Reality Therapy (VRT) and
review the effect of VRT among patients with Post-Traumatic Stress Disorder (PTSD). Methods: This review followed
the guideline of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). A systematic
literature search was conducted using 12 electronic databases including gray literature with no limit of publication year.
Search terms included relevant terms regarding “PTSD”, “trauma”, and “VRT”. Among 265 studies extracted through
PRISMA, 20 studies were selected and evaluated for quality assessment using the Risk of Bias tool of Cochrane’s
collaboration. Results: The majority of the literature focused on combat veterans and war situations (95%).Usually,
each session usually took 60~120 minutes of VRT in 10~20 sessions for 5~10 weeks. The VRT equipment and
contents were individually designed considering patients’ traumatic experiences. Most of the studies reported the
positive effects associated to reduced levels of PTSD (80%) and related symptoms, such as, depression (45%) and
anxiety (25%). Conclusion: Based on our findings, further studies are required to evaluate VRT in people with PTSD,
after improving study design and standardizing protocols.
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o] Z3FEHOffice of the Surgeon General (US), Center for
Mental Health Services (US), National Institute of Mental
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PubMed, CINAHL, EMBASE, Cochrane Library, PsycINFO,
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=) - Cochrane of Library (n=26)
- PsycINFO (n=7)
) - Web of Science (n=13)
- RISS (n=55)
' - KISS (n=0)
o - NDSL (n=10)
e
]
:
a9
A 4
-
Records after duplicates removed (n=215)
Y
es! v
qu
= Records screened Records excluded due to screening titles and abstracts
< (n=215) " (n=179)
-
v
) Full-text articles assessed for p Full-text articles excluded, with reasons: (n=16)
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- A study that cannot be verified in full-text (n=1)
":: - Samples including non post-traumatic stress disorder (n=6)
3 A - Outcome measures that did not include symptoms of
& post-traumatic stress disorder (n=4)
~ Studies included in qualitative - Case studies, protocol studies, reviews or trials that did not
synthesis (n=20) include virtual reality therapy (n=>5)
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Figure 1. PRISMA flow diagram for study selection.
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A. Graph of risk of bias

B. Summary of risk of bias

Risk of bias

Domain Description Rothbaum Ready Difede Josman Wood Rizzo Rizzo McLay McLay McLay Bang
(2001) (2006) (2007) (2008) (2009) (2009) (2010) (2010) (2012) (2014) (2020)
Selection of Selection bias caused by
. in adequate selection High High High High High High High High High High High
participants s
of participants
Selection bias caused
Confpundmg confl'rmatlf)n and Low  Unclear High High High High Low High Low Low Unclear
variables consideration of
confounding variable
Performance bias
Intervention caused by inadequate
exposure measurements of Unclear Low Low Low Low Low Low Low Low  Low Low
(exposure)
measurement  intervention
(exposure)
Blindingof  Detection biascaused
outcome blinding of outcome Unclear High High High High High High High High High High
assessment
data
Attrition bias caused by
Incomplete 1nz{dequate handling Low  Unclear High High High Unclear Unclear High Low Unclear High
outcome data  of incomplete
outcome data
Selective Reporting bias caused
outcome by selective outcome High  Unclear Unclear Unclear Unclear High Unclear High High Unclear High
reporting reporting

C. Summary of risk of bias for non-randomized study

Figure 2. Risk of bias graph and summary.
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3. MRz 22O

H A7 HFEH AN AR E 2P TA B2 FA7IEL
SARE, SAS, 287 E AR, SA AT B, 7HE
A 717], 7MY SN2 R 28k Al A5 TH(Table 1).
SA7170E 55 o4} 105 m]Rto] 8% (40%), 105= o]0l 4
(20%), 717H= T AISHA] 2 =3 o] 8 (40%)°] Ut AR
E 2500 13] Al 2ol 18 (5%), F 13] A&7t 230
43 (20%), 5 13] o4 Al 53 £ 0] 78 (35%) 1 o™, A

HEE BIskA] of2 ZF 0] 7 (35%) 0]t 71 2] 18 (5%)
21342 FAE S AlFst, TA REE Bud o7
7hgleh. SA 371 13717 Alggt 4 o] 1#(5%), 23]7]
o4} 103]7] w9t Al53t ZF o] 3H(15%), 103]7] o4 203]
7] w)gk A&3t E3 o] 14H(60%)0]l o, A 37|15 B
SHA] 92 23 0] 23 (10%) 01 AT} S A A7 60+ w]Tto] 2
H(10%), 602 o} 1205 o]sh7k 158(75%)0l9 o], 54
A7FS B33k gk Belo] 37 (15%)0) 9tk 24 A2 e
NI FAE AT ZF ol 17H((85%), NS At At
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£ B 1skA] gh& 3 o] 158 (5%) 0]}t

2F B4 2FE 2089 ZAA SUHE 7HFEA
Ag 22399 = 44 JE AT 35289
e}, 283 t] AEH o] (Head-Mounted Display, HMD)
718ke] 2% 149 (70%) B i TS 0] 7|6 Al &9
ol¥ 6H(30%) = FEE 1 ooz YT E g
F85F £%7](Photo-Plethysmography, PPG), ¥|3} &3
7] (ElectroEncephalogram, EEG) 2} Z+-2- u}-0] 2. 1 =1l (bio-
feedback) 1218 o 510] A2 4 4HS-2 2 @771 5
H(25%)0lith. 7Aoo 2 HE 7MFAA 7]7] ZrojatelA
AZHE A28 Al Eea 9l.om, 73 (35%) 2 J 24 A, 9
HES%) L ZZH(AE) AT, 6HE0%) S F21E 43S T
Azt

FA Al AHEEE 7MY A ERl 2= oAb A A vhS
2 2= 7 0 2 A E EMMA's world software
£ A& E30] 1 (5%), ¥4 =22t ¥ E Bus World
softwareS AME-gt £310] 1H (5%), World Trade Center H]
el #AH Vega VR softwareE A3 30| 18 (5%),
u] ol A Al Fshe A B /M EAX R 22 WS A
&3 3 0] 2H(10%), ol2t=2d W ofZ7YATA T}
% Virtual Iraq/ Afghanistan softwareE A8t £30] 7
H(35%), HIEGHT} A 7HEEES AlFe £30] 3¢
(15%), 71 9] 7Mee] AR S AT TH ol 4H(20%), =
W AR oA Al gshs 7HEEA e g Ed=
E AHEE ZE Ol 18 (5%) o2 11 FH7F bttt

7HEAA R 22099 3)7|E 4 Y& FAHe=
AR 215 (70%) 01 2™, 71 9] 53 (30%)2 371 8
T4 W82 BIstA] Futh 7HE AR ' 22O 7} 3
71 E 4 W M EAARY S A R e Sl
Table 20| A A5}t 7HdAA X & Z2a3L 7HIE A7
WS o] & AT =S A7 o=, AP A EF H AA Y
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Table 2. Process of Virtual Reality Therapy Sessions in the Selected Studies (N=20)
Ist Author st 2 3 S4 S5 S6~S8 59 sl0  sl1 sI2 >513
(year)

Rothbaum  Orientation VR exposure (2 vietnam VR exposure (vietnam environment & triggered memories, S4~S5)
(2001) Breath training environments) Communication and feedback with therapist
VR exposure (neutral ~ Monitoring (recording SUDS  Imaginal & VR exposure (after S5)
environment) every Sminutes) Monitoring (recording SUDS every 5minutes)
Breathing exercises Breathing exercises
Up to S16
Ready Orientation Initial VR exposure (traumatic  Adjusting stimuli intensity (15~20 minutes Additional sessions or
(2006) Clinical interview environments) before starting the VR exposure) post-treatment assessment
Initial VR exposure Take cassette and practice VR exposure (30~45 minutes) Follow-up assessment (at 3 or
(neutral imaginal exposure Focus on the specific individual traumatic 6 months)
environment) (homework) memories Up to S20
Breath training Monitoring (recording SUDS every
5minutes) and observation
Feedback
Take cassette and practice imaginal
exposure (homework)
Difede Orientation Self-report measure Evaluation
(2007) Education Adjusting stimuli intensity Relapse
Relaxing training VR exposure (45 minutes) Pprevention
Clinical interview Monitoring (recording SUDS every 5 minutes) Up to S14
Self-report measure
Josman (Precise information was not described.) N/A
(2008) Exposure for 90 seconds to the first level
VR exposure (depicted 4 levels)
Monitoring (recording SUDS after each session)
Wood (2009) Orientation (S1~S2) Review previous session (20minutes) N/A
Meditation training Meditation training, attention training (20~40minutes)
Attention training VR exposure (20minutes)
Clinical interview Monitoring (recording SUDS every 5minutes)
Debriefing (20minutes)
Feedback
Rizzo (2009) Education Orientation  Self-report Self-report measure (S5, S7, S9, S10) N/A
Breath training In vivo measure VR exposure (traumatic environments)
Clinical interview exposure VR exposure  Monitoring
(neutral Listen to the audiotape of previous
environment,  sessions (homework)
25minutes)
Gamito Assessment VR exposure N/A
(2009) Assessment (S5)
Rizzo (2010) Education Orientation  Self-report Self-report measure (S5, S7, S9, S10) Self-report measure (3-month
Breath training In vivo measure VR exposure (traumatic environments) after)
Clinical interview exposure VR exposure  Monitoring
Imaginal & in  (neutral Listen to the audiotape of previous
vivo environment,  sessions (homework)
exposure 25minutes)
(homework)
Roy (2010)  Orientation VR exposure (45minutes)
Education Monitoring
Relaxation techniques fMRI scanning
Clinical interview >512
Imaginal & in vivo exposure
Ready (Precise information was not described) N/A
(2010) Clinical interview
VR exposure (did not include individual's traumatic experience)
Adjusting stimuli intensity
Monitoring (recording SUDS every 5minutes, body language)
Gamito Clinical interview VR exposure N/A
(2010) Education Self-report measure
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Table 2. Process of Virtual Reality Therapy Sessions in the Selected Studies (Continued) (N=20)
Ist Author s1 82 s3 S S5 S6-88 9 S0 s11 S12 >513
(year)

Botella Clinical interview Imaginal & VR Relapse Additional sessions (If N/A
(2010) Education exposure (90 prevention  a patient needed it)
Breath training minutes)
Cognitive restructuring
Imaginal & in vivo exposure
MCLay (Precise information was not described.) N/A
(2010) VR exposure
Monitoring
Patients faced their socially related trauma as homework (ex. eating with others, calling loved ones)
McLay Orientation Attentional VR exposure (traumatic environments)
(2011) Clinical interview and Monitoring
Education autonomic  Cognitive restructuring
Meditation and control Relaxation practice (homework)
attention control training Up to 520
Relaxation practice Education
(homework) Relaxation
practice
(homework)
McLay Clinical interview Education VR exposure VR & Prolonged exposure (traumatic Additional sessions
(2012) Education In vivo (45 minutes) environments, 45 minutes) If a patient needed it, up to
Breath training exposure Debriefing Adjusting stimuli intensity S15
Verbal recount the trauma experience (S6)
McLay Orientation Meditation Attentional training (10 VR exposure (traumatic N/A
(2014) Clinical interview and minutes) environments, S7~510)
Meditation and attentional VR exposure (S3~56, 20 Adding stimuli from the
attention training training minutes) patient's narrative (S10)
Adjusting stimuli intensity Debriefing
Debriefing (10 minutes) (1) in the open label
study: fixed number of
sessions (5, 10, 15, 20)
(2) RCT: fixed number of
10 weeks
Norr (Precise information was not described.)
(2018) VR exposure
Assessment (S1, S5, end of the treatments)
Schewizer  (Precise information was not described.)
(2018) Orientation
Assessment
VR exposure
Baseline levels of emotional responses were obtained during watching a 5~minutes film clip of landscapes (physiological measures,
self-report)
Complete the intrusive memory questionnaire (following day)
Debriefing (one week later)
Reger (2019) Education Education VR exposure (imaginal & prolonged, traumatic N/A
Breath retraining Breath environments, 30~60 minutes)
retraining Monitoring (recording SUDS from the first 30 minutes)
In vivo In vivo exposure (homework)
exposure
(homework)
Bang Assessment N/A
(2020) Measurement of EEG
and PPG (both

pre-treatment and
post-treatment,
Iminute)

VR exposure

S=Session; VR=Virtual reality; SUDS=Subjective Units of Distress Scale; fMRI=Functional magnetic resonance imaging; PPG=Photo-plethysmography;

EEG=Electroencephalogram.
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Appendix 3. Major Findings of the Selected Studies (N=20)

ID

Istauthor
(year)

Major findings

1

2

10

11

Rothbaum (2001)

Ready (2006)

Difede (2007)

Josman (2008)

Wood (2009)

Rizzo (2009)

Gamito (2009)

Rizzo (2010)

Roy (2010)

Ready (2010)

Gamito (2010)

(a) PTSD-related symptoms indicate a statistically significant decrease (p=.002), and all participants
interviewed in the six-month follow-up survey were 15~67% reported decline (p <.02)

(b) fewer intrusive thoughts (p <.05) and somewhat less avoidance

(c) VRET holds promise for treating PTSD in Vietnam veterans

Combined with sample results obtained from a follow-up study of Rothbaum (2001)

(a) following treatment after treatment, CAPS and IES were significantly reduced (at 3 months, CAPS
was not statistically significant)

(b) significant decrease in BDI (at 3 months, significance could not be confirmed) during 6~month
follow-up observations after treatment

(c) treatment effect is maintained for 10 of 11 patients who have completed all follow-up

(d) increased convenience for both the therapist and patient

(e) increased control over the exposure experience

(f) VRET is a more engaging environment than that which can be obtained with imaginal exposures alone

(a) significant interaction of time by group (p <.01) with a large effect size of 1.53

(b) VR group showed significantly greater post-treatment decline in CAPS scores compared to the
waitlist

(c) 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

(a) as the level of VR exposure increased, significantly increased in the level of distress
(b) addition of sound effects contributed to the VRE for emotional response

(a) PCL-M scores were significantly reduced (p <.01)
(b) significant decrease in PHQ-9 and BAI scores (p <.02)
(c) VRT could save estimated training costs of approximately $136,090 rather than traditional treatment

(a) PCL-M scores were significantly decreased (p <.001)

(b) post-treatment and 3 months after f/u, BAI and PHQ-9 scores were significantly decreased (p <.003;
p<.002)

(c) total of 20 participants were dropout

(a) reduced obsessive-compulsive accidents in SCL-90R (p < .05)

(b) SCL-90R reduces all but hostility and psychosis

(c) 65% of patients agree to participate in VR and 62% report no negative impact after participating
(d) effective for avoidance, intrusion, hyper-arousal, and other psychopathic symptoms

PCL-M significantly reduced (not analyzed statistically)

CAPS, PCL-M, BDI scores were decreased in post-treatment (not analyzed statistically)

(a) no statistical significance of CAPS and BDI scores in time and treatment conditions due to the small
sample size

(b) significantly improvement in CAPS scores from pre-treatment to post-treatment (p <.05) and from
pre-treatment to 6~month f/u (p <.05)

(c) there was no significance in BDI score

(a) after the treatment, SCL-90R depression subscale and BDI scores were significantly decreased in VRT
group (p=.011; p=.003)

(b) several dimensions (somatization, anxiety, psychopathology) of SCL-90R were improved after the
treatment (p <.01; p <.05)

(c) ITC-SOPI result indicated that 65% of patients agree to participate in VR and 62% report no negative
impact after participating
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Appendix 3. Major Findings of the Selected Studies (Continued) (N=20)

ID

Istauthor
(year)

Major findings

12

13

14

15

16

17

18

19

20

Bottella (2010)

McLay (2010)

McLay (2011)

McLay (2012)

McLay (2014)

Norr
(2018)

Schewizer (2018)

Reger
(2019)

Bang
(2020)

(a) E: CBT + EMMA

a) reduced of CAPS score in post-test; b) reduced DTS score; c) reduced PTCI score
(b) C: CBT group: Reduced DTS core from post-test
(c) CBT + EMMA combined treatment is more effective

(a) improving PCL-M scores before and after VR interventions

(b) no patients complained of side effects of VR treatment

(c) no post-VR symptoms deteriorated

(d) improved scores of depression and anxiety before and after VR interventions
(e) no difference in effectiveness between VR and traditional groups

(f) VR treatment is effective for PTSD, anxiety, and depression.

significant difference in the mean CAPS change score over the course of treatment (p <.05)

(a) 12~15 session (more than 10 weeks) felt useful Protocol by the subjects
(b) PCL-M scores improved after intervention in 3 months

(c) PHQ-9 scores improved after intervention in 3 months

(d) BAI scores improved after intervention in 3 months

(e) VR treatment is effective for PTSD, anxiety, and depression

(a) negative correlation of PTSD symptoms with emotional stroop

(b) depression scores correlate with anxiety scores

(c) depressive level correlates negative with concurrent stroop

(d) residual PTSD symptoms are correlated with concurrent, emotional, and neuropsychiatric stroop
(e) VR-GET has a significant effect on improving PTSD scores and anxiety scores

(f) VR treatment is effective for PTSD and anxiety

(a) mid-treatment and after the treatment, CAPS and BDI-II scores were decreased in PE/VRE groups
relative to the control group
(b) SI scores were not significant

(a) levels of intrusion, hyperarousal and avoidance sub-scales as well as the total IES-R scores were not
significantly different between VR and control group after the treatment.

(b) total score of adaptive/maladaptive coping behaviors significantly different between VR and
control group (p <.001). VR group indicated more adaptive coping behaviors.

(a) no significant differences between the VRE and PE groups on mean SUDS during in-session
exposure

(b) group-average mean and peak SUDS scores decreased over time for both the PE and the VRE
treatment groups

(c) no interaction between treatment assignment and change in either the mean or peak SUDS

(a) significantly reduced post-traumatic stress (t=2.86; p=.005)

(b) significant reduction in job stress (t=3.75; p <).001)

(c) self-elasticity significantly increased (t=-2.71, p=.007)

(d) significant reduction in somatization symptoms (t=4.72, p <.001)

E=Experimental group; C=Control group; PTSD=Posttraumatic stress disorder; VRET=Vitual reality exposure therapy; CAPS=Clinician
Administered PTSD Scale; IES=The Impact of Event Scale; BDI=Beck depression inventory; VR=Virtual reality; VRE=Virtual reality exposure;
PCL-M=Posttraumatic stress disorder checklist: military version; VRT=Virtual reality therapy; PHQ-9=Patient health questionnaire 9 item
depression module; BAI=Beck anxiety inventory; f/u=follow-up; SCL-90R=Symptoms check list-revised; ITC-SOPI=ITC-Sense of presence
inventory; CBT=Cognitive behavioral therapy; DTS=Davidson Trauma Scale; PTCI=Posttraumatic cognitions inventory; PE=Physical
education; SI=Suicidal ideation.
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