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Abstract

Background: There is a lack of cost-effective solutions to improve mental wellness, anxiety, for anyone seeking medical or
dental procedures, chemotherapy, or even MRI. Not much data exists on mental wellness solutions for patients, either pre-
or post- procedure. In addition, uncontrolled anxiety can lead to physiological side effects of tachycardia, excessive bleeding,
pro-longed procedure, care avoidance and decreased health. Prior research has shown some success using Virtual Reality
interventions for improving anxiety disorders. This study further examined an innovative VR relaxation intervention aiming
to decrease anxiety in dental patients.

Methods: After IRB approval 20 dental patients participated in the study. Participants completed a 10-item STAI
questionnaire and then spent 10-15 minutes immersed in a relaxing virtual environment. Participants then filled out another
10-item STAI questionnaire, the Corah’s Dental Anxiety questionnaire, and a user experience questionnaire.

Results: There was a high significant decrease in anxiety between pre-intervention (M=18.53, SD=4.29) and post-intervention
(M=15.63, SD=3.63) measures (p<0.01). User acceptance was high, with a large majority of patients reporting feeling relaxed
and wanting to use the virtual reality technology again.

Conclusions: These results suggested the novel VR wellness technology can be very effective at reducing pre-dental
procedure anxiety in patients. This intervention can be beneficial in the field of anxiety reduction.
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1. Introduction

Anxiety has been extensively studied in the mental health and wellness fields. Prominent theories have separated anxiety into

a “state” dimension-anxiety at the present moment-and a “trait” dimension, which refers to dispositional anxiety [1-3]. Dental
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anxiety (DA) is a specific form of trait anxiety associated with the thought of visiting the dentist for preventive care or dental
procedures [4]. Anywhere from 50% to 80% of adults in the United States experience mild to severe dental anxiety [5].
Higher DA leads to avoidance of dental care, as well as deteriorated quality of life and oral health in adult patients [6].
Patients with DA visit the dental office only in acute emergency situations. They must receive intensive and traumatic
treatment procedures, which further reinforces their DA and leads to complete avoidance of care. Consequently, patients with
mismanaged DA enter a vicious cycle of DA, delayed visiting, dental complications, and painful treatment. Thus, DA is
widely considered a significant challenge for both patients and providers in oral healthcare. There remains a great need for
the development of an effective alternative to analgesic interventions for DA, which are costly and often accompanied by
side-effects [4].

There is growing evidence that virtual reality (VR) has the potential to greatly improve various aspects of mental health and
well-being. The immersive and interactive nature of VR can be employed to improve existing mental health interventions
because it gives users increased sensory input and a sense of "presence," which help decrease distressing thoughts and
emotions [7]. VR has been used to enhance the treatment of generalized anxiety, substance use disorders, and other
psychiatric disorders in various non-dental populations [8]. A recent review found promising results for the effectiveness of
VR in decreasing stress, reducing distress, and improving mood [9]. For example, Yu et al. immersed healthy participants in
either an urban environment or a natural, forest environment. While the urban environment had no effect on mood, the
natural environment significantly reduced self-reported fatigue, tension, and depression [10]. Similarly, Riva et al. used an
immersive, interactive virtual park system designed to elicit either anxiety (through darkness and ominous sounds) or
relaxation (through natural light and relaxing sounds). The environments successfully induced both self-reported anxiety and

relaxation [11].

Despite the high prevalence of DA in the United States, and the proven effectiveness of VR, researchers have devoted
insufficient attention to implementing VR in order to reduce dental anxiety. The majority of studies have focused on using
VR as a distraction from pain during dental procedures [12-15]. Tanja-Dijkstra et al. evaluated the effectiveness of a VR
environment of a coastal nature area to distract participants during simulated dental treatment. The VR distraction reduced
the vividness of dental patients' memories a week after the procedure, but no measures were taken regarding mental state or
anxiety [16]. Several studies in recent years, however, have supported the efficacy of VR exposure therapy in the treatment of
dental phobia, a condition related to DA [17-19].

The VR relaxation intervention employed in this study has previously been tested on cancer patients and student athletes.
After being immersed in VR-R, 92% of the sample of cancer patients felt relaxed, 90% experienced a reduction in anxiety,
and 88% felt reduction in fear [20]. The intervention also had positive effects on student athletes, with 75% reporting that
they felt relaxed and 90% stating that they would use it again [21]. The VR-R intervention has been shown to be effective in
inducing relaxation and reducing negative mental conditions but has not yet been assessed in a dental context. Lin, Wu, and
Yi have established a strong association between trait dental anxiety and state anxiety during dental visits, and there is
evidence that assessing state anxiety is critical to managing anxiety for high-DA patients, as well as pain control for all dental

patients [6]. Thus, state anxiety (SA) is an effective measurement for changes in anxiety levels prior to dental procedures.



www.yumedtext.com | November-2019

The present study aims to determine the effects of a pre-treatment VR relaxation (VR-R) intervention on subjective relaxation
and state anxiety (SA) in dental patients.

2. Methods
2.1 Study review

The study was reviewed and approved by the Western Institutional Review Board (Western IRB) on June 6™, 2019. Study
Number: 1260154. IRB Tracking Number: 201191357.

2.2 Participants

Twenty-one adult dental patients receiving treatment from the Dr. Tandya’s dental office in Beverly Hills, California were
recruited in person during the month of July 2019. One participant dropped out, resulting in a sample size of n=20 total
participants. Of the total participants, 9 were Male, 10 were Female, and 1 did not indicate their gender. Participant ages
ranged from 20-66, with an average age of 41. Patients who were over 18 years old, had normal or corrected to normal
vision, and provided written informed consent were selected for participation and compensated with a $30 gift card. Patients

with pre-existing history of seizures and/or who did not take medication for their seizures were excluded from the study.

2.3 Equipment

The Oculus Go headset with head tracking technology was utilized to deliver the VR-R intervention. Users were asked to
spend 10-15 min in a virtual environment (VE) in the WORLDS application, which is designed by IFGworld™. The “Onsen”
environment was chosen for this study due to historical and scientific evidence that hot springs have relaxing, therapeutic
properties [22,23]. The VE depicted a hot spring, with a sunset and falling snow, populated by trees and an interactive rubber
duck. 360-degree audio of rushing water also functioned as a primary feature of the VE (FIG. 1).

FIG. 1. The virtual environment used in the study. This is the “Onsen” environment from the VR app WORLDS by
IFGworld.
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2.4 Study procedure

All subjects were taken through the informed consent process prior to the study. A within-subjects design was employed to
assess the effectiveness of the VR intervention in reducing state anxiety and increasing relaxation before receiving dental
treatment. Volunteers completed a set of pre-intervention questionnaires that included demographic data and the first 10
items from the State-Trait Anxiety Inventory for Adults (STAI). Volunteers then received the VR-R intervention while sitting
in a chair in the waiting area of the dental office for 10 minutes (FIG. 2). Afterwards, post-intervention questionnaires were

administered consisting of the last 10 items from the STAI, Corah's Dental Anxiety Scale, as well as subjective user

rw

experience questions.

FIG. 2. The participant uses the VR for 10-15 minutes while sitting and waiting to be called for dental treatment.

2.5 Data coding

For cases in which participants circled two adjacent answers, the response was assumed to be in between those two answers,
and thus the mean was taken. Overall scores were obtained for the dental anxiety scale based on the scoring guidelines. The
guidelines for the State Anxiety scale were used to obtain pre-intervention and post-intervention anxiety scores ranging 10-

40, as opposed to the traditional range of 20-80 for the full scale.

3. Results

19 participants completed all portions of the survey. One participant did not complete the pre-intervention STAI
questionnaire due to experimenter error. This participant’s data was excluded from the State Anxiety analysis (n=19) but
included for all other analyses (n=20). Of the 20 participants, 80% of participants indicated that the VR intervention helped
them relax or reduce their anxiety/negative feelings prior to the dental procedure and 75% said that they would want to use
IFGworld VR environments the next time they came to the dentist’s office, 75% said the technology made their experience
more relaxing than usual, and 75% indicated that they would continue to use the VR technology after their visit for the
purposes of general wellness. 75% reported no adverse effects. 20% (n=4) experienced mild nausea, and 5% (n=1) self-

reported an adverse effect of “confusion/disorientation”. With regards to dental anxiety, 35% of participants scored low for
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DA (n=7), 40% showed moderate DA (n=8), 5% showed high DA (n=1), and 15% showed severe DA). On the user

experience survey, 85% (n=17) reported that the app was easy to navigate, and 90% (n=19) reported that the controls were
easy to understand.

A paired two-tailed t-test was performed excluding the participants who experienced adverse effects (n=15) and there was a
highly significant difference between pre-intervention (M=18.53, SD=4.29) and post-intervention (M=15.63, SD=3.63)
measures (t (14) = -3.19, p<0.01, 95% Cl=-4.85, -0.95) (FIG. 3). A two-tailed paired t-test was performed comparing pre-
intervention anxiety scores to post-intervention anxiety scores for all participants. There was not a significant difference
between anxiety levels in the pre-intervention (M=18.26, SD=4.33) and the post-intervention (M=16.45 SD=4.32)

measurement periods (t (18) = -1.52, p=0.15, 95% Cl= -4.32, 0.692). However, there was a general trend towards decreased
anxiety.

The Effect of a VR Relaxation Intervention on Anxiety

in Dental Patients
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FIG. 3. The effect of VR-R intervention on anxiety (for participants without adverse effects).

Of the participants who experienced adverse effects, one showed a decrease, two showed an increase, and one showed no
change in state anxiety levels. The average DA score for participants who had adverse reactions to the VR was 13.00,
compared to 9.26 for those who did not experience adverse effects, and 10.20 for the sample overall. 33% of the total
participants with severe DA scores (n=1) saw a decrease in anxiety and no adverse effects.

4. Discussion

There is a lack of cost-effective tools to improve mental wellness in the healthcare facilities, specifically to help patients cope
with anxiety pre-procedure. Many studies have shown the potential of virtual reality to improve anxiety, but the costs of such

technology have always been challenged. In the past the cost of head mount and software was not effective for scalable
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treatments. Current advancement in using mobile VR light weight headset and the development of app in the head mount has
created a great opportunity to scale product and decrease costs. Current study used the mobile Oculus Go and the software
from Worlds™ app in the Oculus store. The Worlds™ was created from many environments for relaxation. Current study used
“Onsen” environment to be consistent for all subjects. The data from this study illuminates the benefits of this particular VR-
R intervention for pre-dental procedure for patients. Given the demonstrated possibility of adverse effects such as nausea and
disorientation, this intervention should be administered with care and caution. The data gives the impression of a relationship
between high/severe Dental Anxiety scores and the likelihood of experiencing adverse effects in VR. The participants who
experienced adverse effects had on average higher DA scores; however, one out of three participants with a “severe” DA
score did not experience any adverse effects and experienced anxiety reduction and relaxation benefits. Due to the conflicting
data and very small sample size, more research is required to make confident claims about the effects of this intervention on
individuals with high or severe DA. Future studies should screen for patients with high or severe DA scores to further explore
the risks and benefits of this technology for higher DA populations.

This intervention provided anxiety reduction benefits to the vast majority of participants. While the reduction in anxiety was
not quite statistically significant for the population as a whole, it was highly significant among the participants who did not
experience adverse effects. Experiencing adverse effects appears to, reasonably, take away from the benefits of the
intervention. Additionally, user acceptance was relatively high for this intervention, with a large majority of patients self-
reporting feeling relaxed and wanting to use the technology again in a dental or non-dental setting. This provides impressive
evidence for the effectiveness of this intervention.

The use of VR in clinical settings for anxiety reduction is still relatively new, and more testing is required to better
understand the risks and benefits of using this technology. This study offers a strong case for the capacity of the IFGworld
VR relaxation application to reduce pre-dental procedure anxiety and aid in relaxation for patients in a waiting room setting.
If patients’ pre-procedure anxiety is reduced through the use of VR-R, patients may have less side effects and complications
during and after the dental procedure. In addition, he or she can be less avoidant of seeking dental care, leading to

improvements in oral health and quality of life overall for patients [6].

This intervention could thus benefit patients” overall health, also benefiting the dental offices that utilize the intervention by
increasing the number of appointments and decreasing cancellations. Future study should expand patient’s population, uses
of different VR environments, and explore the generalizability of these findings to other clinical applications, examining

factors such as preoperative anxiety or illness-related anxiety in other patient population.
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