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Abstract

Background

Dental anxiety and anxiety-related avoidance of dental caetecsggnificant problems fq
patients and the dental profession. Distraction interventions arerudady medical practic
to help patients cope with unpleasant procedures. There is evideneggbatire to natur
scenery is beneficial for patients and that the use of virtaéity€VR) distraction is mor
effective than other distraction interventions, such as watchiagiggn. The main aim ¢
this randomized controlled trial is to determine whether the use of VR during tleatanent
can improve the overall dental experience and recollections oimeaatfor patients
breaking the negative cycle of memories of anxiety leadirfigrtber anxiety, and avoidan
of future dental appointments. Additionally, the aim is to test wheihe benefits dents
patients with all levels of dental anxiety or whether it couldebpecially beneficial fq
patients suffering from higher levels of dental anxiety. Thealthim is to test whether t
content of the VR distraction can make a difference for itc#fEness by comparing ty
types of virtual environments, a natural environment and an urban environment.

Methods/design

The effectiveness of VR distraction will be examined in patiéBtyears or older who are

scheduled to undergo dental treatment for fillings and/or extractiotisa maximum lengt
of 30 minutes. Patients will be randomly allocated into one of thiagpg. The first grou
will be exposed to a VR of a natural environment. The second groupengkposed to a V
of an urban environment. A third group consists of patients who restrelard car
(control group). Primary outcomes relate to patients’” memorigleotlental treatment o
week after treatment: (a) remembered pain, (b) intrusive theugmd (c) vividness (¢
memories. Other measures of interest are the dental expetieadeeatment experience g
the VR experience.

Trial registration

Current Controlled Trials ISRCTN41442806
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Background

Results from the latest National Health Service (NHS) Abelhtal Health Survey showed
that over a third of adults (36%) suffer from moderate dentaegnand another 12 percent
from extreme dental anxiety [1]. Managing dental anxietge®gnized as an important issue
in dental practice [2], since many people avoid or delay dentalbsrause they experience
fear and anxiety [3], and the expectation of pain is seen asca baajier to seeking dental
care [4]. Patients with dental fear tend only go to the denti@nwhey experience pain,



thereby increasing the chance that their visit to the demtishvolve pain and exacerbating
their anxiety [5]. Dentists themselves suffer from heightenedordifort when treating
anxious patients [6]. Alleviating dental anxiety may also redpeeceived pain and
unpleasantness [7], which may facilitate the work of dentist@htal anxiety and anxiety-
related avoidance of dental care thus create a significant prdbleboth patients and the
dental profession.

Previous poor medical experiences have been associated with amndepain [8] and this
may negatively impact the likelihood of patients complying with tequired frequency of
dental appointments. Moreover, anxious patients are less likely totlkerpappointments
[9], take longer to treat when they do attend, and afterwarddefeelsatisfied with their
treatment [10]. Armfield and colleagues [5] provided evidencehiereixistence of a vicious
cycle of dental anxiety. They demonstrated that people with higtaldear are more likely
to delay dental treatment, which leads to more extensive damotalems and symptomatic
visiting patterns, which in turn feed back into the maintenance aseelation of existing
dental fear. Moreover, dental anxiety is associated with theriepde experience negative
or threatening thoughts concerning treatment [11].

Heightened emotion and arousal during an event increases thieodcelof recollections of
the event being triggered uncontrollably by situational cues [12]gexample, a whiff of
antiseptic that triggers thoughts about dental treatment. Atteatptsuppressing these
intrusive thoughts tend to be counterproductive [13]. Once triggered, intthswghts tend
to be elaborated [14]. For example, an intrusive thought about going tiethist might lead
to the patient imagining how uncomfortable the next visit is goingetoAlscording to the
elaborated intrusion theory [14], the imagined experience not onlyasuthe sights and
sounds of the experience but incorporates the actual emotions askowitte that
experience. This project aims to break this cycle of dentalegnkiy providing pleasant
imagery during dental treatment that distracts patients freatment. We hypothesize that
this imagery will block the development of intrusive memories ofdretal experience, and
render voluntary memories of the experience less vivid and lessvemiat particular, we
expect remembered pain to be less intense.

There is a growing body of research that provides evidence that pipyidsitive distractors
in healthcare environments can impact health-related outcomes, sacikxiety and well-
being of patients (for reviews, see [15,16]). Another review conclutkdviewing nature
scenes might decrease pain perceptions by eliciting positiveiogralotresponses and
decreasing stress levels [17]. Research on restorative envirtssigggests that certain
environments, especially natural settings [18], are better at prggnetcovery from stress.
Lohr and Pearson-Mims [19] studied whether the presence of indoor plauks increase
pain tolerance. Participants were placed in either a room watitgpla room with non-plant
objects (as visually distracting as the plants), or a contomr(no objects). A larger
proportion of respondents in the room with plants were able to keephtralrin iced water
for 5 minutes as compared with the participants experiencing theaath@itions, suggesting
increased pain tolerance by exposure to indoor plants. Both statheducing real nature
and studies using artificial nature interventions (for example, pysthow positive effects
on patient outcomes [20-22]. Using nature to provide distraction in thel dénta might
thus lead to beneficial effects on the patient experience.

A variety of distraction interventions are used in daily medicatfpre to help patients cope
with unpleasant procedures; these include watching televisioliséening to music [23,24].



We selected virtual reality (VR) as a vehicle for presentiatyre to patients during dental
treatment, based on evidence from a case study in dentistry shthaingxposure to VR

distraction is more effective in offering pain control than exposura video or a standard
care situation without distraction [25].

Virtual reality goggles not only display potentially attraetivisual stimuli to look at, they
also exclude all other visual stimuli in the environment that madfleict the patient. It has
been suggested that, in medical surgical settings, the appearfamac@urse who cleans
patient’s wounds can be strong enough to create anxiety [26]. The addigie, the dentist
with a facemask and the dental instruments might induce anxietysimilar way. Virtual
reality goggles effectively exclude the treatment environnamt are thus a potentially
interesting way of offering distraction to patients. Another reagby VR can be more
effective than other distraction interventions is the difficulsesne people may have in
evoking images that are vivid enough to be effective distractorsAddjtionally, using VR
can offer a feeling of control. Previous research for exampleodsinated that interactive
VR, which offered more control possibilities, was better than ypassiposure in children
[28,29].

Several small-scale studies explored the use of VR in a deatdabxt. A first study
investigated the effects of using an audiovisual eyeglass sy#tatn displayed an
instructional video [30]. Adult patients scheduled for dental prophylswere distracted
during half of their treatment. At the end of the treatment, there asked to compare the
situation with and without the VR exposure. Patients reported tegsty and discomfort
when using the equipment. In another study, patients undergoing pericstmaiitad) and root
planing procedures were exposed to a control situation (only wehengetdgear), a video
(that is, the animation movi@ars) and a VR environment (of a botanical gardersacond
Life) [31]. Both distracters, relative to the control condition, resuitedess pain and
discomfort and lower blood pressure and pulse rate. Moreover, the VR ensmosoored
significantly better on all indicators than the movie.

A range of VR environments has been studied, but a systematic dpproasearching what
type of environment might be more beneficial has not been takenebétoevious VR
research looked at forests [27], a botanical garden [31] and steowgns [32,33] as well as
a variety of video games [28,29,34]. Although natural and game-baseactist showed
benefits, little is known about what sort of VR content is mostcéffe at reducing stress and
creating positive experiences and memories of treatment. Bast# evidence [18-22] that
natural settings are more restorative than built environmentsrebésrch will compare a
natural and an urban virtual environment, to test not only whether Widien is effective,
but also to explore whether the content of the VR can make a difference.

Aims and hypotheses

The main aim of the project is to determine whether the usertaBlvnature during dental

treatment can improve recollections of treatment and the ovdeatal experience.

Additionally, we will look at the moderating role of patients’ bemelevel of dental anxiety

in these effects. A third aim is to test whether the contethieo#/R distraction can make a
difference for its effectiveness by comparing two typewidbial environment, a natural

environment and an urban environment.



Objectives

1. Determine the effectiveness of VR in improving recollections of tredtarel the overall
dental experience.

2. Determine the role of patients’ level of dental anxiety and test whathesé of VR could
be especially beneficial for patients suffering from dental anxiety.

3. Determine any effect relating to the content of the VR.

Overall hypotheses:

1. Virtual reality exposure will lead to less intrusive thoughts, less vividanes) less
remembered pain and better overall dental experiences.

2. Dental anxiety will moderate the proposed effects under hypothesis 1. Ratibemtere
dental anxiety will benefit more from the use of VR than patients with lesd dentaty.

3. The natural VR environment will be more effective than the urban VR environment.

Additional predictions

Treatment experience

Compared with standard care, VR exposure (in general) wdl tedess self-reported: (1)
pain, (2) discomfort and (3) stress. It will also lead to (4) a&taaverage heart rate (an index
of physiological stress) and (5) an underestimation of time edlageflecting the ability of
the VR environment to engage patients). For all of these outcomédsrtihver predicted that
the natural VR environment will produce more positive outcomes tharurthen VR
environment. Additionally, we predict that (6) the use of VR wildlea more perceived
control.

Dental experience
Patients exposed to VR environments will show (7) lower subsequel# té\aental anxiety

than those exposed to standard care and (8) improved intentions tothevsirgery. Again
we hypothesized that these effects would be greater in the natural than in the urban VR

Virtual reality experience
The natural VR environment will be perceived as more (9) atteacand (10)

psychologically restorative than the urban environment. Moreover, (RLEXposure will
lead to a reduced awareness of the surrounding environment.

Methods/design

Ethics

This study has been approved by the NRES Committee West Midl@wmentry and
Warwickshire (REC Reference 13/WM/0152) and registered with @u@entrolled Trials
(registration number: ISRCTN41442806).



Intervention

Two VR environments will be investigated in this study (Figure ki flrst VR environment
consists of a simulated natural environment. The second VR environmesists of a
simulated urban environment. In both groups, patients will be wearingogBles and will
use a one-handed controller to navigate the environment.

Figure 1 The two VR environments.

A Sony personal 3D viewer headset (Figure 2) will be conneoteh tAlienware gaming
laptop and used to display the VR environment. Participants can walk arotiml virtual
environment by using a Zeemote JS1 thumb stick controllerr@@ju This controller is also

used to look around, since head tracking of the head-mounted device (HMD) will be switched
off.

Figure 2 The head-mounted device (HMD).

Figure 3The Zeemote JS1 thumb stick controller.

Study participants
Eligibility for this study is determined using the following criteria:
Inclusion criteria

1. All patients who are scheduled to undergo dental treatment for fillingsractoms with
a planned maximum treatment length of 30 minutes are eligible to participhéestutly.

2. This includes both referred patients and in-house patients.

3. Both patients who need relative analgesia (RA) and patients who are tricated w
sedation will be included.

4. Patients 18 years or older will be included.

Exclusion criteria

1. Patients who need intravenous sedation cannot participate in the study.

2. Patients who have previously had epileptic seizures cannot participate udiheosting
to the very small risk that an episode can be triggered by using the HMD, sinthiar t
episodes that might be triggered by watching television.

3. If a patient is scheduled for more than one treatment during the trial periodtjené yal
only be included for the first treatment.

Randomization process

Patients will be allocated to one of the three conditions by comgaridomization using the
ralloc command in the STATA software package. Randomization willstbatified by

sedation (RA; yes or no) and the dentist who performs the treafdestiist 1 or dentist 2).
Randomization will be concealed via sequentially numbered opaque sealeldpes and
will be revealed by the dentist or nurse who will start the, \immediately prior to
commencing the treatment.



Sample size

Given the novel approach of this study, there is little comparafdareh available to use for
a sample size calculation. We are also somewhat redtritethe number of potential
patients available within a given time period in the dental pedtowever, we do have data
from our own pilot work in a simulated dental setting, which we haesl @8 make an
informed estimate of the required sample size for the current study.

The sample size calculation (with a power of 0.80, significaeel lof 0.05 and based on 2-
sided testing) is based on one of the main outcomes related tor@gnintrusive thoughts’,
as measured with an 11-point verbal rating scale. In our pilot shelgtandard deviation for
this outcome in our control group was 1.25 and we have conservatively usstinaated
standard deviation of 1.3 in this sample size calculation. Based an dhssmptions, and
comparing the two VR groups against the control group, following @pahdample size of
90 patients (that is, 30 per group) would allow the detection of a betgveap difference of
around 0.82 units (that is, a moderate effect size). Since drop-@utsavoidable when
collecting follow-up data, this number needs to be adjusted for tineagstl drop-out rate. In
our simulation study, we had a drop-out rate of 10% for collectindotlmv-up data, but
since we paid participants for participation in that stualyhugh they received their pay
after the simulated treatment and before participating in thHewkalp interview), we
anticipate a higher drop-out rate for this study, and have allowea 1&% drop-out rate.
Adjusting the sample size for this drop-out rate results in glganh 108 patients needing to
be recruited.

The use of technical computer equipment is associated with khefrischnical failures. In
the pilot study we had to exclude 6 of 75 participants because therag¢Red or the remote
stopped working during the simulated treatment and the participanhavémnger able to
interact with the VR environment. Several improvements in the \6Bram have been made
since, such as putting force fields in place that restricatbée of virtual exploration, but we
still anticipate the exclusion of participants because of tedhissaes. We will therefore
increase the sample size by a further 8%, resulting in laréataiitment target of 120 for this
study (that is, 40 patients per group).

Procedure

This study will include both referred patients and in-house patientsa dental clinic in the
United Kingdom. Since there are some differences in the timingametuling of contacts
between the practice and the two types of patient, two separate procedurssrivedie

Referral patients

Referral patients will receive a letter from the practabout their appointment date in the
post. The patient information leaflet about the study will be inclu@daverage, this is
about 12 weeks before the treatment takes place.

When the patient comes in for a preoperative assessment, informedtceiisbe obtained,

at the end of this appointment. On average, this is 4 weeks befdredtraent appointment.
After obtaining informed consent, and at the end of the preoperasigssasent appointment,
the dentist or nurse will hand a baseline questionnaire to the pdinenpatient will be asked
to complete these questions at the practice before going Heatients will be asked to



complete a dental anxiety questionnaire, reporting their orathhetdtus and anticipated
pain. Completing the questionnaire will take between 5 and 10 minutes.

I n-house patients

In-house patients will have routine check-up appointments at theceractd, if they need
treatment, they will be booked in for a treatment appointmentigibint, they will receive
the patient information leaflet and will be asked for their infediroonsent. Owing to the way
the healthcare process is organized in the practice, a coolipg+adtl at this time for the in-
house patients cannot be provided. However, at this stage of the ttegywill only be
asked to complete a baseline questionnaire. Patients will be @skedfirm their consent
when they attend their treatment appointment, which is on averagey2%ader. This allows
the patient to think about their participation in the trial and ask questions they might
have.

After obtaining informed consent, and at the end of the appointment,ritist @& nurse will
hand a baseline questionnaire to the patient. The patient wilskexl @ao0 complete these
guestions at the practice before going home. Patients will bel askeomplete a dental
anxiety questionnaire, reporting their oral health status andgatgdi pain. Completing the
guestionnaire will take between 5 and 10 minutes.

For both patient groups

Patients will be randomized when they attend their scheduled &efppointment (that is,
after baseline data has been recorded). If a patient debatelse or she no longer wants to
participate in the study, the baseline data will be discarded. \WAdargoing their scheduled
dental treatment, patients will be exposed to either one of fheoviditions (natural or urban
VR environment) or the control condition (usual care). Standard cliprogledures will be
followed and when treatment will be started, patients will eitteethanded a pair of VR
goggles (when assigned to the VR groups) or a pair of protegiigees (when assigned to
the standard care group). Patients in the VR groups will reaeiwxplanation of how to use
the controller by a member of staff. Heart rate will be owad during dental treatment by a
staff member using a pulse oximeter on a finger of the handighabt operating the
controller. The output of the pulse oximeter throughout the treatmembsedll be recorded
by the dentist or nurse. After treatment, staff will record tteatment characteristics and
patient characteristics. The patient will be asked to compleigestionnaire in the waiting
room before leaving the dental practice. This questionnaire takes &Bouatinutes to
complete and consists of four parts; treatment experience, VRienge dental experience
and demographic information. The patient will be provided with an envelope, in which to seal
the questionnaire.

One week after treatment, patients will receive a phonedtailhg which we will ask them
about their memories and dental anxiety. This phone call will be made by dreermémbers
of the research team and will take between 5 and 10 minutes. r&iponding to the
guestions, patients will be debriefed and will be asked if they wikagldo receive the results
of the study. If patients ask questions regarding their clinical cairegdins interview, it will
be tactfully explained to them that the interviewer is notraaiéin and they will be directed
to the practice for a response to any such queries.



Outcome measures

Main study parameters

We developed a questionnaire that assessed intrusive thoughts ekpeeence and
vividness of memories of the experience. This questionnaire is basked Afcohol Craving
Experience Questionnaire [35]. This was developed to assess drasgied) on the elaborated
intrusion theory and measures vividness of memories and intrusive thoughts. Tilengues
measure memories and intrusive thoughts were used in our pilot narkhawed sufficient
reliability in that study (Cronbach’s alpha of respectively 0.69 @8d). They are slightly
adapted to fit the purposes of the current study.

* Vividness of memories will be measured with five items on an 11-point verba) smiale
(VRS).

* Intrusive thoughts about the experience will be measured with three itemslarpaint
VRS.

 Remembered pain will be measured with an 11-point VRS [36].

» Patients will respond to an open-ended question about the three things they remember
most and to indicate, for each of these three things, how pleasant or unpleasant their
thoughts were. They will also be asked how well they remember what the daiatist

Secondary study parameters

The patient will complete questionnaires after their preoperasgessment, immediately
after their treatment and 1 week after their treatment (phalje Table 1 gives an overview
of the measures, and at which time points they will be completediollbeing parameters
will be measured:



Table 1Overview and timing of measurements

Measures Times Completed by Using Where
After preoperative During After Follow-up
assessment treatment treatment
Dental anxiety X (T1) X (T2) X (T3) Patient Questionnaire afteepperative assessment (T1) At the practice (wpithiom) (T1 and T2)

Questionnaire for the patient after treatment (TZ)a phone (T3)
Follow-up questionnaire (T3)

Treatment characteristics X Staff Data recording sheet for staff At thagiice

Patient characteristics X Staff Data recording sheet for staff At thagiice

Self-reported oral health status X Patient Questionnaire after preoperative assest At the practice (waiting room)
Anticipated pain and anxiety X Patient Questionnaire after preoperative assest At the practice (waiting room)
Demographics X Patient Questionnaire for the patient afteatment At the practice (waiting room)
Previous cancellations X

Treatment experience X Patient Questionnaire for the patient afteatment At the practice (waiting room)
Stress (physiological) X Staff Pulse oximeter In treatment area

Virtual reality experience X Patient Questionnaire for the patient afteatment At the practice (waiting room)
Dental experience X Patient Questionnaire for the patient afteatment At the practice (waiting room)

Memories (follow-up) X Patient Follow-up questionnaire Via phone




Treatment experience

Pain will be measured with an 11-point VRS [36].

Discomfort will be measured with two questions on an 11-point VRS [25].

Stress will be measured with a self-reported measure and a physiaiodjicator (heart
rate). The self-reported measure consists of five items from the tensiension from the
Profile of Mood States [37]. Heart rate will be monitored using a pulse oxinmet¢he
output will be recorded.

Time perception will be measured with one question in which patients are asked to
estimate how many minutes they think they have been wearing the VR goggles or
protective glasses [38].

Perceived control will be measured with an 11-point VRS.

Dental experience

To measure communication with the dentist, patients will be asked to indicate on an 11-
point VRS how much attention they paid to what the dentist said.

Reuvisit intentions and likeliness of avoidance will be measured by askinggzarts how
much they would like to avoid similar treatment in the future.

Dental anxiety will be measured immediately after treatment arekk later at follow-up,
using the Modified Dental Anxiety Scale (MDAS), which consists of five ite88§ [
Treatment satisfaction will be measured with six statements, on an 11-g#$nia¥dout
participants’ last visit to a dental practice, based on the Service Q&HBNVQUAL)
questionnaire [40].

VR experience

The questions about the VR experience will only be asked to patients in the two VR groups.

Presence will be measured with six items on 11-point verbal rating,duasesl on the

IGroup Presence Questionnaire [41] and the Reality Judgment and PresenmanQaisst

[42].

Perceived restoration will be measured with eight items on a 5-poin{48hle

Attractiveness will be measured with five items on a 5-point bipolar adjesttale [19].
Awareness of the surrounding dental environment will be measured with one question on
an 11-point VRS.

Nausea will be measured with an 11-point VRS [25].

Intention to use VR goggles again will be measured with an 11-point VRS.

Other study parameters

Effect modifiers and possible confounders are:

Patient characteristics

Dental anxiety will be measured with the MDAS [39], which consists of fivesitend the
Monitoring Blunting Dental Scale [44].
Anticipated pain will be measured after the patients’ preoperatieesassnt. This will be
measured with an 11-point VRS [36].



» Anticipated anxiety will be measured after the patients’ preoperatieesament. This will
be measured with an 11-point VRS [45].

* Whether the patient is funded by the NHS or privately.

* Whether the patient is a referral patient or a regular (in-house) patient.

» Self-reported oral health status will be measured with one question afpatignmas’
preoperative assessment [46].

» Demographic characteristics will be completed as part of the questiothaipatients
complete after treatment. Data on age, sex and education will be collected.

» Previous cancellations will be measured with one question (self-reported).

Treatment characteristics

* The type of treatment
* The length of treatment
» The treating dentist

» Sedation

Data analysis

The data will be recorded and analyzed using SPSS 20.0. All dataevahalyzed using an
intention-to-treat analysis. Descriptive statistics will bé&glated. Discrete variables will be
summarized by frequencies or proportions. Continuous variables widpgmeted as means
and standard errors or medians and range (depending on the distributinenvairiables).
Data will be checked for baseline differences between thantemt arms. If baseline
differences do occur for any of the variables, they will be @ddesubsequent models to
compensate for those differences using an analysis of covariance approach.

Analyses of covariance (ANCOVAs) will be performed for eaclihef outcome measures
with VR condition (that is, natural, urban or control) as the independaableaand baseline
dental anxiety as the covariate, including planned contrastsptorexspecific hypotheses.
Contrasts for VR condition will be based on comparisons of VR (both hamdaurban
environments combined) with the no VR control group (comparison 1), nat&alith
urban VR (comparison 2), natural VR with the control group and urban WRting control
group (Table 2 gives an overview of specific predictions being tested).



Table 2 Overview of the specific comparisons for each prediction

Prediction = Comparison 1: Comparison 2: Comparison 3:
virtual reality (both natural and  natural virtual (a) natural virtual
urban environments) vs no reality vs urban  reality vs control
virtual reality (control group) virtual reality (b) urban virtual

reality vs control
Overall hypotheses 1 v
2 v
3 v v
Additional predictions 1 v v v

2 v v v

3 v v v

4 v v v

5 v v v

6 v

7 v v v

8 v v v

9 v

10 v

11 v

Trial status

At the time of submission of this protocol (September 2013), enrolmenthe study was
ongoing and so far two patients had been randomized.

Abbreviations

ANCOVA, analysis of covariance; HMD, head-mounted device; MDAS, Modifieddbent
Anxiety Scale; NHS, National Health Service; RA, relative analg&&&VQUAL, Service
Quiality; VR, virtual reality; VRS, verbal rating scale.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

KTD, SP and MPW contributed to the conception and design of the studg amding the
manuscript writing. JA, JM and DRM contributed to the conception andrdeéithe study
and provided critical revision of the manuscript. RJS, IM, MA and Rfributed to the
design of the work and provided critical revision of the manuscript. braributed to the
conception of the work and provided critical revision of the manuscripawliors read and
approved the final manuscript.



Acknowledgements

This study is supported by internal funding from Plymouth Unityer$Ve thank Siobhan
Creanor, associate professor in Health Statistics, for providingodupar the power
calculation.

References

1. Steele J, O’'Sullivan Adult Dental Health Survey 2009. London: Department of Health;
2011.

2. Bare LC, Dundes LStrategies for combating dental anxiety.J Dent Educ 2004,
68:1172-1177.

3. Doerr PA, Lang WP, Nyquist LV, Ronis DEactors associated with dental anxietyJ
Am Dent Assoc 1998,129:1111-11109.

4. Dionne R, Gordon S, McCullagh L, PheroAksessing the need for anesthesia and
sedation in the general populationJ Am Dent Assoc 1998,129:167-173.

5. Armfield J, Stewart J, Spencer Alhe vicious cycle of dental fear: exploring the
interplay between oral health, service utilization and dental far. BMC Oral Health 2007,
7:1.

6. Hill KB, Hainsworth JM, Burke FJT, Fairbrother Klvaluation of dentists’ perceived
needs regarding treatment of the anxious patienBr Dent J 2008,204:E13-E13.

7. Villemure C, Slotnick BM, Bushnell MCEffects of odors on pain perception:
deciphering the roles of emotion and attentionPain 2003,106:101-108.

8. Chlan L, Evans D, Greenleaf M, Walker Hffects of a single music therapy
intervention on anxiety, discomfort, satisfaction, and compliance wh screening
guidelines in outpatients undergoing flexible sigmoidoscopyGastroenterol Nurs 2000,
23:148-156.

9. Kleinknecht RA, Bernstein DAL he assessment of dental feaBehav Ther 1978,9:626—
634.

10. Locker D, Liddell AM:Correlates of dental anxiety among older adultsJ Dent Res
1991,70:198-203.

11. de Jongh A, ter Horst Gutch students’ dental anxiety and occurrence of thoughts
related to treatment. Community Dent Oral Epidemiol 1995,23:170-172.

12. Brewin CR, Dalgleish T, Joseph &:dual representation theory of posttraumatic
stress disorder.Psychol Rev 1996,103:670-686.

13. Wegner DM, Scheider DJ, Carter SR, White Haradoxical effects of thought
suppression.J Pers Soc Psychol 1987,53:5-13.



14. Kavanagh DJ, Andrade J, May linaginary relish and exquisite torture: the
elaborated intrusion theory of desire Psychol Rev 1995,112:446—-467.

15. Drahota A, Ward D, Mackenzie H, Stores R, Higgins B, Gal D, OéanSensory
environment on health-related outcomes of hospital patient€Cochrane Database Syst
Rev 2012,3, CD005315. Doi: 10.1002/14651858.CD005315.pub2.

16. Dijkstra K, Pieterse M, Pruyn ARhysical environmental stimuli that turn healthcare
facilities into healing environments through psychologically medited effects: systematic
review. J Adv Nurs 2006,56:166—-181.

17. Malenbaum S, Keefe FJ, Williams AC, Ulrich R, SomersPRin in its environmental
context: implications for designing environments to enhance paicontrol. Pain 2008,
134(3):241-244.

18. Hartig T, Book A, Garvill J, Olsson T, Garling Environmental influences on
psychological restoration.Scand J Psychol 1996,37:378—393.

19. Lohr VI, Pearson-Mims CH?hysical discomfort may be reduced in the presence of
interior plants. HortTechnology 2000,10:53-58.

20. Dijkstra K, Pieterse ME, Pruyn Atress-reducing effects of indoor plants in the built
healthcare environment: the mediating role of perceived attretiveness.Prev Med 2008,
47:279-283.

21. Park S-H, Mattson RHDrnamental indoor plants in hospital rooms enhanced health
outcomes of patients recovering from surgeryJ Altern Complement Med 2009, 15:975—
980.

22. Beukeboom CJ, Langeveld D, Tanja-Dijkstra 3€ress-reducing effects of real and
artificial nature in a hospital waiting room. J Altern Complement Med 2012,18:329-333.

23. Miller AC, Hickman LC, Lemasters GKX distraction technique for control of burn
pain. J Burn Care Rehab 1992,13:576-580.

24. Lee KC, Chao YH, Yin JJ, Hsieh HY, Dai WJ, Chao Ekidence that music listening
reduces preoperative patients’ anxietyBiol Res Nurs 2012,14:78-84.

25. Hoffman HG, Garcia-Palacios A, Patterson DR, Jensen M, Furnéssmons WFThe
effectiveness of virtual reality for dental pain control: a casetudy. Cyber Psychol Behav
2001,4:527-535.

26. Hoffman HG, Doctor JN, Patterson DR, Carrougher GJ, FurnesH: TVrtual reality
as an adjunctive pain control during burn wound care in adolscent patients.Pain 2000,
85:305-309.

27. Muhlberger A, Wieser MJ, Kenntner-Mabiala R, Pauli P, Wiederld{d Pain
modulation during drives through cold and hot virtual environments. Cyber Psychol
Behav 2007,10:516-522.



28. Dahlquist LM, McKenna KD, Jones KK, Dillinger L, Weiss KE, Ackan CS:Active
and passive distraction using a head-mounted display helmetffects on cold pressor
pain in children. Health Psychol 2007,26:794—-801.

29. Law EF, Dahlquist LM, Sil S, Weiss KE, Herbert LJ, Wohlheker Horn SB:
Videogame distraction using virtual reality technology for children experiencing cold
pressor pain: the role of cognitive processingl Ped Psychol 2011,36(1):84—-94.

30. Frere CL, Crout R, Yorty J, McNeil DVEEffects of audiovisual distraction during
dental prophylaxis. J Am Dent Assoc 2001,132:1031-1038.

31. Furman E, Jasinevicius TR, Bissada NF, Victoroff KZ, Skillid&r Buchner MVirtual
reality distraction for pain control during periodontal scaling and root planing
procedures.J Am Dent Assoc 2009,140:1508-1516.

32. Schmitt YS, Hoffman HG, Blough DK, Patterson DR, Jensen MP nfoMtaCarrougher
GJ, Nakamura D, Sharar SR:randomized, controlled trial of immersive virtual reality
analgesia, during physical therapy for pediatric burnsBurns 2011,37:61-68.

33. Hoffman HG, Sharar SR, Coda B, Everett JJ, Ciol M, Richards fier§tm DR:
Manipulating presence influences the magnitude of virtualeality analgesia.Pain 2004,
111:162-168.

34. Schneider SM, Ellis M, Coombs WT, Shonkwiler EL, Folsom M&gtual reality
intervention for older women with breast cancer.Cyber Psychol Behav 2003,6:301-307.

35. Statham DJ, Connor JP, Kavanagh DJ, Feeny GFX, Young RMD, Mayddade J:
Measuring alcohol craving: development of the alcohol craving expemee
guestionnaire.Addict 2001,106:1230-1238.

36. Kent G:Memory of dental pain. Pain 1985,21:187-194.

37. McNair DM, Lorr M, Droppleman UManual for the Profile of Mood Sates. San Diego,
CA: Educational and Industrial Testing Service; 1971.

38. Schneider SM, Kisby CK, Flint EFEffect of virtual reality on time perception in
patients receiving chemotherapySupport Care Cancer 2011,19:555-564.

39. Humphris GM, Morrison T, Linsay SJEhe Modified Dental Anxiety Scale:
validation and United Kingdom norms. Community Dent Health 1995,12:143-150.

40. Parasuraman A, Zeithaml VA, Berry LSERVQUAL: a multiple item scale for
measuring consumer perceptions of service qualityl. Retail 1988,64:12—40.

41. Schubert T, Friedmann F, RegenbrechThe experience of presence: factor analytic
insights. Presence 2001,10:266—281.

42. Bafios RM, Botella C, Garcia-Palacios A, Villa H, Perpina ICa#iz M: Presence and
reality judgment in virtual environments: a unitary construct? Cyber Psychol Behav
2000,3:327-335.



43. Hartig T, Korpela K, Evans GW, Garling & measure of restorative quality in
environments. Scand Hous Plan Res 1997,14:175-194.

44. Williams MN, Jones LM¥Validating a measure of children’s monitoring-blunting
coping styles in dental situationsPsychol Health Med 2012,17:274—-284.

45. Arntz A, Van Eck M, Heijmans MPredictions of dental pain: the fear of any expected
evil, is worse than the evil itselfBehav Res Ther 1990,28:29-41.

46. Milgrom P, Newton JT, Boyle C, Heaton LJ, Donaldsoif i effects of dental anxiety
and irregular attendance on referral for dental treatment under sedation within the
National Health Service in London.Community Dent Oral Epidemiol 2010,38:453—-459.









Figure 3



	Start of article
	Figure 1
	Figure 2
	Figure 3

