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ARTICLE INFO ABSTRACT

Handling Editor: Prof. Emeka Nkenke It was the aim of the study to evaluate the contribution of a relaxing immersive experience with virtual reality
(VR) goggles in reducing patient anxiety related to wisdom tooth extraction under local anesthesia.

A prospective randomized comparative study in consecutive patients scheduled for bilateral wisdom tooth
extraction under local anesthesia was carried out between March and December 2022. Both sides were operated
upon in the same surgery, but on one side VR goggles were applied (VR), while on the other they were not
(noVR). Anxiety was evaluated both subjectively (State-Trait Anxiety Inventory [STAI] and visual analogue scale
[VAS]) and objectively (measuring heart rate, blood pressure [BP] and blood oxygen saturation) before (T1) and
after each surgical step (T2VR and T2noVR).

The study sample consisted of 27 patients: 9 men and 18 women, with an average age of 25.8 + 6.5 years
(range: 18-43). Anxiety as assessed by the STAI and VAS decreased from T1 to T2 (p < 0.001 and p < 0.001,
respectively), although to a similar degree regardless of whether VR was used or not. Heart rate showed sig-
nificant differences influenced by RV exposure (p = 0.013): it increased +2.5 + 8.8 bpm in the control group and
decreased —2.22 + 7.55 bpm with VR (p = 0.013). Both minimum and maximum BP after surgery were
significantly higher in the noVR group (p = 0.002 and p = 0.040, respectively). Regarding minimum BP, VR
proved more effective among male patients (p = 0.057) and on starting the procedure using VR (p = 0.055).
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1. Introduction

Virtual reality (VR) has been successfully used in a number of areas
in healthcare, such as simulation-based medical teaching. There is
currently a great deal of interest in VR, particularly for addressing
anxiety disorders related to surgical and oncological procedures (Rut-
kowski et al., 2021).

Although many oral surgery procedures such as wisdom tooth (WT)
extraction can be performed under local anesthesia, oral cavity treat-
ments are very much associated with patient fear (Fabian et al., 2003; de
Jongh and Broers 2009); indeed, dental anxiety is the fifth most common

cause of anxiety (Appukuttan 2016). It may be produced by a variety of
concerns, including pain, aversion to certain stimuli such as handpieces
or needles, the sight of blood, or the idea of foreign objects piercing the
body. Moreover, oral surgeons themselves experience heightened
discomfort when treating anxious patients. The availability of fast and
easy tools for preventing preoperative anxiety in such patients therefore
would be very useful.

Patient anxiety is an undesirable side effect of dental procedures that
affects the willingness of the patient to undergo treatment, tending to
cause delays in consultation, and finally worsening the initial prognosis.
On the other hand, the waiting period before the procedure, the
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administration of local anesthesia, and the surgical operation often give
rise to undesirable psychological reactions in the form of anxiety,
anguish, stress, fear, distress and phobias. Furthermore, patients with
high levels of preoperative anxiety experience a slower, more compli-
cated and more painful postoperative recovery period (Kain et al.,
2000).

Thus, for patients with high levels of anxiety when facing invasive
operations such as wisdom tooth removal, several tools have been pro-
posed in order to alleviate both pain and anxiety, such as hypnosis, the
administration of drugs (analgesics, anxiolytics, antihistamines and
benzodiazepines) and the application of topical anesthesia, although
such measures are not always completely effective. As a result, general
anesthesia or conscious sedation, involving intravenous medication or
inhaled nitrous oxide, have been used in such scenarios. However, for
patients with lower levels of anxiety, noninvasive and non-
pharmacological distraction interventions based on VR are being used,
with promising results (Falguiere et al., 2021). Virtual reality goggles do
not only provide potentially appealing visual stimuli; they also restrict
any other nearby visual stimuli that can be threatening to the patient.

Therefore, the aim of the present study was to evaluate the contri-
bution of a relaxing immersive experience with VR goggles in reducing
patient anxiety related to WT extraction under local anesthesia.

2. Material and methods
2.1. Study design and sample selection

To address the research purpose, the investigators designed and
implemented a prospective comparative study in consecutive patients
scheduled for bilateral WT extraction under local anesthesia between
March and December 2022 at our Department. Both sides were operated
upon in the same surgery, but on one side VR goggles were applied,
while on the other they were not; all patients therefore went through the
two study conditions on the same day. A statistician not participating in
any other way in the study generated a randomization table for patients
receiving VR per side and during the first or second surgical procedure.

Patients of either sex and over 18 years of age requiring bilateral
lower WT extraction presenting similar difficulty according to the
Winter and Pell and Gregory classifications (Pell and Gregory 1933)
were included in the study. Those requiring concomitant bilateral upper
WT extraction presenting similar difficulty were also included. Pregnant
or breastfeeding women, patients with impaired cognitive function, in-
dividuals with blindness, deafness or epilepsy, or patients not willing to
sign the informed consent document were excluded.

The study was approved by the Ethics Committee of our Medical
Center (Ref. 2021/112-MAX-CMT), and was conducted in accordance
with the ethical standards laid down in the Declaration of Helsinki (1964
and later amendments). After receiving information about how the
study would be conducted, all participants signed an informed consent
document prior to study enrollment. This paper has been presented
according to the Consolidated Standards of Reporting Trials Statement
(CONSORT) guidelines.

2.2. Study variables and data collection

Subjective evaluation of the presence and severity of fear and anxiety
before and after surgical treatment was carried out using the Spanish
version of the State-Trait Anxiety Inventory (STAI) (Spielberger et al.,
1971). This questionnaire was delivered to the patients at two time-
points: in the operating room before local anesthesia injection and VR
immersion (T1), and after surgery with (test: T2VR) and without the VR
goggles (control: T2noVR). A final score was obtained from the indi-
vidual items of the STAI form, which constitutes the primary response
variable of the STAI analysis: (STAI = 30+STAIL.3+ STAL4+ STAL6 +
STAL.7+ STAIL9+ STAI.12+ STAIL13+ STAI.14+ STAIL.17+ STAI18 -
STAI.1- STAI2- STAIL5- STAIL.8- STAL10- STAL11- STAI.15- STAL16-
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STAI.19- STAIL20).

On the other hand, anxiety experienced during treatment was also
measured using a color visual analogue scale (VAS), with 0 indicating no
anxiety and 10 the worst anxiety imaginable.

Concomitantly, for the objective assessment of anxiety, measure-
ments were made of heart rate, blood pressure (BP) and blood oxygen
saturation before and after surgery at T2VR and T2noVR.

The following demographic variables were recorded: sex, age,
smoking and alcohol consumption habits, and type of WT impaction
according to the Winter and Pell and Gregory classification [7]. The
order of surgeries and the surgery time were also recorded, as well as the
degree of satisfaction/comfort with the VR system from the surgeon’s
point of view, scored from 0 (very bad) to 10 (very good).

2.3. Surgical procedure

The patients were invited to sit in a lounge dental chair in an isolated,
bright and calm room. The staff offered a blanket and made sure the
patients were comfortable. Then, a BP monitor and pulsioxymeter were
placed. And the patients were invited to answer the T1 STAI
questionnaire.

Surgery was performed by the same surgeon (AVO) 5 min after local
anesthesia injection in the form of 4% articaine with 1:100,000
epinephrine. At T2VR, the VR goggles were worn by the patient during
the entire surgical procedure. The system consisted of a head-mounted
display (Pico Interactive) and an external Android AOYODKG tablet
that controlled the VR experience, where the software of VR Pharma
Immersive Technologies SL was installed, allowing external control of
the experience in the VR goggles (Fig. 1). The content was designed and
produced by VRPharma: “Ocean Breeze” and “Crystal Serenity.”

Following the extraction procedure of each side at T2VR and
T2noVR, the patients were asked to again complete the STAI question-
naire and the anxiety VAS.

Conventional postoperative antibiotic and anti-inflammatory medi-
cation was prescribed, and the follow-up visit took place after 1 week.

2.4. Statistical analysis

Demographic characteristics and other parameters were presented in
terms of descriptive statistics. Continuous variables were reported as
number (n), mean, standard deviation (SD), minimum, maximum and
median, while relative frequencies (percentages) were used for

Fig. 1. The virtual reality (VR) system consisted of a head-mounted display
(Pico Interactive) and an external tablet that controlled the VR experience. The
software from VR Pharma Immersive Technologies allowed external control of
the experience in the VR goggles.
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qualitative variables.

The inferential analysis comprised an analysis of variance (ANOVA)
model of repeated measures with intra-subject factors, the time of
measurement and exposure to VR for the comparison of the different
indicators of anxiety. Main effects and interaction between the two
factors were evaluated. For multiple comparisons, the Bonferroni test
was applied. In turn, a mixed ANOVA model was used for the study of
the anxiety indicator at the end of extraction according to exposure to
VR and other independent factors of the patient or clinical profile of the
WT. As in the previous case, estimation was made of the variability
inherent to each term and to the interaction, with Bonferroni correction
of the pairwise comparisons.

It was also contrasted if both conditions (exposure or no exposure to
VR) were applied homogeneously to similar anatomical conditions of
the WT: a) the McNemar test for two related samples was used to
determine whether the distribution of a categorical variable (degree of
extraction difficulty) was symmetric in the same patient; b) binomial
testing was used to determine whether VR exposure was applied in a
similar proportion in first and second order in the sequence of two
surgeries; and c) the Wilcoxon test was used to determine whether the
surgery time with and without VR was similar.

For all purposes, two-sided p-values <0.05 were considered statis-
tically significant. For sample calculation, the paired t-test afforded a
statistical power of 80% in identifying differences in STAI score of 20-25
as clinically relevant, assuming a confidence level of 95% in a one-tailed
test and a standard deviation of £10. Data analysis was performed using
the SPSS version 25.0.0 statistical package (SPSS Inc., Chicago, IL, USA).

3. Results

The study sample consisted of 27 patients subjected to bilateral WT
extraction under local anesthesia on the same day, applying VR goggles
upon operating on one side but not on the other side. There were 9 men
(33.3%) and 18 women (66.7%), with an average age of 25.8 + 6.5
years (range: 18-43 years). Two patients who experienced claustro-
phobia when wearing the VR goggles were excluded from the analysis.
Table 1 summarizes the relevant demographic and clinical data.

The homogeneity analysis demonstrated general study homogeneity;
the anatomical and intraoperative conditions of the VR exposure and
non-exposure phases were thus taken to be similar (Table 2). Surgery
time was longer when two WT per side (upper and lower) were removed,
with a difference of approximately 3 min between medians (p = 0.036),
although the exposed and non-exposed groups remained homogeneous.

The mean preoperative (T1) STAI score was 19.1 + 11.1. Given that
the maximum possible score is 60, patients were experiencing 31.8% of
maximum anxiety. Following T2noVR, the mean score was 12.3 + 8.5
points, corresponding to 20.5% of the maximum possible score. Thus,
the STAI score decreased an average of —6.9 + 7.4 points (—35.6%). On
the other hand, after the VR intervention (T2VR) the mean score was
13.9 + 9.3 points, corresponding to 23.2% of the maximum possible

Table 1
Demographic and clinical data of the sample.
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Table 2

Homogeneity analysis of interventions with and without virtual re-
ality (VR) according to patient profile and clinical difficulty: McNe-
mar test, binomial test and Wilcoxon test results.

p-value
Side (right vs left) 1.000 (MN)
Winter classification 0.513 (MN)
Pell & Gregory classification 0.317 (MN)
Order of surgery 1.000 (Bin)
Operative time 0.930 (Wil)

*p < 0.05; **p < 0.01; ***p < 0.001.

score. Thus, the score decreased an average of —5.3 + 7.2 points
(—27.2%). The STAI anxiety score was therefore seen to decrease from
T1 to T2 (p < 0.001), although to a similar degree regardless of whether
VR was used or not used (p = 0.265), since the decrease in STAI score
proved statistically significant in both phases (control p < 0.001; test p
= 0.001) (Fig. 2). Regarding the association with secondary variables
such as age, sex, WT impaction classification or surgery time, the
duration of the operation was seen to affect the final STAI score (p =
0.002), although to a similar extent regardless of whether VR was used
or not used (p = 0.512).

Regarding the self-assessment of anxiety based on the VAS scale (0-
10), the mean score at T1 was 5.9 + 2.8 versus 3.7 + 2.9 after surgery in
T2noVR and 3.6 + 2.5 in T2VR. It therefore can be concluded that
anxiety based on the VAS decreased from T1 to T2 (p < 0.001), although

404

354
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T T T T
™ no-VR T2 VR T2

Fig. 2. Evolution of the State-Trait Anxiety Inventory (STAI) scores before (T1)
and after surgery in the test (T2VR) and control groups (T2noVR).

GROUP WINTER PELL & GREGORY NUMBER OF WT (per side) SIDE OPERATIVE TIME ORDER OF INTERVENTION
Right Left 1st 2nd
Control (no VR) Vertical: 13 1A: 4 1 (lower): 6 13 14 9.546.8 13 14
Horizontal: 4 2A: 7 2 (upper & lower): 21
Mesio-angluar: 10 2B: 8
2C: 1
3A:1
3C: 6
Test (VR) Vertical: 13 1A: 4 1 (lower): 6 14 13 8.6+5.4 14 13
Horizontal: 5 2A: 6 2 (upper & lower): 21
Mesio-angluar: 9 2B: 9
2C: 2
3C: 6




A. Valls-Ontanon et al.

to a similar degree regardless of whether VR was used or not used (p =
0.548). The final self-assessment of anxiety was not substantially influ-
enced by any secondary variables.

All patients (27/27) answered that the procedure was more
comfortable when VR goggles were used and agreed they would like to
use it again in future dental procedures (Fig. 3).

Heart rate showed significant differences influenced by RV exposure
(p = 0.013): it increased +2.5 + 8.8 bpm (from 80.3 + 82.8 to 82.8 +
7.9) in the control group and decreased —2.22 + 7.55 bpm (from 79.1 +
11.1 to 76.9 + 9.5) with VR (p = 0.013) (Fig. 4). The Bonferroni test
showed the mean heart rate to be similar in both groups preoperatively
(p = 0.479), although postoperatively the difference proved statistically
significant (p < 0.001). The F test of the mixed ANOVA model for each
independent factor agreed that the heart rate at the end of the extraction
procedure was significantly different depending on whether or not there
had been exposure to VR (being lower with VR) (Table 3). It is inter-
esting to highlight the strong interaction of the order of application of
the VR goggles (p = 0.005): when VR was applied first, heart rate control
with VR was much more evident than without VR. In other words, when
the patient started without VR, the difference in heart rate between
groups was subtle, so starting the procedure with VR increased the
effectiveness of heart rate control.

Similar results were obtained for minimum and maximum blood
pressure (BP). The minimum BP increased an average of 3.3 &+ 8.6 mm
Hg in the noVR group (from 71.6 + 9.5 to 74.9 &+ 7.5) versus 0.7 + 7.9
mm Hg in the VR group (from 70.3 £ 7.4 to 71.1 £ 7.3); thus the
minimum BP was significantly lower with VR than without VR (p =
0.012) both before and after surgery (p = 0.164). The Bonferroni test
showed that minimum BP was not different between the groups at the
start, although after surgery it was significantly higher in the noVR
group (p = 0.002). Moreover, when VR was applied, BP remained
constant (p = 0.641). The F test of the mixed ANOVA model for each
independent factor suggested the following: VR was much more effec-
tive when applied in the first WT extraction (p = 0.055) (Fig. 5); VR was
much more effective among male patients (p = 0.057); the final mini-
mum BP was significantly influenced by patient age, being higher in
older individuals (p = 0.020); and the final minimum BP tended to be
higher in short operations (p = 0.069).

The maximum BP in turn increased an average of 5.2 + 8.0 mm Hg in
the noVR group (from 122.4 £+ 17.6 to 127.6 + 17.6) versus 1.5 &+ 10.3

30

22,5

WITHOUT=0

iy

Which of the two procedures was more
satisfactory: with or without VR goggles?

NO=0

-y

If you had to receive another dental treatment,
would you appreciate applying VR again?

Fig. 3. Heart rate increased in the patients not exposed to virtual reality (VR)
and decreased in those exposed to VR.
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Fig. 4. Interaction between the order of surgery and minimum blood pressure
(F test of the mixed analysis of variance model for independent factors, p
= 0.055).

Table 3
Final heart rate according to independent factors: F test of the mixed ANOVA
model for each factor.

Phase Factor Interaction
Model 1. Order of exposure to VR 0,001%* 0,243 0,050%*
Model 2. Sex 0,001 ** 0,835 0,428

Model 3. Age (</>25 years old)
Model 4. Degree of difficulty
Model 5. Operative time (</>7,5 min)

<0,001*** 0,757 0,837
<0,0071 *** 0,714 0,886
<0,001*** 0,212 0,715

*p < 0,05; **p < 0,01; ***p < 0,001.

4

~
(5]
1

704

Estimated marginal means for maximum blood pressure (mmHg)

1st 2nd
VR ORDER

Fig. 5. Interaction between the order of surgery and minimum blood pressure
(F test of the mixed ANOVA model for independent factors, p=0.055).

mm Hg in the VR group (from 121.6 + 18.3 to 124.4 + 15.0); the
maximum BP therefore was significantly lower with VR than without VR
(p = 0.027), and this was particularly manifest at the end of surgery (p
= 0.084). The Bonferroni test showed that the maximum BP was not
different between the groups at the start, although after surgery it was
significantly higher in noVR group (p = 0.040). Moreover, in the noVR
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group the maximum BP increased significantly (p = 0.002), but
remained constant in VR group (p = 0.454). The F test of the mixed
ANOVA model for each independent factor highlighted the efficacy of
VR when used during the first surgical procedure (p = 0.048), and
showed that the maximum BP tended to be higher in male patients (p =
0.058).

Blood oxygen saturation was maintained at 100%, with mean vari-
ations of 0-0.1; no statistical analysis was therefore indicated in relation
to this parameter.

Finally, surgeon rating of comfort improved as the study progressed
or on gaining greater experience with the VR system. The Spearman
correlation coefficient (r = 0.37) suggested a weak-to-moderate
magnitude of the association, close to statistical significance (p =
0.059) (see Fig. 6).

4. Discussion

By inducing a patient to concentrate on other ideas, less attention
centers on discomfort (Wiederhold et al., 2014). Thus, when patients are
immersed in a virtual environment, they can focus on visual and audible
stimuli rather than on the procedure being carried out (Maples-Keller
etal., 2017; Veling et al., 2021). In this regard, the present study focuses
on the effectiveness of VR technology, a straightforward and noninva-
sive strategy for reducing anxiety and pain perception, and for providing
a more comfortable patient experience, which a surgery department can
finance and reproduce with ease. The results obtained show an inter-
esting control of the hemodynamic parameters, although the outcomes
in terms of the subjective evaluation of pain and anxiety appear to be
less predictable.

The existence and intensity of fear and anxiety was assessed both
before and after treatment using the STAI questionnaire, which is sen-
sitive to the anxiety generated by various anxiety-related scenarios. The
pre-treatment STAI results in this study indicated that most patients felt
somewhat stressed prior to surgery (31.8% of maximum anxiety). The
lack of knowledge regarding the surgical technique and potential post-
operative consequences is one of the most powerful anxiety-inducing
factors before an operation (Choi et al., 2015). A previous explanation
of the experience and postoperative period is therefore helpful for
reducing preoperative anxiety, and constitutes a usual element in the
clinical practice of our Department. On the other hand, preoperative
anxiety has been demonstrated to be significantly higher in young pa-
tients, female patients, individuals without prior anesthesia experience
or with unfavorable anesthesia-related experiences, as well as in patients

Surgeon’s satisfaction degree with VR

67 L

rrrrrr 1T
01 23 456 7 8 9 1011213141516 17 1819 20 21 22 23 24 25 26 27 28

Number of interventions with VR

Fig. 6. Improvement of surgeon comfort rating during the course of the oper-
ation on gaining expoerience with the VR system (r=0.37, p=0.059).
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who use tranquilizers (Kindler et al., 2000). Besides, some studies spe-
cifically focused on reducing preoperative anxiety using VR technology
have concluded that the latter appears to be more effective in pediatric
patients than in adults, and also more effective in young adults than in
older individuals (Fijlers et al., 2017). Likewise, women have been
found to rate their VR experience less favorably than men (Ougradar and
Ahmed 2019).

The results obtained show that most patients experienced a decrease
in anxiety from the first surgical step to the second (from T1 to T2),
regardless of the use of VR goggles. In this regard, anxiety may have
decreased due to the experience gained from the first surgical extraction,
and fear of the unknown may have disappeared. Furthermore, longer
operations had an impact on the final anxiety STAI score, but this impact
was the same in both groups (VR versus noVR). Surprisingly, however,
no differences in anxiety were found between patients exposed and not
exposed to VR, and no associations to other variables such as sex, age or
degree of difficulty were observed. Thus, other factors such as fluid
communication between the patient and surgeon during surgery are also
important in reducing anxiety levels.

Due to the inherent characteristics of the STAI questionnaire, we
decided to additionally use a VAS, which enables patients to quickly and
easily express their level of pre- and postoperative apprehension by
simply drawing a point on a horizontal line to afford more accurate
results. Nevertheless, similar results were obtained when anxiety was
evaluated with the VAS; that is, it decreased from T1 to T2, although to a
similar degree regardless of whether VR was used or not used.

On the other hand, changes in physiological markers such as heart
rate and BP reflect the degree of anxiety and pain (Ding et al., 2020).
Virtual reality exposure had a significant impact upon the preoperative
versus postoperative heart rate values, increasing in the control group
and decreasing with VR (p = 0.013) (Fig. 3). Moreover, when VR was
applied first, heart rate control with VR was stronger than without VR,
and hence the effectiveness of VR was increased. Mladenovic and
Djordjevic (2021) concluded that when VR eyewear was used, the heart
rate values before and during the surgical procedure were noticeably
lower.

Similar results were obtained for both minimum and maximum BP,
with values that increased in the control group and decreased with VR
(p =0.012 and p = 0.027, respectively). Likewise, when VR was applied
first, BP control with VR was stronger than without VR. The evaluation
of minimum BP showed VR to be significantly more effective in male
patients and in young patients (<25 years of age), which is consistent
with the data found in the literature (Ougradar and Ahmed 2019).

Although VR has a well-established track record of success in treating
anxiety disorders and phobias (Mayer et al., 2022), two of our patients
dropped out of the study because they were unable to wear the VR
goggles due to claustrophobia. After removing the VR goggles, these
patients asked to keep their eyes uncovered. Similarly, VR goggles have
a small field of view and prevent users from seeing their own bodies
while in a virtual setting. Thus, it could be useful before putting on the
VR goggles to ask the patients whether they feel overwhelmed by being
blindfolded. Immersive rooms could be an alternative for these patients,
but this strategy is more expensive and difficult to perform in an oper-
ating room.

Problems with VR use include the thickness of the current head-
mounted displays, which impose restrictions on surgeon positioning
and placement of the surgical instruments, such as retractors on the
upper jaw (Yamashita et al., 2019). Other, less bulky VR devices have
been developed, but are unable to offer the same level of realism. The
results referred to surgeon comfort showed improved comfort during the
course of the operation, so finally the surgeon did find a comfortable
working position.

Finally, although the study was randomized, well designed and
involved homogenous groups regarding related variables (using the
same patient for VR and noVR, degree of surgical difficulty, surgery
time, side and order of surgery), it has some limitations attributable to
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its single-center and single-surgeon design, with the inherent biases that
this implies. On the other hand, although the study was focused on WT
extraction, the use of VR could be broadened to other surgical and dental
fields carried out under local anesthesia, since it is a simple, effective
and noninvasive technique that appears to be promising for improving
patient experiences and anxiety.

5. Conclusion

In conclusion, although more research is needed to fully assess the
effectiveness and usefulness of this approach in daily clinical practice,
this study shows that VR goggles proved useful in controlling patient
anxiety during surgery. Nevertheless, while significant differences be-
tween the groups were found for heart rate and BP, the subjective
evaluation of anxiety remained the same in both groups.
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