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Oral cavity care is very much associated with perceptions of pain and anxiety. Oral health practitioners have many solutions in order to reduce patients' apprehension, and an alternative non-drug technique has increased : the use of virtual reality (VR). The aim of this review is to highlight the contribution of virtual reality headsets in reducing anxiety and pre-and postoperative pain in patients having oral surgery. PubMed and Cochrane Library have been searched for scientific articles with MESH words «virtual reality », « oral surgery », « anxiety » and « pain ». 8 articles were identified and 6 met the inclusion criteria. Among the 6 articles analyzed, 4 were control trials and 2 were methodological descriptions. 2 clinical trials found statistically significant results on the outcome measures of pre-operative and post-operative anxiety and pain felt. The use of VR in oral surgery seems to have an impact in reducing anxiety and pre-and postoperative pain, but more studies are needed to confirm its effectiveness.

Introduction

Anxiety is defined as a state of psychic disorder caused by fear of danger ; pain as an unpleasant sensory and emotional experience. Although pain and anxiety are subjective sensations, oral cavity care is very much associated with these perceptions [START_REF] Fabian | Epidemiologic study of dental fear in school children 8-15 years of age[END_REF][START_REF] K M Milsom | The relationship between anxiety and dental treatment experience in 5-year-old children[END_REF][START_REF] Gaspar | Some background data about the high dental anxiety of the hungarian population[END_REF][START_REF] De | Risks of dental fear reduction treatments[END_REF].

Thus, the fear of the oral health practitioner (dental surgeon, oral surgeon, maxillofacial surgeon, etc.) is one of the main reasons why a large part of the population does not consult [START_REF] Fabian | Epidemiologic study of dental fear in school children 8-15 years of age[END_REF][START_REF] K M Milsom | The relationship between anxiety and dental treatment experience in 5-year-old children[END_REF][START_REF] Gaspar | Some background data about the high dental anxiety of the hungarian population[END_REF][START_REF] De | Risks of dental fear reduction treatments[END_REF]. This real phobia installed in people's imaginary is partly explained by the fact that the mouth is an intimate part of the body. Indeed, the oral cavity is a place of love privacy and erotic intimacy, but also a means of communication and a means of recognizing tastes. In this way, a regular consultation with a specialist is consequently essential since good oral hygiene is a source of well-being (notions of pleasure, satisfaction) [START_REF] A G Rebouças | Factors associated with brazilian adolescents satisfaction with oral health[END_REF][START_REF] Glazer Peres | Sociodemographic and clinical aspect of quality of life related to oral health in adolescents[END_REF]. This can be explained according to the Freudian theory, although there is no scientific consensus, which states that discovery of the body linked with sexuality would begin with the oral stage ; oral stage characterized by oral and oesophageal sphere favoured as an erogenous zone also supported by the motor activity of sucking.

Oral health practitioners have many solutions in order to reduce patients' apprehension of anxiety and their painful perceptions [START_REF] Salim Rayman | Managing dental fear and anxiety[END_REF]. In addition to the psychological approach and cognitive-behavioural therapy (tell-show-do, adapt vocabulary, involve the patient in the therapeutic project) [START_REF]Children's experiences following a CBT intervention to reduce dental anxiety : one year on[END_REF] ; medical means are available to the practitioner. According to the therapeutic gradient: firstly use of anxiolytics (hydroxyzine) more or less associated with musical therapy [START_REF] Bradt | Music interventions for dental anxiety[END_REF] or other methods of distraction, conscious sedation (Equimolar mixture of Oxygen and Nitrous Oxide -EMONO) and as a last resort general anaesthesia.

An alternative non-drug technique has increased : the use of virtual reality (VR). This new technology, recognized for its entertainment value (creation of virtual environments that immerse people in a simulated world) has been extended to other fields including health, particularly for pain and anxiety management. (Figure 1) This article aimed to review the contribution of virtual reality headsets in reducing patients anxiety,intra-and post-operative pain related to oral surgery procedures. 

Methods

A search strategy of the literature was performed on Medline (PubMed database), and Cochrane Library, covering all articles published from January 2008 to September 2020, to answer the following research question: what is the contribution of virtual reality headsets in reducing patients anxiety, as well as intra-and post-operative pain related to oral surgery procedures?

The following research equation was applied by one author (AF), according to the key words answering the research question, with Boolean operators, in Mesh terms: ("virtual reality" AND "oral surgery" AND ("anxiety OR pain")).

The inclusion criteria were original papers such as study protocols, reported clinical cases and clinical studies, including participants of both sexes, of all ages in good health and having no contraindication to the use of virtual reality (no sight/hearing problems or psychotic disorders). We excluded animal studies, in vitro studies, studies not published in English or French or full texts not available, and studies in which the use of virtual reality was not appropriate for our research (VR intended for practitioners for clinical situations, interventions not related to oral surgery).

After the duplicates removal, the titles and abstracts of the remaining potentially relevant articles were screened by two independent reviewers (AF and SB) according to the study inclusion and exclusion criteria. Possibly eligible studies were subject to a full text evaluation. Data from all of the included articles were extracted and summarized independently by the two reviewers (AF and SB) using the same data extraction form. The following variables were recorded:

-Authors, year and title -Studies Methods -Primary and secondary outcomes -Biases estimation.

Results

The flow chart of the study selection process is shown in figure 2.

Research found 8 articles published between 2008 and 2020. Two articles did not concern oral surgery and were therefore excluded. The selected articles were descriptions of clinical protocols and randomized controlled trials performed in the Netherlands, Japan, India and the United States of America. Table 1 summarizes the data.

Among the 6 reviewed articles, 4 were patient studies with number n ranging from 5 [START_REF] Wiederhold | Clinical Use of Virtual Reality Distraction System to Reduce Anxiety and Pain in Dental Procedures[END_REF] to 191 [START_REF] Robin | Virtual Reality Exposure before Elective Day Care Surgery to Reduce Anxiety and Pain in Children: A Randomised Controlled Trial[END_REF] (Eijlers et al., with children aged from 4 to 12 years). The team of Eijlers et al. published two studies, the first one aiming at highlighting methodology of the research put in place [START_REF] Eijlers | Development of a virtual reality exposure tool as psychological preparation for elective pediatric day care surgery: methodological approach for a randomized controlled trial[END_REF], then the second one including the results obtained from their study [START_REF] Robin | Virtual Reality Exposure before Elective Day Care Surgery to Reduce Anxiety and Pain in Children: A Randomised Controlled Trial[END_REF] : the two articles were filed together in Table 1.

Another article by Tanja-Dijkstra et al. concerned a study in which only the methodology part was described [START_REF] Tanja-Dijkstra | Can Virtual Nature Improve Patient Experiences and Memories of Dental Treatment? A Study Protocol for a Randomized Controlled Trial[END_REF].

Two clinical trials found statistically significant results on the outcome measures of preoperative and post-operative anxiety and pain felt through questionnaires and observation of physiological factors [START_REF] Sweta | Role of Virtual Reality in Pain Perception of Patients Following the Administration of Local Anesthesia[END_REF][START_REF] Yamashita | Clinical Effect of Virtual Reality to Relieve Anxiety During Impacted Mandibular Third Molar Extraction Under Local Anesthesia[END_REF]. Sweta et al. [START_REF] Sweta | Role of Virtual Reality in Pain Perception of Patients Following the Administration of Local Anesthesia[END_REF] found that the visual analogue scales (VAS) of pain were significantly lower postoperatively compared to preoperatively in the group with VR (p <0.01). Also, the results of oxygen saturation (impact of anxiety on hemodynamic parameters [START_REF] Bayrack | Effects of preoperative anxiety on intraoperative hemodynamics and postoperative pain[END_REF]) were significantly better pre and postoperatively (p <0.05) in this same group, with measurement of pulse rate (which serves as an evaluation parameter for anxiety [START_REF] V C Goessl | The effect of heart rate variability biofeedback training on stress and anxiety: a meta analysis[END_REF]) significantly better during the operation (p = 0.02).

The study of Yamashita et al. [START_REF] Yamashita | Clinical Effect of Virtual Reality to Relieve Anxiety During Impacted Mandibular Third Molar Extraction Under Local Anesthesia[END_REF] which compared by questionnaires the fear and anxiety in two groups (a VR group and a control group) during the avulsion of the mandibular third molars under local anaesthesia, found statistically significant differences between the two groups (for anxiety p = 0.0014 and for fear p = 0.0001).

Otherwise, the study by Eijlers et al. [START_REF] Robin | Virtual Reality Exposure before Elective Day Care Surgery to Reduce Anxiety and Pain in Children: A Randomised Controlled Trial[END_REF] also found a statistically significant result depending on the type of intervention : in those considered to be the most painful (adenoidectomy and tonsillectomy), the children in the VR group had significantly less need for rescue analgesic unlike the control group (p = 0.002). However, these results were not part of the primary outcomes of this study and authors proposed in perspective a specific study on these points which are the analysis of wearing a VR headset according to the type of intervention.

Finally, the study by Wiederhold et al. [START_REF] Wiederhold | Clinical Use of Virtual Reality Distraction System to Reduce Anxiety and Pain in Dental Procedures[END_REF] was in favour of a decrease in fear and anxiety with the use of VR headsets but without statistically significant results. Different means of measurement of primary and secondary judgment criteria, and biases of each article are also described in Table 1.

Despite the small number of studies, results of the various articles are in favour of VR use, whatever the procedure performed (preparation for surgery, during local anaesthesia, during routine care, during an avulsion surgery of the mandibular 3rd molars), with a decrease in anxiety but also in pain, with less pain felt when wearing the VR device. Among the primary and secondary outcomes used in the different studies, the majority are subjective criteria based on questionnaires or visual analog scales measuring levels of anxiety and pain. Thus, the use of these criteria brings interindividual variability depending on subjective interpretation. Among the 4 studies, 3 used objective criteria to support the results reported with the subjective criteria, such as taking physiological measurements in order to provide more relevance in the interpretation of the results.

Discussion

The analysis of this systematic review shows a real interest in the use of VR during oral surgery procedures.

The studies analyzed in this review always reported a decrease in anxiety, although it was not always statistically significant and the studies reporting statistically significant results were of low power with a limited number of subjects included (n = 50 [START_REF] Sweta | Role of Virtual Reality in Pain Perception of Patients Following the Administration of Local Anesthesia[END_REF] and n = 100 [START_REF] Yamashita | Clinical Effect of Virtual Reality to Relieve Anxiety During Impacted Mandibular Third Molar Extraction Under Local Anesthesia[END_REF]). In addition, some limitations can be reported such as the small number of studies found in this review. In fact, as this therapeutic tool for anxiolysis is new, further studies are expected. All studies used subjective, questionnaire-based outcomes (most differing from one study to an other) which diminishes the strength of the analysis. Moreover, the use of VR preoperatively to explain the intervention to the patient as done in the studies by Eijlers et al. ([11] no significant difference between the two groups) reports much less interesting results than when it is used intraoperatively as a means of distraction [START_REF] Sweta | Role of Virtual Reality in Pain Perception of Patients Following the Administration of Local Anesthesia[END_REF][START_REF] Wiederhold | Clinical Use of Virtual Reality Distraction System to Reduce Anxiety and Pain in Dental Procedures[END_REF][START_REF] Yamashita | Clinical Effect of Virtual Reality to Relieve Anxiety During Impacted Mandibular Third Molar Extraction Under Local Anesthesia[END_REF], This is certainly the most effective VR use, especially with the headset hiding the operating table and soiled instruments.

In addition, the use of VR on young subjects also has its limits since in study [START_REF] Robin | Virtual Reality Exposure before Elective Day Care Surgery to Reduce Anxiety and Pain in Children: A Randomised Controlled Trial[END_REF] a large number of subjects were excluded (n = 21) since they could not stand the VR device.

The use of objective criteria in the measurement of anxiety is on the other hand a strength of these studies with the measurement of physiological criteria in the studies [START_REF] Sweta | Role of Virtual Reality in Pain Perception of Patients Following the Administration of Local Anesthesia[END_REF][START_REF] Wiederhold | Clinical Use of Virtual Reality Distraction System to Reduce Anxiety and Pain in Dental Procedures[END_REF][START_REF] Yamashita | Clinical Effect of Virtual Reality to Relieve Anxiety During Impacted Mandibular Third Molar Extraction Under Local Anesthesia[END_REF]. In the study of Weiderhold et al [START_REF] Wiederhold | Clinical Use of Virtual Reality Distraction System to Reduce Anxiety and Pain in Dental Procedures[END_REF] the subjects are compared to themselves in two different situations (with and without VR) which is very interesting given the differences in pain between individuals (which may present a bias in studies where two different groups of individuals are compared on a subjective criteria). Carrying out a crossover study with a larger number of subjects included could thus be relevant. Also, the comparison of several virtual environments as explained in the study of Tanja-Dijkstra et al. could help find the best atmosphere to appease patients. Finally, it should be noted that in the studies analyzed, patients use VR for the first time, and especially only once, the results could thus be the consequence of a "novelty effect". In this way, it would be important to carry out further studies to determine whether VR allows a true reduction of anxiety and pain when used repeatedly.

Virtual reality has the ability to decrease pain, mainly due to mental diversion from redirecting the visual to colourful and animated childish worlds (accompanied by relaxation music for some VR headsets). Indeed, the perception of pain requires attention and this ability being limited in humans, entertaining it allows a slower reaction to emerging pain signals.

The use of entertainment mechanisms to reduce pain has been around for many years, but virtual reality seems to be more effective compared to traditional techniques due to its highly immersive nature.

Wearing the virtual reality headset protects the patient from any interaction outside of this virtual environment, which limits unwanted visual and auditory signals. Indeed, the instruments used in oral surgery are most of the time metallic, sharp and bloody instruments, enhancing patient anxiety. The headset being placed at the time of installation on the chair, the syringe used for local or loco-regional anaesthesia (first operative stage after the antisepsis) is not seen by the patient and therefore is not apprehended. In addition, the VR device can give a feeling of presence within the virtual environment, leading the patient to become more focused, resulting thanks to this active distraction to a decrease in the pain being felt. Pain is transmitted through nociceptive receptors found throughout the body, which transmit pain signals to the central nervous system across the A delta and C fibers. Many analgesics work by interrupting C fibers, unlike virtual reality which acts directly and indirectly on the perception and signalling of pain through attention, emotion, concentration and memory [START_REF] Arane | Virtual Reality for Pain and Anxiety Management in Children[END_REF]. Also, virtual reality naturally communicates to the amygdala, which is part of the limbic system and is involved in the recognition and evaluation of the emotional valence of sensory stimuli, in associative learning and in the associated behavioral and vegetative responses in particular in fear and anxiety. The amygdala would function as an alert system, which explains why virtual reality is effective during invasive gestures or anxiety-provoking moments.

Among the techniques used in the management of pain, these VR headsets can be compared to hypnosis. Hypnosis is defined as a change in the state of consciousness in which certain functions of the personality are marginalized or in passive standby with the consent of the subject [START_REF] Paul-Cavallier | L'hypnose éricksonienne[END_REF]. This virtual reality-like practice is characterized by a change in the patient's focus on a changed state of consciousness that he or she has never experienced [START_REF] Melchior | Qu'est-ce l'hypnose ?[END_REF][START_REF] Nyssen | Hypnose et douleur : le paradoxe. Du pouvoir de l'hypnothérapeute au contrôle du patient[END_REF]. Virtual reality is thus based on an identical scheme as hypnosis, by establishing the link with a staging, improving breathing, suggestions for deepening the state of hypnosis and posthypnotics' suggestions to improve analgesia [START_REF] Patterson | Hypnosis Delivered Through Immersive Virtual Reality for Burn Pain: A Clinical Case Series[END_REF]. Many of the stimuli that the patient would normally imagine during hypnosis sessions are replaced by the audiovisual headset. The only difference with VR is the absence of the person performing the hypnosis and, in this case, the induction is provided by the device.

VR headsets can be very bulky for both the patient and the practitioner. In fact, these devices weigh on average 700 grams and this weight can be poorly supported for the patient, especially during pediatric use. The proximity between oral cavity and the support surface of the helmets can also be an obstacle to asepsis' rules; the practitioner should not change his position to perform the treatment (however some helmets have disposable hygiene kits which can cover them). On the other hand, it may happen that the mask moves during the operation, and has to be repositioned by the assistant not dressed as sterile. It is important to insist that these devices must be subject to strict hygiene rules with disinfection of the surfaces (non-sterilizable material) in order to avoid cross transmission. The use of a disposable tip (ear tip for example) is an alternative but there is currently no mask allowing for a single use.

To conclude, the purpose of this review was to report interests and limitations of this new technology from the perspective of analgesia and anxiolysis for oral surgery procedures. More studies are needed to confirm its effectiveness and daily benefit for the well-being of patients.
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 1 Figure 1: Serenity for patient with his VR headset when a wisdom tooth was removed

  post-op anxiety rated on a scale of 0 to 100.Satisfaction ratings asked for patients using VR on a 5-level scale, they were also asked to what extent fear and anxiety were alleviated using a 5-point scale, further questions on use future of VR and free comments possible.
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