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BACKGROUND

Nobody likes injections, but will they prefer needle-free injections? Dental anxiety (“fear of the dentist”) is a significant barrier to accessing regular dental care, and is estimated to affect 9% of the global population (1, 2). The prevalence of dental anxiety and needle-phobia has resulted in more patients refusing to seek dental treatment or check-ups. Dental anxiety often arises from negative experiences with dental treatment, and ironically, it is the delivery of anaesthetic, which is meant to make the process painless, that causes the greatest anxiety (1, 3). The consequence is poorer oral health outcomes and associated negative impacts. In New Zealand, the number of children requiring tooth extraction has increased to 40,000, and almost 120,000 children are behind in dental check-ups (up from 98,000 in 2018). Needle-free jet injection, a technique that delivers the anaesthetic as a high-speed stream, about the diameter of human hair, is a promising way to overcome dental anxiety. 

While some jet injectors have previously been adapted for dental use, these devices are noisy and cumbersome (4,5). A recent study using a spring powered jet injector found 57% of participants were troubled by the noise produced by the device (5). In contrast, our collaborators at the Auckland Bioengineering Institute (ABI) have developed silent, gentle and electronically-controllable jet injectors that allow us to controllably deliver liquid doses to up to 20 mm beneath the skin (6–8).  The injection systems are powered by our own compact linear motors (9) and controllers.
The Device

Our collaborators have developed a dental jet injection device which was driven by a silent, controllable linear motor (Figure, left). This device also included a long slender dental attachment which mimicked the form of existing dental tools. This attachment allowed injections to be performed with ease while the bulk of the injection device remained outside the mouth. A series of injections were performed in the mouths of two human cadavers to establish the ability of this device to deliver anaesthetic into human tissue. CBCT scans of the cadavers confirmed that the anaesthetic was indeed delivered to the desired location at all injection sites. We also proposed a novel form for a potential clinical device – the Kiwi (Figure, right).
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With anaesthetic delivery now validated on ex vivo tissue we need to assess how our system should operate in the clinic. It will be important to establish which aspects of the injection should be controlled by the practitioner and how they would like to interact with the system. This will allow the dental practitioner to control the delivery process and provide the best opportunity for comfortable and effective anaesthesia. Once these aspects of functionality have been established, we will be in a position to address the key outstanding clinical questions: will proper anaesthesia result from controlled needleless delivery? And will this method improve comfort and reduce dental anxiety compared to anaesthesia by needle and syringe? These questions will be investigated by conducting a pilot clinical trial where our jet injection system will be directly compared to the gold standard needle-syringe technique for the delivery of dental local anaesthetic.

Aims of the Study

The goal of this project is to examine the efficacy and acceptability of our needle-free dental anaesthetic delivery system. This will be achieved by implementing the following steps:

1.
Conduct pilot clinical testing/validation of the new injection system for dental local anaesthesia;

2.
Measure levels of anxiety and discomfort of participants treated with the needle-free device and via conventional dental local anaesthetic; 

3.
Evaluate, by photographs and questionnaires at 1 3 and 7 days, any subsequent discomfort and the response of gingival tissues to anaesthetic delivery (i.e. whether the healing is progressing normally) via the needle-free method and compare with the known gingival response to conventional local anaesthesia;

4.
Evaluate the time each procedure takes and the volume of anaesthetic dispensed with the needle-free device and via a conventional dental local anaesthetic application.
Subjects

Ten participants will be invited to participate in this study aimed at testing a new needle-free tooth anaesthesia method. Participants will be recruited from the Faculty of Dentistry patient pool. These participants represent a relatively balanced potential pool of participants that are representative of the age, gender and ethnicity of those in the general population in Dunedin. Participants when referred for bilateral extractions (the same tooth needing extraction on both sides of your top teeth) will be screened for possible inclusion in the study. Those who meet the inclusion criteria will be given details of the study to include the patient information sheet. Participants will have ample opportunity to read the information provided, ask any questions and consent will be obtained at a subsequent appointment arranged for the extractions. Inclusion criteria include older than 18 years of age; planned bilateral extractions as part of normal treatment plan; no major co-occurring health conditions that may affect the ability of participating in the study; no additional requirement to have a diagnosis of dental anxiety. Males and females older than 18 years of age of all ethnicities will be invited to participate. 
Methods

The pilot/feasibility clinical testing of this device will involve treating 10 adult participants who require extractions in preparation for denture placement or prior to orthodontic treatment. Participants will be recruited from the Dunedin area, taking care that Māori /Pacific individuals are included in the patient cohort. All participants will be treated by the same two dentists, at the Otago Faculty of Dentistry. Extractions will be performed on the upper jaw only, due to the high bone density and more difficult anaesthesia requirements of the lower jaw (normally achieved via the inferior alveolar nerve block) (10). Anaesthesia for one side of the jaw will be placed by one of the researchers via conventional infiltration procedures using a needle and syringe, while the other side will have dental local anaesthetic delivered with our needle-free device. The allocation of techniques will be randomised for each patient (i.e. either left or right side will receive either procedure). An accepted standard test will be used to ensure the teeth are numb prior to extraction, and additional local anaesthetic will be given if needed as per normal practice. Another dentist part of the research team, who is blinded to which anaesthetic technique has been used, will perform the tooth extractions.  Post-operatory care will follow conventional methods. 
The time that each procedure takes (using conventional LA vs. needle-free device) will be measured, in addition to the volume of anaesthetic delivered to achieve anaesthesia via the two methods. After dental anaesthesia, participants’ levels of anxiety and discomfort will be measured using validated questionnaires (11,12). The response of the gingival tissues to anaesthetic delivery (i.e. whether the healing is progressing normally) will be evaluated through clinical photographs at 1, 3 and 7 days post-procedure. The same pain experience/discomfort questionnaires will be applied again at 1, 3 and 7 days. This pilot/feasibility trial will be crucial to de-risk a future clinical trial. 
Data Analysis

1. Participants’ levels of anxiety and pain experience/discomfort;
2. Total duration of each procedure (conventional LA vs. needle-free device);
3. Volume of anaesthetic delivered to achieve anaesthesia;
4. Response of the gingival tissues to anaesthetic delivery. 
Data and safety monitoring processes 

All data collected will preserve confidentiality and anonymity. Participants will be assigned a number code for de-identification purposes and data will be stored in a password-secured computer. This study will follow standard monitoring practices adopted in similar clinical research at the Faculty of Dentistry of the University of Otago. The data management plan is provided as a separate document. 
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