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ABSTRACT

Dental anxiety in children is still a major clinical concern, frequently causing
treatment avoidance, poor oral health, and uncooperative behavior in the dental
office. Commonly used non-pharmacological behavior management techniques,
such as “Tell-Show-Do” and passive distraction, are often challenged in managing
modern, digitally native pediatric patients. This literature review intends to
determine the effectiveness and neurological foundation of digital psychological
therapies in alleviating dental phobia among children. The purpose of this research
is to gather information about the use of mobile apps before a visit, augmented
reality, audiovisual distraction therapy, and virtual reality. This research proposes
protocols on using digital technology within modern pediatrics. Research has
shown that electronic devices that change behavior may result in significant
decreases in self-reported anxiety scores, physiological markers of stress (eg, heart
rate and salivary cortisol), and patient compliance with stressful procedures. AR,
along with interactive pre-appointment software, can complement home
surroundings in facilitating cognitive familiarization and systematic desensitization.
Immersive virtual reality can be used to overcome attentional barriers in dentistry
treatment sessions through blocking the mental processing of pain and sound
stimuli. Nonetheless, the area has several problems, including cybersickness,
sanitization issues, cost, and age-related cognitive restrictions. Digital Psychological
Preparation is an effective, noninvasive tool for Pediatric Dentistry. Although
immersive technologies are successful in the Short Term, Standardized Clinical

Trials Are Required to determine long-term cognitive outcomes.

Keywords: dental anxiety; pediatric dentistry; behavior guidance; virtual reality;

augmented reality; distraction techniques; digital health

1. INTRODUCTION

To carry out dental treatment in pediatric patients, clinicians need behavioral and

psychological preparation because conditions such as malocclusion, oral
pathologies, and routine dental operations usually require dental interventions
(Klingberg and Raadal, 2009). Fear and uncooperative behavior on the part of

patients are likely to interfere with dental delivery efficiency and change the
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patient’s reaction to the clinical environment (Klingberg & Raadal, 2009; Armfield & Heaton, 2013). Children with a high level of dental
fear do not display controlled and manageable behavior during the procedure (Armfield and Heaton, 2013). Uncooperative behavior
leads to incomplete treatment, emergency-only treatment, and poor oral health (Armfield and Heaton, 2013; Shindova and Belcheva,
2021).

Dental fear used to be considered a behavioral phase, but modern research has shown that dental anxiety entails complex
neurobiological and psychological processes taking place in the central nervous system (Armfield and Heaton, 2013; Shindova and
Belcheva, 2021). It is now regarded as a complex psychological response rather than a management issue (Shindova and Belcheva,
2021). Clinicians used to believe that uncooperative behavior would resolve itself through conventional communication procedures
such as "Tell-Show-Do" (Shindova and Belcheva, 2021; AAPD, 2023). Modern studies in children have revealed that the previously tried
methods are successful in giving temporary relief to anxiety but do not help in coping with the autonomic arousal associated with
dental phobia (AAPD, 2023; Kaufman and Devora, 2005).

The new technologies employed are compatible with the process of pediatric dentistry practice (Cunningham et al.,, 2019). They
include mobile apps, AR, audiovisual distraction, and VR via headgear and can be applied in the treatment of acute distress in various
child populations (Cunningham et al., 2019; Porritt et al., 2013). Not only will these technologies prevent disruptive behavior, but they
will add to psychological well-being in the long term by diminishing pain perceptions and trauma experienced during the procedure
(Porritt et al., 2013; Prado et al., 2019).

Implementing digital preparation tools represents a viable and beneficial clinical approach for managing pediatric dental anxiety if
there are established standards, such as risk assessments and the determination of patient suitability (AAPD, 2023; Cunningham et al.,
2019). This paper discusses the impact of digital tools on the psychological preparation and behavior management of children at the
dental clinic. An examination of the literature can identify widely used digital protocols and establish when certain tools can be used

and when they cannot. This research intends to find the applications in which digital treatments produce predictable results.
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Figure 1. PRISMA Literature Screening Flowchart.
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2. REVIEW METHODS

This paper represents a narrative literature analysis. Scientific papers were searched using databases such as PubMed and Google

a7 a7

Scholar. The following keywords were used to search: “pediatric dental anxiety”, “dental fear”, “virtual reality”, “augmented reality”,
“behavior guidance”, “audiovisual distraction”, and “digital health in dentistry”. Articles that were included in the analysis should be
published in peer-reviewed scientific journals, related to the topic of the influence, problems, and treatment of pediatric dental anxiety
in dental treatments, and contain some evidence. Papers that were devoted only to adult patients, traditional behavior guidance,
opinions, letters to editors, and papers without full peer review were excluded from analysis. A total of 40 articles were analyzed.
Figure 1 illustrates the step-by-step methodology applied during literature identification and selection according to PRISMA

guidelines.

3. RESULTS AND DISCUSSION

Traditional Behavior Guidance and Objective Measurement of Dental Anxiety

Nevertheless, when it comes to dental procedures on children, it is essential to have stable cooperation (AAPD, 2023). Dental fear
creates unpredictable resistance behavior and triggers an extra stress reaction in the patient during the dental procedure (Klingberg &
Raadal, 2009; Armfield & Heaton, 2013). All such reasons lead to complicated performance and higher risks related to the safety of the
dental procedure (Shindova & Belcheva, 2021; AAPD, 2023). Moreover, dental fear increases the likelihood that the procedure will be
interrupted, take more time than needed, and result in an unsatisfactory outcome (AAPD, 2023; Kaufman & Devora, 2005). The
efficiency of pediatric dentistry largely depends on how the dynamics of fears and behavioral guidance strategies can interact
(Shindova and Belcheva, 2021; AAPD, 2023). Properly managing fears is important to perform the procedure safely and on time
(AAPD, 2023; Cunningham et al., 2019).

Clinical professionals are often in doubt about whether the present approaches to the behavior management of patients are effective
enough while facing serious cases of pediatric dental anxiety (Shindova and Belcheva, 2021; Kaufman and Devora, 2005). From some
points of view, modern digital distraction methods may be considered an appropriate substitute for the "Tell-Show-Do" strategy, which
cannot guarantee cooperation from children (Cunningham et al., 2019; Porritt et al., 2013). If there is a high probability of non-
cooperation and active movement, digital devices help avoid the use of physical restraint or emergency visits (Cunningham et al., 2019;
Prado et al.,, 2019). Digital technology may help protect the child from a traumatizing experience, since the virtual environment
distracts cognitive attention from the painful experience (Prado et al., 2019; Lazaridou et al., 2020).

Validated psychometric instruments along with physiological parameters are employed to assess anxiety (Porritt et al., 2013; Prado
et al., 2019). Tools including the Modified Child Dental Anxiety Scale (MCDAS) and the Facial Image Scale (FIS) enable children to
convey their levels of fear effectively (Porritt et al., 2013; Prado et al., 2019). Moreover, objective assessment of the sym pathetic nervous
system activity with the help of HR, HRV, GSR, and salivary cortisol can be done to evaluate acute stress relief during dental treatments
(Lazaridou et al., 2020).

Pre-Visit Preparation and Digitalization of Behavioral Techniques

Anxiety that arises before appointments greatly compromises the behavior of children during clinical consultations (Patil et al., 2020).
Digital technology applied at home enables children to be exposed to the dental environment before coming to the clinical setting (Patil
et al., 2020; Panchal et al., 2022). Mobile applications apply game-based principles of learning to introduce children to virtual dental
consultations (Panchal et al., 2022; Marengo et al., 2023).

In addition, modern techniques such as "Digital Tell-Show-Do" use augmented reality (AR) through tablets and smart screens
(Sharma et al., 2023; Sharma and Bhatia, 2024). The application of AR technology entails presenting three-dimensional views of several
tools used in dentistry without any live demonstration (Nuvvula et al., 2020; Gomes et al., 2021). Clinical studies conducted on children
have indicated that they tend to be more cooperative and that their heart rate remains low while learning using AR technology instead

of just verbal communication (Elicherla et al., 2019; Kaur et al., 2024).

Sensory Environment Modification and Audiovisual Distraction
Clinical surroundings have both audiovisual stimuli for children, which can cause anxiety in the autonomic nervous system (Prabhakar
et al,, 2018; Fakhruddin et al., 2015). The AV Distraction method is done using ceiling screens and video glasses, which activate auditory

and visual channels during the procedure (Prabhakar et al., 2018; Aman et al., 2024). Furthermore, acoustic distraction includes noise-
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canceling earphones along with music and white noise and blocks the sounds of the dental handpieces (Sethi et al., 2019; Srinivasan et
al., 2019).

The ability to manipulate the operating room setting via sensory adaptive dental environment (SADE) strategies, including lowered
lighting, heavy blankets, and repetitive images, makes it possible to control sympathetic arousal (Shapiro et al., 2007). Digital
biofeedback technology can help with learning through physiologic feedback (for example, respiration) (Padmanabhan et al., 2022).

Immersive Virtual Reality (VR) During Clinical Procedures

Virtual reality (VR), which is based on head-mounted displays, impacts mental processing of painful stimuli during dental treatments
(Atzori et al., 2018; Aminabadi et al, 2012). Based on the gate control model of pain perception, human cognitive capacity for
processing noxious stimuli is limited. (Atzori et al.,, 2018). Since VR occupies the visual and hearing processing channels with a
distracting virtual world, it constrains the brain's processing of pain-related stimuli and anxiety cues (Atzori et al., 2018; Aminabadi et
al., 2012).

Based on clinical research findings, the application of VR distraction therapy is linked with decreased pain sensation, heart rate, and
cooperation in stressful situations, for example, during local anesthesia and rotary cavity preparations (Aminabadi et al., 2012; Niharika
et al.,, 2018). In addition, VR immersion creates false estimates of the duration of the procedure by reducing its actual time (Ran et al.,
2021).

Systematic reviews and meta-analyses confirm the clinical effectiveness of VR in pediatric dentistry (Ran et al., 2021; Customo et al.,
2023; Customo et al., 2024; Sharifi et al.,, 2024). Children show greater immersion susceptibility compared to adults due to mental
adaptiveness and imaginative capacity (Sharifi et al., 2024; Ahmad et al., 2026). In comparing fully immersive virtual reality (VR)
goggles (360° visualization) and AV goggles (flat screens), full occlusion of the environment appears to be more effective in reducing
anxiety in patients undergoing invasive procedures within dentistry (Indrabalan et al., 2022; Al-Khotani et al., 2016). This comparison is
outlined in Table 1.

Table 1. Overview of digital behavior management technologies in pediatric dentistry.

Primary Stage of . L. Mechanism of Main Limitations /
Technology / Tool Clinical Objective )
Use Action Advantages Drawbacks
o ) ) Role-playing, Reduces )
Pre-Visit Mobile Systematic . . Requires parental
Home / Before to . virtual rewards, | anticipatory ]
Apps & . desensitization & . . . . compliance, screen-
o appointment . interactive anxiety, high . o
Gamification cognitive prep . time limits.
stories engagement
Overlays 3D Interactive, )
. o — Requires
Augmented Reality | Waiting room / Pre- Digital Tell- models onto reduces fear of
] tablets/smartphones,
(AR) treatment Show-Do" physical unknown
) . hardware costs.
environment instruments
Visual & )
. Easy to Partial
L. . . acoustic . .
Audiovisual (AV) Intra-operative Passive sensory integrate, non- environmental

. . . . . masking via . . .
Distraction (during treatment) distraction . . invasive, low coverage, child can
ceiling monitors

discomfort look away:.
/ glasses
. Gate Control Significant Risk of
. . Intra-operative Complete . i .
Immersive Virtual . . Theory of Pain, | pain/fear cybersickness,
) (high-stress attentional & O . L
Reality (VR) . cognitive reduction, alters | sanitization
procedures) sensory occlusion ) ) .
overload time perception | requirements, cost.
Dim lighting,
. . & & Ideal for .
Sensory-Adapted ) Autonomic weighted ) High setup cost,
i Whole appointment neurodivergent . )
Environment ) nervous system blankets, ) requires dedicated
duration . . children .
(SADE) regulation biofeedback, clinic space.
(ASD/ADHD)
Snoezelen
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Discussion, Clinical Challenges, and Future Directions

The use of digital media in managing dental anxiety can be considered a drug-free approach to address nitrous oxide or general
anesthesia, should the situation be one of mild or moderate anxiety (Asl Aminabadi et al., 2021). In neurodivergent pediatric
populations, including individuals with Autism Spectrum Disorder (ASD) or ADHD, implementing structured visual schedules and/or
Digital Social Stories can provide the structure that might alleviate anxiety of the dental professional (Shapiro et al., 2007; Kaur et al.,
2023). A suggested protocol for clinicians to choose an appropriate intervention based on the degree of the patient's anxiety and nature

of the procedure is provided in Table 2.

Table 2. Clinical guidelines for digital psychological management based on patient profile.

Anxiety Level / . . . . . .
. . Recommended Digital Tool Primary Clinical Procedure Key Clinical Considerations
Patient Profile
Mild Anxiety / Pre-visit apps + AR "Digital Examination, prophylaxis, Focus on familiarization and
First Visit Tell-Show-Do" fluoride application positive reinforcement.
Moderate Anxiety Audiovisual (AV) glasses or ) ) Allow child to choose content to
. ) . ) Simple restorations, sealants o
/ Cooperative noise-canceling audio maintain sense of control.
Moderate to Immersive Virtual Reality (VR) Local anesthesia injection, Monitor for motion sickness;
Severe Anxiety HMD rotary cavity preparation ensure strict hardware sanitation.
Special Needs SADE + Digital Social Stories / All routine dental Avoid sudden sensory triggers;
(ASD / ADHD) Visual schedules procedures keep routine highly predictable.

However, several aspects related to its clinical application deserve attention:
e Ergonomics and cybersickness: HMDs can cause nausea, vertigo, and neck pain in children (James et al., 2021).
e Sanitization: As the equipment is going to be used in turns by different patients, it requires sanitization before each use (James et al.,
2021).
e Costs of Implementation: High prices on hardware and software are a barrier for small clinics (Bentsen et al., 2023).
e Artificial Intelligence Incorporation: New systems include artificial intelligence (AI) that changes the VR environment depending on

patients' level of stress (Zhao et al., 2022).

4. CONCLUSION

Applying technology in pediatric dentistry offers systematic ways to prepare and manage pediatric patients during treatment. The use
of pre-appointment mobile applications, augmented reality, auditory/visual distraction, and head-mounted virtual reality diminishes
dental anxiety, minimizes physiological stress, and enhances compliance. Digital behavior management methods can supplement
conventional behavior management methods because they are engaging and age-appropriate interventions. Issues related to device
ergonomics, sterilization procedures, and cost will assist in their application in the daily practice of pediatric dentistry. Additional

research is required to study the effect of these methods.
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