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RESUMO

Introdugao: A realidade virtual (RV) surgiu como uma ferramenta promissora no
campo da odontopediatria para aliviar a ansiedade e controlar a dor. Ao criar
ambientes virtuais imersivos e interativos, a tecnologia VR pode efetivamente distrair
e envolver pacientes jovens durante a consulta de medicina dentaria, reduzindo assim
substancialmente os seus niveis de ansiedade, tornando a consulta numa experiéncia

positiva.

Materiais e métodos: A presente revisao sistematica seguiu as guidelines PRISMA
com a seguinte questao de investigagdo no formato PICO: Na populacéo pediatrica
(P), a realidade virtual () auxilia no controlo da ansiedade e dor (O) numa consulta de
medicina dentaria comparando com outras técnicas de controlo comportamental (C)?
Foram utilizadas as bases de dados PubMed/Medline®, SCOPUS e Web of Science.

Resultados: Da combinacédo dos termos de pesquisa obtiveram-se um total de 525
artigos. Apds retirar os 79 artigos duplicados, obteve-se um total de 446. Apds a leitura
do titulo e resumo, 392 registos foram classificados como irrelevantes e excluidos. No

final foram considerados aptos para essa revisao sistematica, 22 artigos

Conclusao: A RV é um método eficaz na redu¢do da ansiedade e dor em criancas
durante o tratamento dentario e demonstrou-se ser mais efetiva do que os métodos
tradicionais. Ao proporcionar uma experiéncia envolvente e imersiva, a RV desvia a
atencdo dos pacientes do ambiente clinico, resultando numa experiéncia mais
positiva e agradavel. No entanto, € importante reconhecer as limitagbes dos estudos
apresentados, sendo necessario investigar todo o potencial da RV em

odontopediatria.

Palavras-chave: Realidade virtual, realidade aumentada, odontopediatria, distracao,

ansiedade dentaria, controlo da dor, controlo comportamental
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ABSTRACT

Background: Virtual reality (VR) has emerged as an innovative tool in the field of
paediatric dentistry, improving anxiety and pain management. By leveraging
immersive and interactive virtual environments, VR technology effectively distracts
and engages young patients during dental procedures, leading to substantial

reductions in anxiety levels and enhancing overall treatment experiences.

Methods: A systematic review was conducted according to the PRISMA guidelines
with the following research question using the PICO format: Does VR () effectively
manage anxiety and pain (O) during a paediatric dental consultation (P) compared to
alternative behavioural control techniques (C)? PubMed/Medline®, SCOPUS, and

Web of Science databases were meticulously searched and analysed.

Results: Search queries identified a total of 525 abstracts from three different
databases. Duplicate articles were removed (n=79), leaving a total of 446 abstracts.
After reading the title and abstract, 392 records were excluded. In the end, 22 articles

were considered suitable for this systematic review.

Conclusion: VR is a highly effective method of behaviour management, successfully
alleviating pain and anxiety in children during dental treatment, surpassing traditional
tools. By offering an engaging and immersive experience, VR effectively diverts
patients' attention away from the clinical environment, fostering a positive and
enjoyable treatment experience. However, it is crucial to acknowledge the limitations
of existing studies, highlighting the need for further research to enhance the

understanding of VR's full potential in paediatric dentistry.

Keywords: Virtual reality, paediatric dentistry, dental anxiety, pain control, behaviour

management
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INTRODUGAO






1. Introducao

1.1 Ansiedade e percepc¢ao dor

Conforme Castillo et al. (2000), a ansiedade € um sentimento de medo, de
incerteza, de inseguranga, que surge quando as pessoas percebem que estdo diante
de uma situagao de futura ameaca, geralmente de algo desconhecido ou estranho.1

A ansiedade desempenha um papel significativo na percepgao e na experiéncia
da dor.? O estado elevado de ansiedade amplifica a sensibilidade a dor, levando ao
aumento da percepgdo da dor e a redugdo da tolerancia a dor.® Além disso, a
ansiedade pode contribuir para a dor antecipatoria, em que os individuos antecipam

a dor antes mesmo de ocorrer o estimulo doloroso real.*>

1.2 Medicao da dor e ansiedade

A medicdo precisa dos niveis de dor e ansiedade € crucial na pesquisa
envolvendo pacientes, pois fornece informacgdes valiosas sobre as experiéncias
subjetivas dos individuos e permite uma compreenséo abrangente do seu bem-estar

psicoldgico e fisioldgico.®” Para isso, medidas formais de avaliagdo s&o essenciais.??

1.2.1 Frankl’s behavior rating scale

A avaliagdo da atitude e cooperacao da criangca durante as consultas € um
aspecto essencial da odontopediatria. Para avaliar esses aspectos comportamentais,
a Frankl Rating Scale foi desenvolvida por Frankl et al. (1962) e desde entado tornou-
se amplamente utilizada no campo.

Esta escala categoriza o comportamento de uma crianga na clinica de medicina
dentaria em quatro categorias distintas, variando de uma classificagcdo de 1
(definitivamente negativa) a uma classificagdo de 4 (definitivamente positiva). A
primeira categoria, classificada como 1, representa um comportamento negativo
definido, como recusa de tratamento, choro forte ou medo evidente. A segunda
categoria, classificada como 2, indica um comportamento negativo caracterizado por
relutdncia em aceitar o tratamento, falta de cooperacgéo ou atitude negativa leve, que



pode se refletir em comportamento taciturno ou retraido. Movendo-se para uma
perspectiva mais positiva, a terceira categoria, classificada como 3, significa um
comportamento positivo em que a crianga aceita o tratamento, pode ser cautelosa as
vezes, mas geralmente segue as instrugdes do dentista cooperativamente. Por fim, a
quarta categoria, avaliada como 4, demonstra um comportamento definitivamente
positivo, com a criangca estabelecendo um bom relacionamento com o dentista,
demonstrando interesse pelo procedimento dentario, e até experimentando alegria e

riso durante a visita.10.11

1.2.2 Facial image scale (FIS)

A FIS oferece um método simples e eficaz para avaliar os niveis de ansiedade
dentaria de criangas, em tempo real. Ao utilizar uma representagao visual das
emocgoes, esta escala permite que as criangas expressem 0s seus sentimentos e
fornece informacgodes valiosas sobre seus niveis atuais de ansiedade.?

A aplicacao da escala envolve apresentar a fileira de faces para a crianga e
solicitar que ela indique qual face melhor representa seu estado emocional atual. A
escala é entao pontuada, atribuindo-se o valor um a face associada ao afeto mais

positivo e um valor cinco a face associada ao afeto mais negativo.’?

1.2.3 Modified child dental anxiety scale (MCDAS)

Uma versdo modificada da Escala de Imagem Facial foi introduzida e
denominada MCDAS."* O MCDAS incorpora uma escala de classificagéo de rostos,
além do formato numérico original. Esta escala modificada foi reconhecida como uma
ferramenta de medigdo confiavel e valida para avaliar a ansiedade dentaria em
criangas com idades entre 8 e 12 anos." A inclusdo da escala de avaliagdo de faces
no MCDAS oferece uma abordagem mais abrangente para capturar o aspecto
emocional da ansiedade dentaria, nessa faixa etaria especifica.'® Ao combinar
representagdes numeéricas e visuais, 0 MCDAS aumenta a precisao e a sensibilidade
da medicdo da ansiedade dentaria em criancas dentro da faixa etaria

especificada.’1°



1.2.4 Screen for child anxiety related disorders questionnaire (SCARED)

O SCARED é um questionario amplamente utilizado e bem estabelecido,
desenvolvido para avaliar sintomas e perturbacdes de ansiedade em criancas e
adolescentes.’” Consiste em versdes para pais e filhos, permitindo uma avaliagéo
abrangente das dificuldades relacionadas a ansiedade. O questionario SCARED
cobre uma variedade de dominios de ansiedade, incluindo ansiedade de separacao,
fobia social, ansiedade generalizada, perturbagdo do panico e fobia escolar.”® Os
participantes classificam a frequéncia e a intensidade de varios sintomas relacionados
com a ansiedade numa escala Likert, fornecendo informagdes valiosas para fins de

triagem e diagnostico.9:20

1.2.5 Wong Baker faces pain rating scale (WBFPS)

A WBFPS é uma ferramenta amplamente utilizada para avaliar os niveis de dor
em criangas de 3 anos ou mais.?! Esta escala consiste em seis rostos de desenhos
animados dispostos em graus crescentes de intensidade de dor da esquerda para a
direita. Cada face recebe um valor numérico numa escala que varia de 0 a 10,
permitindo que as criangas selecionem a face que melhor representa o seu nivel de
dor atual. Os valores numéricos atribuidos sdo usados para determinar a pontuagao
da dor, com pontuagdes mais altas indicando menor tolerancia a dor e pontuagoes

mais baixas indicando dor mais toleravel.822

1.2.6 Visual analog scale (VAS)

A VAS ¢é uma ferramenta comumente utilizada para avaliar a intensidade de
certas sensacodes e sentimentos, como a dor. Consiste em uma linha horizontal de 10
cm com duas extremidades que representam os extremos do comportamento ou
situacao a avaliar, pelo proprio ou pelo clinico/investigador. No contexto da
odontopediatria, o dentista marca o comportamento da crianga, colocando uma linha
vertical que cruza a linha horizontal, em qualquer direcdo proxima ao ponto final

representativo (satisfatério e insatisfatorio). Isso permite uma avaliagdo subjetiva do



comportamento da crianga com base nas agdes observadas durante a consulta de
medicina dentaria.?3

No entanto, existem algumas limitagdes para o seu uso, como dificuldades na
aplicacdo da escala em pacientes com problemas perceptivo-motores. Certas
populag¢des, como individuos com limitagdes cognitivas ou idosos, podem ter taxas
mais altas de ndo preenchimento ao usar a VAS.2324 Além disso, pontuar o VAS

usando uma régua pode ser demorado e potencialmente introduzir viés ou erro.

1.2.7 Legs, activity, cry, consolability’ scale (FLACC scale)

A escala FLACC é uma ferramenta observacional de avaliagdo comportamental
da dor projetada para fornecer aos médicos um método padronizado de avaliagdo da
dor, em pacientes incapazes de a autorrelatar.?®> Ao pontuar a expressao facial do
paciente, movimentos das pernas, nivel de atividade, choro e capacidade de ser
consolado, numa escala de 0 a 10. Uma pontuacgéao total variando de 0 (indicando
nenhuma dor ou angustia) a 10 (indicando dor ou angustia maxima) pode ser
gerado.?® A escala FLACC é comumente recomendada para avaliar a dor de
procedimentos em criangas pequenas, pois oferece uma abordagem simples e

consistente para a avaliagdo da dor.?7-28

1.2.8 Venham's picture test (VPT)

O VPT fornece um meio de avaliar a identificacdo das criangcas com
personagens ansiosos, produzindo informag¢des valiosas sobre o seu estado
emocional. E uma ferramenta de medic&o com oito cartdes, cada um com duas figuras
- uma figura ansiosa e uma figura ndo ansiosa.?%3 As criancas que participam do
teste sdo solicitadas a indicar que figura gostam mais naquele momento especifico.
Os cartdes sao apresentados em ordem sequencial e, para cada selegao da figura
ansiosa, é anotada a pontuagao um ou zero, para a selegao da figura ndo ansiosa. O
numero total de vezes que a figura ansiosa é escolhida € computado para obter uma
pontuagao final, que pode variar de zero (indicando a pontuagdo minima) a oito

(representando a pontuagdo maxima).3'-32



1.3 Ansiedade e dor na odontopediatria

A visita ao médico dentista desencadeia frequentemente quadros de ansiedade,
embora a maioria dos procedimentos ndo cause dor.33 A ansiedade dentaria € o medo
excessivo que os pacientes apresentam antes, durante ou depois de qualquer tipo de
tratamento dentario. Quando intensa, pode levar ao desenvolvimento de fobias.
Podendo apresentar sintomas excessivos de ansiedade dentaria, como sudorese,
tremor, batimentos cardiacos acelerados, nauseas, vomitos ou até mesmo
desmaios.3*3%

Segundo Dahlander et al. 2019, o medo e a ansiedade frente ao tratamento
dentario podem ser causados por diversos fatores, dentre os quais, a ma experiéncia
de alguém proximo, a falta de informacbes sobre o tratamento, a forma como o
tratamento € realizado ou até mesmo os objetos do ambiente. A agulha da anestesia,
o barulho dos instrumentos motorizados, a bata branca utilizado pelo dentista, o uso
de materiais pontiagudos ou alicates, pode desencadear uma crise de ansiedade.?’

A associagao entre estimulos dolorosos, como a picada de agulha durante as
injecdes, o ambiente do consultério dentario em que foi realizado o procedimento e a
vestimenta do médico dentista, levardo a crianca a associar diretamente o médico
com emogodes negativas e sensagdes dolorosas.®

A falta de controlo da ansiedade durante o tratamento pode desencadear um
desequilibrio no sistema nervoso através de um aumentado o tonus simpatico,
resultando numa maior sensagao de dor, aumento da pressao arterial, frequéncia
respiratoria e pulsacdo.38-39

Além disso, a dor e a ansiedade podem levar a evitagao ou recusa nos cuidados
de saude, agravando o quadro de saude geral do doente.®® Heyman et al. 2013,
reportou no seu estudo que a gravidade da fobia/ansiedade dentaria foi fortemente
associada a probabilidade de evitar servicos dentarios no passado e a uma série de
problemas atuais.

No trabalho clinico diario de um odontopediatra, o fator mais importante que
afeta negativamente o tratamento dentario € o medo e a apreensdo frente ao

tratamento.41:42



1.4 Modulacao do comportamento da crianca/jovem na consulta dentaria

A Academia Americana de Odontopediatria (2015) delineou varias técnicas de
controlo comportamental para lidar com a ansiedade e o medo no dentista, em
criangas. Elas sdo farmacoldgicas e nao farmacolégicas. Ambas as técnicas devem
ser usadas para nutrir uma atitude positiva em relacdo a medicina dentaria, aliviar a
ansiedade e realizar cuidados de saude oral de qualidade com seguranca e eficiéncia

para bebés, criangas, adolescentes e pessoas com necessidades especiais de saude.

1.4.1 Métodos farmacolégicos

Em odontopediatria, o controlo do medo e da ansiedade pode ser realizado com
técnicas farmacoldgicas, como o uso de anti-histaminicos, benzodiazepinicos e a
sedacao por inalagdo com protoxido de azoto (N2O/Oz2).444°

Os benzodiazepinicos apresentam efeitos sedativos, ansioliticos e hipnaéticos.
Sao os farmacos de primeira escolha para o controlo da ansiedade no consultério
odontoldgico por apresentarem boa eficacia e segurancga, além de baixa incidéncia
de reacdes adversas, facil administragao e baixo custo. Os benzodiazepinicos mais
comumente empregados na clinica de medicina dentaria sdo: diazepam, lorazepam,
alprazolam, triazolam e midazolam.46:47

O protoxido de azoto (N20) nao tem efeito analgésico, entretanto mantém as
criangas sedadas, mas conscientes durante o tratamento e retorna a atividade normal
apos a interrupcao do medicamento. A técnica consiste em inalar protdxido de azoto
(N20) misturado continuamente com oxigénio com controlo do fluxo e através de uma

mascara nasal.4849

1.4.2 Métodos nao farmacolégicos

As técnicas de controlo de comportamento ndo farmacolégico comumente
usadas sdao a comunicagao verbal, “dizer-mostrar-fazer’, controlo de voz,
comunicacado nao verbal, refor¢co positivo, distracdo e presenga ou auséncia dos

pais.®0:51



A comunicagao desempenha um papel fundamental como método de controle
de comportamento em odontopediatria. Ao estabelecer uma comunicacido efetiva,
empatica com as criangas e adaptada a faixa etaria, os profissionais podem criar um
ambiente acolhedor e seguro, promovendo confianga e reduzindo a ansiedade.52%3

Esta comunicacdo pode ser verbal, tornando a escolha de palavras
extremamente importante na criagdo do ambiente. Também pode ser ndo-verbal, com
alteragdes posturais, expressdes faciais, gestos com as maos, contato visual e toque
em todas as informagbes de transmissdo para a crianga e o pai.’*%(54,55)
Comunicagdo adequada com a crianga, integrada com técnicas comportamentais,
visam estimular a crianga a perceber a medicina dentaria como ndo ameacgadora, para
justificar comportamentos favoraveis que permitam a execucéao de tratamentos de alta
qualidade.%?

A abordagem classica “dizer-mostrar-fazer’, o método mais utilizado, € o
somatoério da explicacdo do procedimento, demonstracdo através dos sentidos
(audigéo, olfato e tato) e por fim a sua execugdo.% Esta estratégia pode ser usada
em antecipacdo ao comportamento negativo. Possui o objetivo de familiarizar o
paciente pediatrico aos procedimentos dentarios.5"-58

O controlo da voz também é eficiente, quando usado para os casos adequados.
A alteracao controlada do volume, tom e velocidade da voz para obtengao de atencao
e cooperacdo da criangca mostra-se eficaz para criancas desatentas, mas
comunicativas. Com excecdo daquelas muito novas para compreender ou com
perturbacdes de desenvolvimento intelectual ou emocional.545°

Outra técnica utilizada para orientar o padrdao de comportamento de uma crianca
no consultério é o reforgco positivo.? A recompensa dos comportamentos que
permitem o tratamento é feita através de elogios e demonstragdes de validagao. Este
procedimento também inclui modulacido de voz, expresséao facial, e demonstracdes
fisicas como certificados de comportamento ou medalhas.526"

Para criangas ansiosas e com fobia a tratamentos médicos ou dentarios, a
distragao pode ser um método eficaz de desviar a atengao do paciente da percepc¢ao
de procedimentos considerados desagradaveis.®? Para além da melhoria do
comportamento durante a consulta, esta técnica também € usada por profissionais de
saude para atenuar a dor e o sofrimento do procedimento.6063

A reducdo da experiéncia subjetiva de dor acontece devido a redugdo da

quantidade de recursos de atencao, que o cérebro do paciente tem disponivel, para

9



processar os sinais neurais recebidos dos sensores de dor.® Sendo assim crucial
para uma orientagdo comportamental bem-sucedida.'”%4 Dentre estas técnicas
destacam-se as que utilizam dispositivos elétricos: 6culos de realidade virtual, musica,

videos, aplicagbes e jogos usados durante as consultas.%5-68

1.5 Realidade virtual

A realidade virtual € uma tecnologia de simulagao tridimensional que pode ser
usada interativamente por meio de um computador. A realidade virtual cria um
ambiente artificial que imita o mundo real, permitindo que os utilizadores

experimentem um mundo alternativo.®®

1.5.1 Como funciona

Existem varios tipos de equipamentos de realidade virtual, desde 6culos de
realidade virtual até sistemas de imerséo total. Os 6culos de realidade virtual sdo os
mais simples e mais acessiveis, e permitem que os usuarios vejam um mundo virtual
tridimensional ao seu redor.?® Os sistemas de imerséo total sdo mais caros e
complexos, e permitem que os utilizadores se movimentem livremente num mundo
virtual.”®

A experiéncia virtual fornece informagdes multissensoriais, através da sincronia
entre o capacete de exibicdo montado na cabecga (fornece uma imagem com uma
sensagao de espaco e profundidade), sensores de movimentos, fones de ouvido, e

joysticks.”"72 Dessa forma é possivel ficar totalmente imerso na simulagao criada.”®

1.5.2 Uso geral

Durante as ultimas duas décadas, a realidade virtual pode ser usada para fins
de entretenimento, educagao, treino, pesquisa e muito mais.”*’® A tecnologia da
realidade virtual esta-se a tornar cada vez mais acessivel e poderosa, e 0s usos
potenciais sdo praticamente ilimitados.””-78

Pode ser usada para criar experiéncias muito reais e envolventes.”® Por

exemplo, os jogos de realidade virtual permitem que os jogadores sejam imersos num
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mundo virtual, onde eles podem interagir com os objetos e outros jogadores.”® Os
jogos de realidade virtual tém-se tornado cada vez mais populares, esta tecnologia

esta-se a tornar cada vez mais acessivel.80

1.5.3 Uso na medicina

No campo meédico, como uma ferramenta eficaz e eficiente para prevenir
perturbagbes emocionais como a ansiedade®'-83 e lesdes fisicas em processos de
reabilitagdo.848% Ultimamente, tem havido um interesse crescente no uso da
tecnologia de realidade virtual como método de reducgéo da dor.86:87

Também esta sendo usada para fins educacionais ou de investigacdo.88 A
exemplo do treino de médicos, enfermeiros e médicos dentistas, permitindo que eles
experimentem situagdes médicas reais antes de tratarem pacientes reais.%-2

A realidade virtual é utilizada como medida de distracdo durante procedimentos
clinicos dolorosos associados ao uso de agulhas.?® Esses procedimentos incluem
vacinagoes, recolha de sangue ou administracdo de medicamentos, que podem fazer
com que as criangas sintam niveis aumentados de dor e medo.% Devido as suas
propriedades imersivas, interativas e multissensoriais, a RV torna mais facil desviar a
atencdo desses procedimentos dolorosos, para que as criangas tenham uma
percepcao reduzida aos sinais de dor, neutralizando-os com uma experiéncia de
estimulos agradaveis.%%

A exemplo do estudo de Althumairi et al. 2021, que através de questionarios e
observacgdes durante as vacinacgoes, eles coletaram dados e ofereceram RV como
uma intervencéao para reduzir o desconforto e a ansiedade relacionados a vacinagao.
Os resultados indicaram beneficios significativos, proporcionando uma experiéncia
mais positiva para as criangcas durante o procedimento. No entanto, € importante
ressaltar que este foi um estudo observacional, limitando a capacidade de estabelecer
uma relacao causal entre o uso da RV e os resultados observados.

Durante o procedimento de aspiragcao de medula éssea e biopsia, a RV também
tem mostrado bons resultados na reducdo da ansiedade e da percepcédo da dor.
Como pode ser observado no estudo de Korkmaz et al. 2023, que forneceu RV para

o grupo teste. No entanto € preciso levar em consideragdo a existéncia de outros
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fatores que podem influenciar a experiéncia do paciente durante o procedimento. A
exemplo de pacientes que passaram anteriormente por procedimentos invasivos.%8-9

Resultados positivos também sao encontrados em protocolos para reducéo da
ansiedade nos exames imaginologicos. Antes dos exames, a exemplo do estudo
Yang et al. 2019, que usou o VR para realizar simulagbées com os pacientes. Ou
durante, como pode ser observado em Garcia-Palacios et al. 2007, que utilizou um
dispositivo de RV durante do exame de ressonancia magnética e mostrou-se mais
eficaz na redugao temporaria dos sintomas de claustrofobia comparado ao seu grupo

teste (musica).

1.5.4 Uso na medicina dentaria

Na medicina dentaria, apesar de ainda nao propriamente difundida, RV tem-se
mostrado uma ferramenta benéfica para a pratica clinica em diversas
especialidades.”6:102

No campo da cirurgia oro-maxilo-facial, os sistemas de RV podem incluir e
emular uma variedade de fungdes, como serrar ossos, perfurar orificios e fixar a
localizagdo com feedback de forga haptica para simular melhor os procedimentos
cirargicos. Além disso, outra plataforma de simulacado baseada em VR permite que os
cirurgides interajam com o mundo virtual, naturalmente com as méos, por meio de
controladores de rastreamento vestiveis.03.104

Na protese dentaria, o uso do articulador virtual combinando a realidade virtual,
minimiza as limitagdes dos articuladores mecanicos e simula dados reais do paciente
para permitir a analise da oclusio estatica e dindmica e das relacbes mandibulares
com préteses. 05106

Para a educacido em saude oral de pacientes idosos e jovens, a realidade virtual
pode ser considerada uma ferramenta importante. Ainda ndo ha muitos estudos sobre
0 uso da realidade virtual para a educacao em saude oral, mas 0s poucos que existem
mostram que ela pode ser uma ferramenta eficaz. Um estudo de Genaro et al. 2022
descobriu que a realidade virtual foi eficaz para ajudar os alunos a aprenderem como

escovar os dentes.
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Na pediatria, podem ser implementados na educagéo e manutengéo da higiene
oral.’” Em adicdo, a diminuicdo da ansiedade e dor também podem ser
experienciadas com o uso desta tecnologia.®

A odontopediatria € uma das especialidades mais desafiadoras da medicina
dentaria, pois o fator mais comum que determina os resultados do tratamento em tais
pacientes é sua adesdo e cooperagdo.6%1% Os pacientes pediatricos geralmente
apresentam grande ansiedade no consultério dentario.*?

Para diminuir os niveis de ansiedade e stress desses pacientes, a realidade
virtual € uma das ferramentas inovadoras que tem sido discutidas na literatura,
embora de forma limitada.®6.102

A terapia de exposicao a realidade virtual € um tipo de tratamento que usa a
tecnologia de realidade virtual para ajudar os pacientes a superar o medo de
procedimentos dentarios.’® A terapia pode ser usada para ajudar pacientes
pediatricos que tém medo de ir ao dentista ou dos procedimentos dentarios. Como
exemplo da primeira situacdo. Os pacientes experimentam todo o cenario
virtualmente, antes do inicio do procedimento real. Assim, sao ajudados a entender o

tratamento e enfrentar os seus medos num ambiente seguro e controlado. 0111

1.5.5 RV e a modulagao do comportamento

Nos ultimos anos, a realidade virtual tornou-se popular em estudos de pesquisa
clinica como uma técnica inovadora de modulagdo do comportamento pediatrico. %8
Segundo McCaul et al. 1992, um individuo deve se concentrar nos estimulos
dolorosos para perceber a dor. Logo, a RV nao atua nos mecanismos fisiopatolégicos
da dor, mas sim na percepc¢ao e ateng¢ao do paciente a dor.

O ensaio clinico randomizado conduzido por Xiang et al. 2021 comparou a
eficacia da distracao de RV ativa e passiva baseada em smartphone com o tratamento
padrdo no tratamento da dor de queimadura em pacientes pediatricos. O estudo
envolveu uma amostra de pacientes pediatricos em tratamento para queimaduras,
que foram aleatoriamente designados para receber distracdo de RV baseada em
smartphone ou atendimento padrdo. Os pesquisadores mediram os niveis de dor
usando ferramentas validadas de avaliagdo da dor e avaliaram a satisfacdo e a

experiéncia do paciente com as intervencoes.
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Os resultados mostraram que as técnicas de distracdo de RV ativas e passivas
foram eficazes na reducdo da dor relacionada a queimadura e na melhoria da
experiéncia geral de pacientes pediatricos em comparagao com o tratamento padrao.
Os resultados sugerem que a distracdo de RV baseada em smartphone pode ser uma
intervencdo ndo farmacoldgica valiosa para o controle da dor em pacientes

pediatricos queimados.
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2. Materiais e métodos

A revisdo sistematica € um tipo de estudo que tem como objetivo avaliar e
sintetizar a evidéncia disponivel numa determinada area de pesquisa. Ela é realizada
por meio de uma pesquisa rigorosa e sistematica da literatura cientifica, incluindo
artigos publicados em revistas cientificas e outros tipos de documentos relevantes. A
revisao sistematica permite identificar as lacunas no conhecimento existente, avaliar
a qualidade dos estudos incluidos e fornecer uma sintese dos resultados
encontrados. Essa sintese pode ser usada para informar a tomada de decisdes
clinicas ou politicas, bem como para orientar futuras pesquisas na area.

A presente revisdo sistematica fundamentou-se nas guidelines PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses), e foi definida
a questdao de investigacdo através do formato PICO (Population, Intervention,

Comparison, Outcome).

2.1 Questao de investigagao PICO

Segundo Donato et al. 2019, “Antes de efectuar a pesquisa, é crucial definir
explicitamente a questao de investigacao”. Deste modo, a presente revisdo objetiva
estudar a seguinte questao: Na populagao pediatrica (P), a realidade virtual () auxilia
no controlo da ansiedade e dor (O) numa consulta de medicina dentaria comparando

com outras técnicas de controlo comportamental (C)?

2.2 Estratégia de pesquisa

A pesquisa bibliografica foi realizada em janeiro de 2023, nas bases de dados
PubMed/Medline®, SCOPUS e Web of Science, tendo como objetivo a resposta a
pergunta de investigacdo, considerando o objetivo e os critérios previamente
definidos.

Na PubMed/Medline® serdo combinados diferentes termos Mesh (medical
subject headings) e keywords, com os operadores booleanos, “AND” e “OR” na
Scopus e Web of Science foi usada a mesma estratégia de pesquisa, com termos de
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texto livre. As frases de pesquisa utilizadas nas diferentes bases de dados encontram-
se na tabela 1.

A presente revisdo sistematica foi registado no “International Prospective
Register of Systematic Reviews” (PROSPERO) com o numero de registo
CRD42023409674 (Anexo 1).

2.3 Filtros de pesquisa

Para limitar a pesquisa, foram aplicados alguns filtros na pesquisa, quanto ao tipo
de estudo, populagao-alvo, data de publicacéo e idioma. Estes foram adequados a

cada base de dados (Tabela 2).

2.4 Critérios de inclusao e exclusao

Critérios de inclusdo e exclusdo foram estabelecidos para delinear a pesquisa
desta revisao sistematica de acordo com sua tematica.

Os critérios de inclusao dos estudos foram os seguintes:
(1) Estudos concebidos como ensaios clinicos randomizados (RCTs) e néo
randomizados, desenhos de estudos experimentais e de caso-controlo com um
relatério de texto completo
(2) Artigos de Janeiro de 2003 a janeiro de 2023
(3) Criangas menores de 18 anos
(4) Intervencdes de realidade virtual para controlo da ansiedade e dor durante
procedimentos dentarios

Critério de exclusao:
(1) Revisdes sistematicas/narrativas, metanalises e relatos de caso
(2) Estudos sem um relatério de texto completo
(4) Pacientes Invisuais e/ou surdos.
(5) Uso de dispositivos 2D
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2.5 Extracao de dados

As publicagdes obtidas das trés bases de dados (PubMed/Medline®, Scopus e
Web of science) foram exportadas para o software gerenciador de bibliografias
Parsifal onde foram excluidas as réplicas. Em seguida, os dados dos artigos/estudos
selecionados foram registrados num formulario padronizado num ficheiro do Microsoft
Excel®, com os seguintes itens: nome do autor, data de publicacdo, tipo de

investigagéo, objetivos, amostra, grupo controlo, resultados e conclusées.

2.6 Processo de triagem

Duas pesquisadoras (DP e PC) conduziram de maneira autbnoma o
procedimento de pesquisa e triagem da revis&o sistematica de acordo com os critérios
de inclusdo e exclusdo pré-estabelecidos. Em caso de discordancia entre os
pesquisadores, um terceiro pesquisador (AM) faria o desempate.

O primeiro passo consistiu na analise dos titulos e resumos. Aqueles que
indicaram estar de acordo com os critérios da pesquisa seguiram para o segundo
passo, a leitura minuciosa dos artigos completos. Depois da avaliagdo de todo o
conteudo dos estudos possivelmente pertinentes, os estudos escolhidos foram
incorporados nesta revisao sistematica.

Os documentos que foram encontrados em multiplas bases de dados foram

contabilizados apenas uma vez.
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Table 1: Research methodology in databases

PUBMED

#1

“VR"[AIl Fields] OR "virtual reality"[All Fields] OR "augmented reality"[All Fields] OR "AR"[All Fields] OR "mixed reality"[All Fields] OR "Audiovisual distraction"[All Fields] OR
"audiovisual"[All Fields] OR "Audiovisual Aids"[All Fields] OR "headset*"[All Fields] OR "vr headset*"[All Fields] OR "virtual reality headset"[All Fields] OR "AR headset"[All
Fields] OR "augmented reality headset"[All Fields] OR "Artificial intelligence"[All Fields] OR "VR goggles"[All Fields] OR "virtual reality goggles"[All Fields] OR "AR goggles"[All
Fields] OR "augmented reality goggles"[All Fields] OR "Virtual Reality Exposure Therapy"[All Fields] OR "VR Exposure Therapy"[All Fields] OR "Augmented Reality Exposure
Therapy"[All Fields] OR "Virtual Reality Exposure Therapy"[MeSH Terms] OR "Audiovisual Aids"[MeSH Terms] OR "augmented reality"[MeSH Terms]

#2

"child, preschool"[MeSH Terms] OR "preschool child"[All Fields] OR "paediatric population"[All Fields] OR "paediatric patient*"[All Fields] OR "child"[MeSH Terms] OR
"child*"[All Fields] OR "adolescent"[MeSH Terms] OR "adolescen*"[All Fields] OR "pre schooler*"[All Fields] OR "youth"[All Fields] OR "teenager*"[All Fields] OR "teen*"[All
Fields] OR "preteen*"[All Fields] OR "pre teen*"[All Fields] OR "pediatrics"[MeSH Terms] OR "paediatric*"[All Fields] OR “Autistic Disorder’ [MeSH Terms] OR “Autism”[All
Fields] OR “Down Syndrome”[MeSH Terms] OR “Down Syndrome”[All Fields]

#3

"Pain"[All Fields] OR "Pain Management"[All Fields] OR "dental pain"[All Fields] OR "Pain Perception"[All Fields] OR "Anxiety"[All Fields] OR "Dental anxiety"[All Fields] OR
"anticipatory anxiety"[All Fields] OR "fear"[All Fields] OR "stress"[All Fields] OR "Dental anxiety"[MeSH Terms] OR "Pain Management"[MeSH Terms] OR "Pain"[MeSH Terms]
OR "Pain Perception"[MeSH Terms]

#4

"dental care"[All Fields] OR "dental procedure*'[All Fields] OR "dental operation*"[All Fields] OR "dental appointment*'[All Fields] OR "dental treatment*"[All Fields] OR
“dent*’[All Fields] OR “dental hospital*’[All Fields] OR “dentistry’[MeSH Terms] OR "dental care"[MeSH Terms]

#5

#1 AND #2 AND #3 AND #4
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Table 1: Research methodology in databases cont.

SCOPUS
#1 “VR" OR "virtual reality" OR "augmented reality" OR "AR" OR "mixed reality" OR "Audiovisual distraction" OR "audiovisual" OR "Audiovisual Aids" OR "headset™ OR "vr
headset*™ OR "virtual reality headset" OR "AR headset" OR "augmented reality headset" OR "Atrtificial intelligence" OR "VR goggles" OR "virtual reality goggles" OR "AR
goggles" OR "augmented reality goggles" OR "Virtual Reality Exposure Therapy" OR "VR Exposure Therapy" OR "Augmented Reality Exposure Therapy"
#2 "preschool child" OR "paediatric population" OR "paediatric patient*" OR "child*" OR "adolescen*" OR "pre schooler*" OR "youth" OR "teenager*" OR "teen*" OR "preteen*"
OR "pre teen*" OR "paediatric*" OR "Autistic Disorder" OR "Autism" OR "Down Syndrome"
#3 "Pain" OR "Pain Management" OR "dental pain" OR "Pain Perception” OR "Anxiety" OR "Dental anxiety" OR "anticipatory anxiety" OR "fear" OR "stress"
#4 "dental care" OR "dental procedure*" OR "dental operation*" OR "dental appointment*" OR "dental treatment* OR “dent*” OR “dental hospital*”
#5 #1 AND #2 AND #3 AND #4
WEB OF SCIENCE
#1 (VR) OR (virtual reality) OR (augmented reality) OR (AR) OR (mixed reality) OR (Audiovisual distraction) OR (audiovisual) OR (Audiovisual Aids) OR (headset*) OR (vr
headset*) OR (virtual reality headset) OR (AR headset) OR (augmented reality headset) OR (Atrtificial intelligence) OR (VR goggles) OR (virtual reality goggles) OR (AR
goggles) OR (augmented reality goggles) OR (Virtual Reality Exposure Therapy) OR (VR Exposure Therapy) OR (Augmented Reality Exposure Therapy)
#2 | (preschool child) OR (paediatric population) OR (paediatric patient*) OR (child*) OR (adolescen*) OR (pre schooler*) OR (youth) OR (teenager*) OR (teen*) OR (preteen*) OR

(pre teen*) OR (paediatric*) OR (Autistic Disorder) OR (Autism) OR (Down Syndrome)

#3 (Pain) OR (Pain Management) OR (dental pain) OR (Pain Perception) OR (Anxiety) OR (Dental anxiety) OR (anticipatory anxiety) OR (fear) OR (stress)
#4 (dental care) OR (dental procedure*) OR (dental operation*) OR (dental appointment*) OR (dental treatment*) OR (dent*) OR (dental hospital*)
#5 #1 AND #2 AND #3 AND #4
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Table 2: Search filters

PUBMED

2003 — 2023, Humans, English, full text, Clinical study, Clinical trial, Controlled clinical trial,
Evaluation study, Multicenter study, Observational study, Pragmatic clinical trial, Randomized

controlled trial, Twin study, Validation and Comparative studies

SCOPUS

English; 2003-2023; Articles

WEB OF SCIENCE

English; 2003-2023; Articles
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3. Resultados

3.1 Selecao dos estudos

As consultas de pesquisa identificaram um total de 525 resumos de trés bases
de dados diferentes (Fig. 1). Os 79 artigos duplicados foram retirados, deixando um
total de 446 resumos unicos. Apos a leitura do titulo e resumo, 392 registos foram
classificados como irrelevantes para a questao PICO da revisao e excluidos. Um total
de 54 artigos foram selecionados para anadlise de texto completo. Destes, 5 era
revisdes sistematicas, 24 artigos foram excluidos por usarem 6culos audiovisuais sem
imersao 3D e 3 tinham como amostra individuos maiores de 18 anos. No final foram

considerados aptos para presente revisao sistematica, 22 artigos.

3.2 Concordancia inter-examinadores

O método escolhido para realizar a avaliacdo da concordancia e confiabilidade
entre pesquisadores foi o coeficiente Kappa de Cohen. O coeficiente varia de -1 a 1,
onde valores mais proximos de 1 indicam uma concordancia maior entre os revisores,
enquanto valores mais proximos de -1 indicam uma discordancia maior.'°

O valor de kappa obtido de 1, nas varias fases de selegdo. Estes valores sao

considerados uma excelente concordancia.

3.3 Caracteristicas do estudo

Os estudos incluidos nesta revisao sistematica geraram resultados que foram
organizados em cinco tabelas. Todas as tabelas possuem uma coluna que lista o
numero de cada artigo, para facilitar a leitura e a correlagao entre os estudos e os
parametros avaliados.

Foram incluidos nesta analise 22 estudos, conduzidos em varios paises,
incluindo Turquia, Irdo, india, China, Jordania, Espanha, Siria, Itdlia e Indonésia.
Numa tabela (Tabela 3), € possivel identificar os artigos por meio de informagdes
como os autores, o titulo, o ano, o pais e o tipo de estudo.
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Os estudos investigaram a eficacia de varias técnicas de RV, como RV imersiva
e ndo imersiva, e compararam-nas com diferentes técnicas de controlo do
comportamento em odontopediatria, como distragcado audiovisual, distracéo passiva e
técnica de “dizer-mostrar-fazer’. Envolveram um total de 2.558 participantes. A
maioria dos estudos incluiu criangas com idades entre 5 e 12 anos. Alguns estudos
incluiram criangas com idades mais especificas, como 7-9 anos ou 5-8 anos. (Tabela
4).

Os procedimentos dentarios avaliados variaram entre os estudos.
Procedimentos com e sem injegdes anestésicas, profilaxias, tratamentos
endodonticos, compdsitos e extracbes dentarias. Em denticdo temporaria ou
permanente (Tabela 5). Entretanto, nem todos os estudos serem especificos quanto
aos procedimentos dentarios realizados.

Como avaliagao da ansiedade e percepcao da dor, os estudos selecionados na
presente pesquisa tiveram, como critérios de analise, afericdes relacionadas a dor,
ansiedade, batimentos cardiacos, cortisol salivar, comportamento e medo. As
metodologias empregues para a mensuragao desses fatores estao registradas numa
tabela (Tabela 8). Os parametros avaliados foram a ansiedade, percepg¢ao da dor,
comportamento, medo e cybersickness. Observou-se que a ansiedade foi o aspecto
mais investigado, 16 artigos, enquanto a percepcao de dor foi abordada em 13 artigos.

Nesta revisdo sistematica, também foram observados os diferentes modelos e
marca comercial dos 6culos de RV. Apenas 5 dos 22 artigos incluidos né&o
apresentaram qualquer especificagao do dispositivo de RV utilizado (Tabela 9).

Os resultados foram separados primeiramente em tabela (Tabela 6) pelo
objetivo de avaliacdo de cada estudo individualmente. Dor, ansiedade,
comportamento e cybersickness, por exemplo. Nem todos os estudos abordaram as
mesmas questdes. Em seguida, os resultados foram discutidos e organizados de

acordo com a técnica utilizada como grupo teste.
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Identification

Selection

Eligibility

Included

Pubmed
(n =90)

Scopus
(n =106)

Web of science
(n =329)

Records screened (n =525)

v

Duplicate records removed
(n=79)

Total number of articles after extracting duplicates (n= 446)

Articles excluded after
reading the title and abstract
(n=392)

K=1
Articles whose full text was analyzed (n= 54)
K=1

Articles excluded:
Not using 3D technology (n=24)
Systematic reviews (n=5)
Over 18 years old (n=3)

Studies included in review (n =22)

K= coeficiente kappa de cohen

Figure 1- PRISMA search strategy




Table 3: Identification of selected articles

Article Authors Title Study design
Year
Country
A1116 Ozukoc et al. Reducing anxiety in children with molar hypomineralization using virtual reality - A | Randomized crossover study
2020 randomized crossover study
Turkey
A2117 Baniebrahimi et al. Effects of Virtual Reality Versus Game Applications on Children’s Dental Fear: A | Randomized clinical trial
2022 Randomized Clinical Trial
Iran
A3"8 Shetty et al. Effect of Virtual Reality Distraction on Pain and Anxiety During Dental Treatment | Randomized controlled clinical
2019 in 5 to 8 Year Old Children trial
India
A411° Kumari et al. Immersive and Non-Immersive Virtual Reality Distraction on Pain Perception to | Randomized clinical trial
2021 Intraoral Injections
India
A5120 Ran et al. Application of virtual reality on non-drug behavioral management of short-term | Randomized clinical trial
2021 dental procedure in children
China
A6 Alshatrat et al. Effect of immersive virtual reality on pain in different dental procedures in children: | Randomized clinical trial
2022 A pilot study
Jordan
AT22 Gomez-Polo et al. Behaviour and Anxiety Management of Paediatric Dental Patients throughVirtual | Randomized Clinical Trial

2021
Spain

Reality: A Randomised Clinical Trial
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Table 3: Identification of selected articles cont.

Article Authors Title Study design
Year
Country
A8123 Du et al. A digital intervention using virtual reality helmets to reduce dental anxiety of | Randomized controlled clinical
2022 children under local anaesthesia and primary teeth extraction: A randomized trial
China clinical trial
A9 Aditya et al. Comparison of effectiveness of three distraction techniques to allay dental Randomized controlled clinical
2021 anxiety during inferior alveolar nerve block in children: A randomised controlled trial
India clinical trial
A10'% Nuvvula et al. Effect of audiovisual distraction with 3D video glasses on dental anxiety of | Randomized Clinical Trial
2015 children experiencing administration of local analgesia: A randomised clinical trial
India
A11126 Murali et al. Impact of Virtual Reality Distraction Technique on Dental Anxiety during short Non-Randomised Clinical Trial
2021 Dental Procedure among 5-8 Years Children: A Non-Randomised Clinical Trial
India
A121%7 Felemban et al. Effect of virtual reality distraction on pain and anxiety during infiltration Randomized clinical trial
2021 anaesthesia in paediatric patients: a randomized clinical trial
Saudi Arabia
A13128 Al-Halabi et al Effectiveness of audio visual distraction using virtual reality glasses versus tablet Randomized clinical trial
2018 device in child behavioural management during inferior alveolar nerve block
Syria
A14129 Buldur et al. Does Virtual Reality Affect Children's Dental Anxiety, Pain, And Behaviour? A Randomized two-armed, within-
2021 Randomised, Placebo-Controlled, Cross-Over Trial subject cross-over placebo-
Turkey controlled trial
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Table 3: Identification of selected articles cont.

Article Authors Title Study design
Year
Country
A15130 Sharma et al. Effectiveness of Virtual Reality Glasses Digital Screens and Verbal Command | Randomized controlled clinical
2021 as a Method to Distract Young Patients during Administration of Local | trial
: Anesthesia
India
A16131 Khan et al. Passive distraction: A technique to maintain children’s behavior undergoing | Prospective observational study
2019 dental treatment
India
A17132 Atzori et al. Virtual Reality Analgesia for Pediatric Dental Patients Randomized crossover study
2018
Italy
A18133 Niharika et al. Effects of distraction using virtual reality technology on pain perception and | Randomized
2018 anxiety levels in children during pulp therapy of primary molars single-blind-controlled crossover
India
A19134 Pande Effectiveness of different behavior guidance techniques in managing children | Randomized control study
2020 with negative behavior in a dental setting: A randomized control study
India
A20135 Greeshma et al. Comparative Evaluation of the Efficacy of Virtual Reality Distraction, Audio | Randomized controlled clinical
2021 Distraction and Tell-show-do Techniques in Reducing the Anxiety Level of | trial
India Pediatric Dental Patients: An In Vivo Study
A21136 Zaidman et al. Distraction With Virtual Reality Goggles in Paediatric Dental Treatment: A | Randomized crossover
2022 Randomised Controlled Trial Controlled Trial
Israel
A22137 Kaswindiarti et al. The effect of virtual reality distraction on pain perception of children aged 7-9 | Randomized controlled clinical

2022
Indonésia

years during anesthesia procedure with the jet injector in dental treatment

trial
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Table 4: General information of the included studies

Article Sample Groups Aims
A116 23 Group 1: VR game. To evaluate anxiety levels during dental treatments in children
10-12 years | Group 2: Conventional behaviour management techniques with molar incisor hypomineralisation (MIH)-affected teeth.
A2117 42 Group 1: Virtual reality glasses To evaluate dental anxiety and fear.
5-8 years Group 2: Dental simulation game apps prior to treatment.
A3"8 120 Group 1: Conventional behaviour management techniques To evaluate pain and anxiety during short invasive dental
5—-8years | Group 2: Virtual reality glasses procedures.
A4'1° 200 Group 1: Immersive VR To evaluate perceived pain during intraoral injections in
6-12-years | Group 2: Non-immersive VR (cartoon movies) children undergoing dental procedures.
A5'20 120 Group 1: Virtual reality glasses during the procedure To evaluate anxiety, pain, and compliance scores in
4-8years | Group 2: Tell-show-do (TSD) perioperative children.
A6 54 Group 1: Dental procedures not requiring local anaesthesia To evaluate the effectiveness of virtual reality on pain
5-12 years Sub group A1: VR perception in dental procedures in children.
Sub group A2: conventional
Group 2: Painful dental procedures requiring local anaesthesia
Sub group B1: VR
Sub group B2: Conventional
A7 80 Group 1: Conventional behaviour management techniques To evaluate anxiety and behaviour of paediatric patients
5-10 years | Group 2: Virtual reality glasses during their dental treatment.
A8123 128 Group 1: Conventional behaviour management techniques To evaluate dental anxiety, pain perception, behaviour
4-9 years Group 2: Virtual reality glasses triggered and occurrence of simulator sickness in local

anaesthesia and primary teeth extraction.
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Table 4: General information of the included studies cont.

Article Sample Groups Aims
A9124 60 Group 1: Fidget spinner To evaluate the anxiety levels of children subjected to inferior
6-9 years | Group 2: Kaleidoscope alveolar nerve block.
Group 3: Virtual reality
Group 4: No distraction
A10'2 a0 Group 1: Basic behavior guidance techniques To evaluate dental anxiety of children
7-10years | Group 2: Music
49 M and 41 F| Group 3: Virtual reality
A11126 75 Pre and post intervention To evaluate pain and anxiety during short invasive dental
5-8 year procedures.
A121%7 50 Group 1: VR goggles To evaluate anxiety and pain during buccal infiltration
6- 12 years | Group 2: Regular screen anaesthesia
A13'28 102 Group 1: Basic behaviour guidance techniques. To evaluate anxiety levels of anxious paediatric patients during
6 -10 years Group 2: Virtual reality inferior alveolar nerve block (IAN) block
60 M and 42 F| Group 3: Tablet device and wireless headphones
A14' 78 Group 1: Attention placebo-controlled To evaluate dental anxiety, pain, and behaviour at different
7 -11 years Group 2: Virtual Reality time points among children undergoing dental treatment under
local anaesthesia
A15130 97 Group 1: Verbal method To evaluate dental pain reaction in children during
4-8 years Group 2: Virtual Reality administration of local anaesthesia.

Group 3: Digital screens
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Table 4: General information of the included studies cont.

Article Sample Groups Aims
A16731 100 Group 1: Normal dental setup To evaluate children’s behaviour during dental treatment.
4-10 year Group 2: Visual Reality Glasses 3D Box
A17132 5 1st visit: Visual Reality Glasses 3D Box To evaluate the feasibility and pain management in children
7-17 years | 2nd visit: Basic behaviour guidance techniques. and adolescents undergoing painful dental procedures.
A18'33 40 Group 1: Visual Reality Glasses 3D Box To evaluate pain and anxiety during pulp therapy in paediatric
4 - 8 years Group 2: Basic behaviour guidance techniques. patients considering childhood anxiety-related disorders
during dental treatment.
A19134 60 Group 1: Tell-Show-Do (TSD) To evaluate pre and post-operative dental fear/anxiety levels
5-8 years Group 2: Audio using physiological and non-physiological parameters of
Group 3: Virtual reality uncooperative paediatric patients
Group 4: Mobile Phone Game
A20'35 90 Group 1: Virtual reality To compare the efficacy of virtual reality distraction, audio
6 to 8 years Group 2: Audio distraction, and tell-show-do techniques in reducing the anxiety
Group 3: TSD level of paediatric dental patients.
A21136 4-12 years Group 1: VR device To evaluate pain perception during local anaesthesia
Group 2: Without VR device administered using the inferior alveolar nerve block technique
and rubber dam placement during paediatric dental treatment.
A22137 120 Group 1: Conventional behaviour management techniques To evaluate pain and anxiety during short invasive dental
5-8 years Group 2: Received the VR device procedures.
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Table 5: Results and conclusions

Article

Results

Conclusion

A1116

CPMAS: playing VR games compared to no VR revealed a statistically significant difference
(p<0.05). Scores were lower when VR was used across all MIH severity levels.

Children with MIH-affected teeth who are
distracted from dental procedures using 3D
VR games experienced less dental anxiety.

A2117 FIS: not significantly different between the groups (P=0.068). VR during dental procedures was more
MCDAS: significantly lower in the VR group compared with the app group (P=0.002). effective than preoperative use of dental
simulation game apps for reduction of dental
anxiety and fear.
A3"8 Pain and anxiety: Significant reduction using VR distraction (p<0.001, p=0.002). VR distraction can be used as a successful
Salivary cortisol levels: decrease significantly greater using VR distraction (p<0.001). behaviour modification method in children
undergoing short invasive dental
treatments.
A4'1° MCDAS: higher in non-immersive group (20.72 + 2.822) as compared to immersive group (10.99 +| 3D VR is an effective way to distract children
2.227). during dental procedures. The immersive
VAS: higher in non-immersive group (2.72 + 0.99) as compared to immersive group (0.75 + 0.88). | nature of VR was found to decrease anxiety
WBFRS: higher in non-immersive group (2.78 + 1.097) as compared to immersive group (0.82 + and pain perception compared to intraoral
1.104). injection in a non-immersive reality
environment.
A5120 Anxiety: The decrease for the VR group and control group were 8 (7, 11) and 5 (5, 7), p < 0.05. The use of VR significantly reduced the
Compliance: Same, control group 3 (2, 3), and VR intervention were 3 (3, 4), p = 0.02. anxiety and pain of children and the length
Pain: Significant reduction when using VR distraction (p < 0.05). of the dental procedure and improved the
Treatment time: VR group (19.0 2 + 5.32 min) was shorter than the control group (27.80 + 10.40 compliance of - children that u.nderwent
min). short-term dgntal procedures without an
adverse reaction.
A6 Pain: using VR, Group 2 had reductions in pain intensity/worst pain (p<0.05). Group 1 showed the| VR was found to be an effective distraction

predicted pattern but no significant reduction in worst pain during VR.

tool to ease pain and anxiety for children
receiving painful dental procedures.
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Table 5: Results and conclusions cont.

Article

Results

Conclusion

A7122

Anxiety: Significantly reduced by VR (95% of the children were happy)

Behaviour: Improved by VR. 100% positive behaviour as compared to the control group (40% and
57.5%, respectively).

VR can effectively distract a paediatric
patient, helping to reduce anxiety and
manage behaviour during dental treatment

A8123 Fear: VR group was significantly decreased after dental treatment (p = .02). The use of VR in primary teeth extraction
Pain: VR group was significantly lower than that in the control group (p = .015) can significantly reduce dental anxiety and
Behaviour: No significant difference between VR and control group (p = .35) pain perceptpn in .ch|ldren without
S$SQ: No significant difference between VR and control group (p = .305). occurrence of simulator sickness.

A9124 Anxiety: FS, KC and VR had significantly lower scores compared to no distraction FS had the lowest| Fidget spinner, kaleidoscope, and VR seem
score (1.1111 £ 1.2472), VR (1.8444 + 1.7832) and KC (2.2667 + 2.7086) to be effective distraction methods and can
Pulse rates: FS (97.4103 + 16.3312) and VR (100.4103 + 13.446) had lower mean rates. KC| be recommended as effective approaches
(107.7692 + 18.6123) and no distraction (112.9487 + 13.2572) had comparable high rates. to help alleviate children’s dental anxiety
Oxygen saturation: remained non-significant between all the Groups (p > 0.05). during IANB procedures.

A10'%5 | Anxiety: RV (8.3 = 2.5) had a significant reduction compared to music (14.1 £ 4.4) and control (20.9| LA administration with music or 3D glasses
+7.2). were effective. However, high levels of
Pulse rate: Music and RV groups showing less elevation in the mean pulse rate values (104.56 | satisfaction and lower level of anxiety were
2.9; 109.39 + 5.0) compared to the control group (118.96 + 13.1) observed from children with 3D glasses.
Behaviour: highly significant reduction between control and RV (p=0.003**)

A11'28 | Anxiety: there’s a statistically significant difference (p=0.03) between the pre (3.6 £ 1.08) and post| VR helps the child to overcome dental
intervention (1.5 £ 0.76) when using virtual reality glasses. anxiety during minor dental procedures.

A12'27 | Heart rate: significantly higher (p=0.017*) with VR (100.00 + 15.52) compared to control group| VR has a similar effect to screen distraction

(89.44 £ 13.59). But not statistically significantly different when comparing from baseline.
Pain: FLACC slightly higher using VR (2.58 £ 1.99) compared with the control group (2.18 £ 2.29);
But not statistically significant (P =0.497).

WBFS lower using VR (2.40 £ 2.82) compared with the control group (2.72 +2.99); But not
statistically significant (P =0.707).

on heart-rate levels and pain during buccal
infiltration anaesthesia among paediatric
patients.
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Table 5: Results and conclusions cont.

Article Results Conclusion

A13'28 | Pain: No statistically significant difference between RV and Tablet reported by WBFS (p = 0.536) | Tablet was the best in relieving dental
and FLACC (p = 0.454). anxiety and pain during IAN block. Although
Pulse rate: Lower in Tablet compared to RV and control. Statistically significant difference (p = | VR had no added advantage in a majority of
0.043). children, it was more acceptable in older

patients (8- 10 years).

A14'2 | Heart rate: Significant reduction in dental pain and anxiety was observed in the VR group. VR significantly reduced pain and anxiety
Anxiety: Decreased associated with the first visit sequence with VR (p=0.001). during local anaesthesia in children

Lower during local anaesthesia in the VR group than in the APC group. undergoing dental treatment.
Behaviour: No difference between the groups (p=0.978).

A15'30 | Pain: Less in RV (1.94+2.299) than digital screens (3.67+2.769) and highest in Verbal group | VR proved to be most effective in children
(6.88+£2.637). 4—6 age group (4.30+£3.451) is more than in 7-8 years of age group (3.83+2.854). | and helped in reducing children's disruptive
But no statistically significant difference (p = 0.520). behaviour in the dental setting.

A16'3" | Systolic blood pressure: during the prophylaxis visit in RV (108.08) was higher as compared to | VR films made children not only less
the control group (106.24). During the application of local anaesthetic in RV was significantly | anxious and more cooperative during the
higher than the control group children (p<0.05). invasive dental procedures.

A17'32 | Pain: No VR was 2.40 (SE = 1.52), and dropped to 0.60 (SD = 0.55) during virtual reality (p<0.05) | The feasibility of wusing immersive,

“worst pain” was 3.80 (SD = 2.59) during No VR and dropped to 2.20 (SD = 1.79) during VR
(p<0.05)

VR Experience, Fun and Nausea: 7.40 (SD = 2.70) corresponding to “a strong sense of going
inside the computer-generated world,”

Fun during No VR (mean = 3.20, SD = 4.32) was “mildly fun” vs. “pretty fun” during Yes VR (mean
= 8.20, SD = 2.49) (p<0.05).

interactive VR to distract paediatric dental
patients and increase fun of children during
dental procedures.
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Table 5: Results and conclusions cont.

Article

Results

Conclusion

A18133

Pain: Group 1, significant decrease (P < 0.001) with the use of VR (2.56 + 0.390) during dental
treatment vs. no VR (5.22 + 0.515). Group 2, no VR (5.44 + 0.682) and decreased (2.33 + 0.370)
with VR.

Anxiety: significant increase (P < 0.001) with the use of VR (14.72 + 0.843) during dental treatment
vs. no VR (19.38 + 0.897). Group 2, no VR (14.44 + 0.805) and decreased (19.56 + 0.883) with VR.
Pulse rate: In treatment group 1, there was a statistically significant difference (P < 0.05) observed
in pulse rate between the treatment session | and Il. Group 2, no statistically significant difference

The results of this study provide an initial
encouraging for the use of VR device during
dental treatment by paediatric dentists, but
additional empirical research is required.

A19134

Blood pressure: statistically significant difference among all the groups (P = 0.000), a maximum
decrease in RV from 112.27 £+1.870 to 74.47 £ 2.722.

Anxiety: RV showed the maximum decrease among all the groups from 4.73 + 0.458 to 1.21 +
0.426

VR was most effective and TSD alone was
the least effective behaviour guidance
technique in reducing dental fear/anxiety in
uncooperative paediatric dental patients.

A20135

Pulse rate: Statistically significant decrease after distraction (with a p < 0.01) in all three groups.
The VR distraction group was the lowest in pulse rate.

Oxygen saturation increased in all three groups, which was statistically significant (p < 0.01). But
while comparing VR to the other groups the difference was not significant (p = 0.270).

Children were most relaxed in VR group,
followed by audio group and were least
relaxed in TSD group. Hence VR distraction
can be a useful technique for behaviour
management of paediatric patients.

A21 136

Pain: Local anaesthesia: WBFS no significant difference with and without the VR. MBPS:
significantly lower in the parameters Face (P = .007) and Cry (P = .046) with VR

Placement of a rubber dam: significantly less for WBFS (P = .005) and MBPS Face (P = .005),
Cry (P =.029), and Movement (P = .028) when using VR.

VR can decrease pain perception during
rubber dam placement in children, but it has
limited benefit during administration of local
anaesthesia.

A22137

Pain: Significant reduction (p<0.001) using VR.
Anxiety: Significant reduction (p=0.002) using VR.
Salivary cortisol: Decrease significantly greater using VR (p<0.001).

VR can be used as a successful behaviour
modification method in children undergoing
short invasive dental treatments
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Table 6: Dental procedures performed

Article Dental procedures

A1"¢ | Composite resin

A2"7 | |nfiltration of anaesthetic solution and pulpotomy and/or restoration of primary first
molar

A3"® | Formocresol pulpotomy

A4"% | Inferior alveolar nerve block for various dental procedures

A5'20 | Short-term dental procedure (< 30 min).

A6'2" | Dental procedures not requiring local anaesthesia.
Painful dental procedures requiring local anaesthesia

A7'22 | Topical anaesthesia and subsequently under intravenous anaesthesia.

A8'2* | Primary teeth extraction under local anaesthesia

A9™2* | Inferior alveolar nerve block

A10'%° | Inferior alveolar nerve block for pulp therapies in primary first and second molars.

A11'%8 | Class | restoration in mandibular primary molars

A12'2" | Buccal infiltration local anaesthesia

A13'28 | Inferior alveolar nerve block

A14'% | Class | composite resin restoration the mandibular first permanent molar tooth under
local anaesthesia

A15'0 | Extraction or pulpal therapy necessitating a nerve block.

A16™" | Dental examination, acclimatization, oral hygiene information, prophylaxis and
composite filling

A17'32 | Tooth extraction or dental fillings

A18'3 | Pulp therapy treatment.

A19" | Composite restoration

A20"% | Inferior alveolar nerve block for mandibular tooth extraction

A21'% | Inferior alveolar nerve block technique and rubber dam placement

A22'%7 | Short invasive dental treatment (vital pulp therapy)
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Table 7: Measurement scales and protocols

Article Measurement scales and protocols

A1"¢ | Anxiety: The Children's Perioperative Multidimensional Anxiety Scale questionnaire
(CPMAS)

A2"7 | Behaviour: Frankl’s behaviour rating scale (Patient selection)
Anxiety: Modified Child Dental Anxiety Scale (MCDAS)
Facial Image Scale (FIS)

A3 | Behaviour: Screen for Child Anxiety Related Emotional Disorders (SCARED)

Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Salivary cortisol levels

Pain: Wong Baker faces pain rating scale (WBFS)

A4 | Behaviour: Frankl's behaviour rating scale (Patient selection)
Anxiety: Modified Child Dental Anxiety Scale (MCDAS)
Pain: Wong Baker faces pain rating scale (WBFS)

Visual Analog Scale (VAS)

A5'20 | Behaviour: Frankl's behaviour rating scale (Patient selection)
Pain: Wong Baker faces pain rating scale (WBFS)
Fear: Children’s Fear Survey Schedule-Dental Subscale (CFSS-DS)

A6'>" | Pain: Wong Baker faces pain rating scale (WBFS)
Legs, Activity, Cry, Consolability’ scale (FLACC scale)
Visual Analog Scale (VAS)

A7'22 | Behaviour: Frankl’s behaviour rating scale (Patient selection)
Anxiety: Facial Image Scale (FIS)

A8'2® | Behavior: Houpt Scale

Pain: Wong Baker faces pain rating scale (WBFS)

Fear: Children’s Fear Survey Schedule-Dental Subscale (CFSS-DS)
Cybersickness: Simulator sickness questionnaire (SSQ)

A9'> | Anxiety: Venham's picture test (VPT)
Pulse oximeter

A10'2° | Behaviour: Frankl's behaviour rating scale (Patient selection)
Houpt Scale
Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Pulse rate

A11'2¢ | Anxiety: Facial Image Scale (FIS)
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Table 7: Measurement scales and protocols cont

Article Measurement scales and protocols
A12'27 | Behaviour: Behaviour assessment scale
Anxiety: Pulse oximeter
Pain: Wong Baker faces pain rating scale (WBFS)
Legs, Activity, Cry, Consolability’ scale (FLACC scale)
A13'2 | Behaviour: Behaviour assessment scale
Anxiety: Pulse rate
Pain: Wong Baker faces pain rating scale (WBFS)
A14'2 | Behaviour: Frankl’'s behaviour rating scale
Anxiety: Pulse rate
Pain: Wong Baker faces pain rating scale (WBFS)
A15° | Behaviour: Frankl's behaviour rating scale (Patient selection)
Pain: Legs, Activity, Cry, Consolability’ scale (FLACC scale)
A16™" | Anxiety: Pulse rate
A17'32 | Pain, quality of the VR experience, nausea and fun: 0—10 graphic rating scale (ltalian
scale)
A18™3 | Pain: Wong Baker faces pain rating scale (WBFS)
Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Pulse oximeter and heart rate
A19"* | Anxiety: Pulse rate
Facial Image Scale (FIS)
A20'% | Anxiety: Facial Image Scale (FIS)
Pulse rate and oxygen saturation
A217% | Pain: Wong Baker faces pain rating scale (WBFS)
Modified Behavioural Pain Scale (MBPS)
A22%7 | Pain: Wong Baker faces pain rating scale (WBFS)

Anxiety: Salivary cortisol levels
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Table 8: Brand and model of VR glasses

Article

Brand and model

A1116

VR glasses Preo VR Box (Preo, Beijing, China) and the VR game InCell
VR Cardboard Android 1.4.3 (Nival Network, Moscow, Russia)

A2"7 | Not specified

A3"8 | VR device (i-glasses 920HR, llixco Inc., Menlo Park, CA, USA).

A4'% | Oculus Go Standalone device (Head mounted virtual reality device with hand controller)

A5 [HTC’s VIVE VR helmet

A62" [ iWear Video Headphones (Vuzix®, Rochester, New York, USA

A7'22 | Zeiss Cinemizer (Carl Zeiss AG, Oberkochen, Germany) VR headset

A8'3 | VR system from HTC, wireless head-mounted helmet with noise-reducing headphones and a
controller

A9'?* | VR headset (Ml VR Headset, India)

A10'% | Vuzix Eyewear Wrap 920, Rochester, NY, USA)

A11'%6 | VR glasses with in-built earphones (virtual private theater system).

A12'27 | VR goggles (LG 360 virtual reality [VR] headset, LG Electronics)

A13'2 | The AV eyeglasses (BlackBug™ Virtual Reality Glasses 3D VR Box Headsets, China)

A14'2 | The VR system (PlayStation 4 VR, Sony Inc., Minato, Tokyo, Japan)

A15™0 | Not specified

A16"" | Not specified

A17"32 | Oculus Rift DK2 and CV1 virtual reality goggles (Meta Quest, Facebook Technologies, LLC)

A18™3 | Google VR Box and Anti Tank Virtual Reality 3D Glasses

A19"* | Not specified

A20"% | Not specified

A21"3%% | Oculus Go VR goggles from Facebook Technologies (Oculus Go virtual reality goggles, Meta
Quest, Facebook Technologies, LLC)

A22737 | VR device (i-glasses 920HR, llixco Inc., Menlo Park, CA, USA)
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4. Discussao
4.1 Emergéncia da RV na medicina dentaria

Ha um numero extenso de técnicas de controlo comportamental, cuja aplicagao
depende de aspetos especificos do paciente, dos seus pais/cuidadores,
procedimento clinico e preferéncia do médico dentista.?® Ndo obstante, ha pacientes
cujo comportamento se mantém desafiante, apesar do recurso a estes métodos.'?”
Compreensivelmente, na medicina dentaria ha tratamentos considerados geradores
de ansiedade ou dor, apesar do progresso na técnica e formagao do profissional de
saude, como a administragdo da anestesia local.3¢ Assim, é justificavel a procura por
técnicas de modulagdo comportamental mais eficazes, de facil aplicacdo e
transversais as varias faixas etarias.

A tecnologia dos meios audiovisuais tem avangado a larga escala, possibilitando
ao utilizador uma experiéncia imersiva e bastante realista.?®138139 Um exemplo
notavel dessa evolucio é o uso de ecras de entretenimento, como os smartphones,
tablets e dispositivos de RV.68740 A RV surge como uma técnica apelativa, facilmente
adequavel aos interesses da crianga ou jovem, bem aceite pelos pais e praticamente
sem complicagdes pela sua utilizaggo.

Nesta revisao sistematica pretende-se analisar a literatura acerca do uso da RV,
em pacientes pediatricos, comparando-o com outras técnicas tradicionais de
modulagcdo do comportamento, numa consulta de medicina dentaria. Os estudos
incluiam diversos procedimentos clinicos, desde a consulta inicial, a profilaxia
dentaria, a extracao dentaria, a anestesia infiltrativa ou por bloqueio do nervo alveolar

inferior.

4.2 RV e técnicas convencionais de controlo do comportamento

Com excecgdo dos artigos A4'"9 e A11'%-Todos os estudos incluidos nesta
revisao sistematica utilizaram, como grupo de controlo, as técnicas convencionais de
controlo do comportamento. Sejam elas especificadas, como nos estudos A5’ e
A19'34  que utilizaram a técnica “dizer-mostrar-fazer” ou abordadas como um
conjunto, englobando técnicas verbais mais conhecidas em odontopediatria, nos

restantes estudos.
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Nos estudos A1'16, A2117 A3"18 A5120 AG'21 A7122 AB8123 A12127 A14129,
A16"31 A17132 A18133 A21136 A22137 apenas havia um grupo teste em que se usou
a RV, No A9'> havia outros grupos testes incluindo o uso do Fidget spinner e do
caleidoscopio. Nos estudos A10'%% e A20"3% utilizou-se também o audio. Nos A13'%8 ¢
A15"30 ytilizou-se ecras digitais. No A19"'34 usou-se audio e jogos de smartphones.

Nesta revisdo sistematica, verificou-se que, as técnicas convencionais de
controle do comportamento sao eficazes quando avaliadas isoladamente. Entretanto,
nenhum dos estudos demonstrou que essas técnicas tradicionais foram mais eficazes
na redugao da ansiedade e da percepc¢ao da dor do que as demais técnicas testadas.

Este resultado pode ser justificado pela grande capacidade da RV de desviar a
atencdo de um ambiente desagradavel, para um mundo virtual agradavel e
envolvente. Consequentemente, reduzindo a experiéncia de dor fisica do paciente.

Nesses casos, usar uma combinacao de técnicas, como “dizer-mostrar-fazer” e
RV, poderia ser mais eficaz, dado que individualiza a atengdo a crianga, como foi
realizado em A9'% A16'3" A18'33 e A22737. Em que antes da utilizagdo dos oculos
de RV foi feita uma explicacdo dos procedimentos, adaptada ao nivel de
compreensao de cada idade. Nenhum dos estudos incluidos fizeram uma

comparacgao do uso do RV com e sem a técnica “dizer-mostrar-fazer”.

4.3 RV e ecras digitais

Trés estudos distintos investigaram a eficacia do uso de ecras planos digitais,
em comparagdo com dispositivos RV, como método de distracdo para criangas
durante consultas de medicina dentarias, com a administracdo de anestesia local. Os
dispositivos utilizados foram um tablet (A13'%® e A15'30) e um ecra conectado a um
computador acoplado a cadeira dentaria (A12'27).

Apenas o artigo A15'30 apresentou resultados favoraveis ao uso de dispositivos
RV, onde a percepg¢ao de dor foi menor em comparagdo com 0s outros grupos
avaliados (digital e verbal).

Por outro lado, os artigos A12'%” e A13'? concluiram que o uso de video
reproduzido em dispositivos de tablet resultou no melhor alivio da ansiedade e dor
dentaria durante a anestesia por infiltragcdo. Ambos utilizaram métodos de medigao
semelhantes, como oximetro de pulso, escala de avaliagdo da dor de Wong-Baker e

a escala "Legs, Activity, Cry, Consolability”. Ambos os estudos indicaram uma
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frequéncia cardiaca mais elevada nos grupos que usaram dispositivos RV, além de
resultados que ndo foram estatisticamente significativos na escala FLACC e WBFS
em todos os grupos.

E importante ressaltar que a interpretacdo dos resultados do estudo deve ser
feita com cautela, pois existem inumeras variaveis que podem influenciar a
experiéncia da crianga durante os procedimentos dentarios. O aumento observado na
frequéncia cardiaca (FC) entre o grupo de teste, nesse estudo pode ser atribuido a
varios fatores. Em primeiro lugar, o estudo concentrou-se na avaliagao da dor durante
a administracdo da anestesia, que € considerada um dos procedimentos que mais
provocam medo em criangas.'*? Além disso, a maioria dos participantes do estudo
nao teve exposicdo anterior a oculos de realidade virtual, resultando numa
experiéncia nova e potencialmente emocionante.

Em segundo lugar, muitos dos individuos tinham experiéncias dentarias
anteriores e estavam cientes de que provavelmente receberiam anestesia. E,
finalmente, o facto dos 6culos de RV bloquearem a visdao do mundo real e a falta de
visualizagao dos seus cuidadores no campo visual, podem ter causado uma sensagao
de isolamento e maior antecipacdo de um estimulo desagradavel, levando ao
aumento da ansiedade e da frequéncia cardiaca. Por outro lado, a tecnologia dos
tablets ou smartphones que reproduzem videos € mais acessivel no quotidiano das

criangas. Estando mais familiarizadas com o seu funcionamento.
4.4 RV e audio

Trés estudos (A10'25, A19'34 e A20735) conduzidos na india exploram a eficacia
de diferentes técnicas na reducido do nivel de ansiedade de pacientes pediatricos
durante procedimentos dentarios. Dentre elas a RV e o audio.

Estes estudos sugerem que as técnicas de distragao de audio e RV podem ser
eficazes na reducdao da ansiedade dentaria em pacientes pediatricos quando
comparada com 0s seus grupos controlo, que usaram a técnica “Dizer-Mostrar-
Fazer”. Entretanto, a distragao realizada com a RV pode ser uma técnica ainda mais
eficaz na redugao do nivel de ansiedade e percepg¢ao da dor.

A utilizacdo de musica no ambiente dentario, como método de distracao, é
largamente utilizada e a sua eficacia € comprovada por diversos estudos. Por vezes

€ relatado que as criancas pedem para que repitam as mesmas musicas nas
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consultas seguintes.®3%” Apesar disso, a geragdo de criangas que s&o atendidas
atualmente nos consultorios dentarios sdo cada vez mais experientes em tecnologia,
assim manter a sua atencao, torna-se mais dificil com métodos néo eletrénicos. 143144
Logo, RV demonstrou ser, nessa categoria, uma alternativa viavel para o controlo do

comportamento.

4.5 RV e jogos para smartphones

Apenas o estudo A19"3* inclui jogos para smartphones. Eles utilizaram um design
controlado randomizado e incluiram 120 criangas de 4 a 8 anos aleatoriamente
distribuidas por quatro grupos: técnica “Dizer-Mostrar-Fazer”, técnica de reforgo
positivo, técnica de RV e jogo para smartphones.

O estudo sugere que as técnicas de distragdo de RV e de jogos para smartphones
foram as mais eficazes no controlo do comportamento negativo, em pacientes
odontopediatricos, entre os quatro grupos. No entanto, ao comparar a eficacia dessas
técnicas de distracao entre elas. A técnica de distracao VR foi considerada mais eficaz
do que a técnica de distracdo do jogo para smartphones. E importante considerar que
a técnica de distracdo com RV proporcionou uma experiéncia mais imersiva e

interativa, o que pode ter contribuido para sua maior eficacia.
4.6 RV imersivo e nao imersivo

Apenas um estudo (A4'19) avaliou a relagdo do tipo de imersdo da RV na
percepgao de dor, durante as inje¢des intraorais. Nele foi definido como RV imersiva,
quando o equipamento envolvia o uso de um fone de ouvido com audio binaural e um
ambiente virtual interativo em 3D, enquanto o RV nao imersivo envolvia apenas
assistir a um video em 2D sem fones de ouvido. O RV imersivo foi projetado para
proporcionar uma experiéncia mais envolvente e imersiva do que o RV nao imersivo.

Os resultados mostraram que ambos os métodos de distracdo foram eficazes
em reduzir a percepgao de dor, sendo a realidade virtual imersiva ligeiramente mais
eficaz do que a nao imersiva.

Uma possivel explicagao para a diferenca reduzida entre os dois grupos, pode

ser o facto de que ambos os tipos de RV foram igualmente eficazes em desviar a
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atencao do paciente da dor. Por ambos isolarem o campo visual, impedem o contacto
com objetos que podem servir de gatilho para ansiedade e medo.

A razéao para esta diferencga, apesar de pequena, na eficacia pode dever-se ao
facto de a distragdo imersiva da RV criar uma experiéncia sensorial mais completa e
envolvente que capta totalmente a atencédo do utilizador e proporciona uma maior
sensagdo de imersdo e presenca no ambiente virtual.”? A utilizagdo de imagens em 3
dimensdes e auricular binaural, pode levar a um maior grau de distragado do estimulo
doloroso, resultando numa maior redugdo na percepgao da dor.%

E importante notar, no entanto, que o estudo tem varias limitagdes que podem
afetar a generalizagdo dos resultados. Por exemplo, o tamanho da amostra foi
relativamente pequeno e nao representativo da populacao geral. Além disso, o estudo
mediu apenas a percepg¢ao da dor imediatamente apos a inje¢do, e nado avaliou o
efeito da distracdo por RV noutros aspectos do tratamento, como a ansiedade do

paciente ou a satisfagdo geral do paciente com o tratamento.

4.7 Outras observagoes

Além das comparagdes entre RV e as demais técnicas de modulacdo do
comportamento, € importante entender as outras variantes que um tratamento com
imersao tridimensional pode ter. Eles sdo: a experiéncia do médico-dentista, a idade
do paciente, o risco a saude dos pacientes, a prevencao a esses riscos e o valor do

investimento.
4.7.1 RV e a experiéncia do médico - dentista

Embora os 6culos de RV possam parecer uma opg¢ao interessante para tornar
os tratamentos dentarios mais confortaveis e agradaveis para os pacientes, é
importante considerar a experiéncia proporcionada ao profissional e considerar suas
vantagens e desvantagens.

A primeira delas é o custo da tecnologia. Que a depender do modelo e marca,
pode ter um custo € relativamente alto e ndo ser acessivel para todos os
profissionais.6%145

Além disso, a RV, pode ser considerada uma forma de distanciamento do
paciente.”%8 O uso de dculos de RV pode criar barreiras de comunicagdo entre

pacientes e profissionais de saude, uma vez que o paciente pode estar imerso em um
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ambiente virtual e com vis&o limitada do mundo real ao seu redor.''?46 |sso pode
dificultar a comunicagao verbal e n&o verbal, pois o profissional de saude pode ndo
ter uma visao clara das expressoes faciais, gestos e outras pistas de comunicagao do
paciente.

Os 6culos de RV, dependendo do formato e tamanho, podem dificultar o acesso
a cavidade oral do paciente. Em especial, no bloqueio do nervo alveolar inferior. 47

Em algumas criangas, especialmente aquelas em idade escolar, a auséncia dos
cuidadores no campo visual pode levar a um aumento da ansiedade, e
consequentemente, baixa cooperagao.48

Por fim, com a utilizacado da VR, é possivel que o profissional economize tempo
e aumente a sua eficiéncia no diagndstico e no tratamento. No entanto, é necessario
que o dentista tenha conhecimento e habilidade no uso da tecnologia, o que pode
exigir um periodo de adaptagéao e treino.

Apenas um estudo (A17"32) reportou a experiéncia do médico-dentista ao utilizar
a RV, a qual foi positiva. Os profissionais sentiram-se mais relaxados, o que
possibilitou ter mais concentragdo em seu trabalho. Neste caso, o tamanho dos 6culos
de RV né&o impediu a realizacdo dos procedimentos dentarios. Nao houve também
dificuldade de comunicagcdo com o paciente, apesar de existirem auriculares no

modelo de RV utilizado.

4.7.2 RV e os riscos a saude

O uso de o6culos de RV tem aumentado em popularidade nos ultimos anos,
especialmente com a crescente disponibilidade de dispositivos acessiveis e a
melhoria da tecnologia.’*® Embora os 6culos de RV possam proporcionar uma
experiéncia imersiva e divertida, o uso desses dispositivos pode levar a problemas de
saude.'®0

Uma das principais preocupacdes em relacdo ao uso da realidade virtual é o
efeito que ela pode ter sobre os olhos.'" O uso prolongado do equipamento pode
causar fadiga ocular, desidratacao dos olhos e até mesmo problemas de visao a longo
prazo, como miopia. Além disso, a realidade virtual pode gerar enxaquecas e tonturas
em algumas pessoas, especialmente quando utilizada por periodos prolongados ou

em jogos com muitos movimentos bruscos.151
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Um dos problemas de saude mais comuns associados ao uso de oculos de VR
¢ 0 "enjoo de movimento" ou cybersickness."®? Isto ocorre quando a informagao visual
que o utilizador recebe através dos oculos de RV n&o corresponde ao seu movimento
fisico real, levando a uma sensacdo de tontura, nausea e desorientacdo.? Pela
mesma raz&o, a imersao pode gerar reflexo com movimentos de cabeca, bragos ou
até mesmo tronco, podendo haver um aumento do risco de quedas ou lesdes durante
o tratamento a depender do estagio de atendimento.

Outro problema de saude potencialmente grave associado ao uso de 6culos de
RV é a epilepsia fotossensivel.'>* Alguns estudos mostraram que a exposicao a certos
padrdes de luz e cor em ambientes de RV pode desencadear convulsdes em pessoas
com predisposigéo a epilepsia.’®® Portanto, € importante que os desenvolvedores de
aplicativos de VR tomem medidas para evitar o risco de convulsées.

Além disso, o uso prolongado de 6culos de VR pode levar a problemas de saude
mental, como ansiedade e depressdo.’® Embora a pesquisa ainda seja limitada
nessa area, alguns estudos mostraram que a imersdao em ambientes virtuais pode
levar a dissociacgéo da realidade e ao isolamento social.'!"

Embora os 6culos de RV oferegcam uma experiéncia de entretenimento unica e
emocionante, é importante usa-los com moderacgao e estar ciente dos riscos de saude
associados.' O diagnéstico preciso do profissional para selecionar os casos em que
a tecnologia sera usada e o treino correto para minimizar os efeitos adversos da

tecnologia sera a chave para o sucesso do tratamento.

4.7.3 RV e a idade

Muito se debate quanto a idade apropriada para a utilizagcdo de equipamento
digitais, tais como smartphones e tablets.'* A realidade virtual, por ser uma
tecnologia mais recente, necessita de mais estudos. Atualmente, temos apenas
estudos de curta duragdo sem avaliagdo a longo prazo dos efeitos dessa tecnologia
nas diferentes faixas etarias.

Criangas menores de 6 anos estdao em uma fase de desenvolvimento em que
estdo adquirindo e melhorando suas habilidades motoras finas e habilidades de
linguagem. Nessa idade, eles podem ter dificuldade em articular seus sentimentos e
sensacboes de forma precisa e verbalizada, especialmente quando se trata de

desconforto fisico ou sintomas especificos. %’

52



Dessa forma, podem n&o possuir o conhecimento e as habilidades necessarias
para articular o desconforto ocular e remover os visores montados na cabega ou Head
Mounted Devices (HMD) se os acharem desconfortaveis. Consequentemente, ha uma
necessidade de educadores e pais estarem atentos a saude ocular das criangas ao
usar HMDs e encorajar pausas frequentes para aliviar a tensdo e o potencial
desconforto ocular. Além disso, de acordo com o estudo’®8, verificou-se que a adogéo
de um design ergonémico e o uso de conteudo apropriado para a idade sao aspectos
essenciais na redugao do risco de problemas oculares associados ao uso prolongado
de headset de realidade virtual em criangas jovens.

Muitas empresas de hardware de midia imersiva estabeleceram recomendacgdes
de seguranca para a utilizagdo dos seus produtos. Dentre elas, indicam uma faixa
etaria em que a consideram segura. Empresas como Sony Interactive Entertainments®,
Oculus™0, Playstation'®" e Samsung'®?, declararam explicitamente que os seus
produtos ndo sdo recomendados para criangcas menores de 12 ou 13 anos. A LG'%3 é
a que apresenta o limite mais alto para o utilizador, 15 anos. A HTC'%4, inserida no
estudo A5'20, possui o limite mais baixo de todos, 4 anos. Além de ndo possuir “modo
de seguranga” nos seus aparelhos.

Alguns estudos n&o especificaram a marca do equipamento utilizada na
pesquisa (Tabela 9), a maioria dos artigos desta revisado sistematica fez uso de 6culos
de RV em criangcas abaixo da recomendacdo de faixa etaria dos respectivos
fabricantes.

No estudo A13'28, foi relatado que em algumas criangas o dispositivo ndo ficou
devidamente ajustado a cabeca. Essa situagao pode surgir devido ao fato de que os
oculos de realidade virtual (assim como os fones de ouvido) sdo inicialmente
projetados para atender as necessidades dos adultos, o que implica em dificuldades

de adaptacao as dimensdes das criancas.

4.7.4 Prevencao de efeitos adversos

Para mitigar os efeitos negativos da RV, tém-se investigado o uso de exercicios
oculomotores e pausas durante o consumo de conteudo de RV. Park et al. 2017
realizou um estudo na redugdo da cybersickness por exercicio oculomotor. Esse
consiste em quatro etapas: exercicios 6culo-motores de alcance, sacadicos, de busca

e de vergéncia. (Tabela 10) Sendo realizados imediatamente antes da utilizagdo de
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oculos de realidade virtual. De acordo com os achados, os exercicios oculomotores
sugeridos demonstram um meétodo eficiente para aliviar o cybersickness.

Pausas durante a utilizacdo dos oculos pode ser mais uma estratégia para
prevenir e aliviar a fadiga ocular digital. Para a Academia Americana de Oftalmologia,
em 2020, sugeriu uma pausa de 20 segundos a cada 20 minutos imerso na realidade
virtual.'®® Essa pausa devera ser feita a olhar em frente, ou pausas de 15 em 15
minutos de acordo com a sugestdo de 2020 do Departamento do Reino Unido para
Energia Empresarial e Estratégia Industrial.'”

Nenhum dos estudos incluidos reportou um protocolo de prevencéo das lesbes

oculares.
Tabela 10: Paradigm of oculomotor exercise
Exercise Procedure Exercise | Ordem de
order duration exercicio
1. Range 1) Close your eyes. 75 seconds
oculo-motor 2) Slowly left-right, up-down, diagonal,
exercise and rotate your eyes.

2. Saccadic | The eyes are fixated on newly appearing | 75 seconds
oculo-motor objects.
exercise

3. Pursuit Keep your eyes fixated on slowly moving | 75 seconds 5 times
oculo-motor objects.

exercise
4. Vergence 1) Move your eyes slowly from the 75 seconds
oculo-motor | nearest point to a point far away (about 5

exercises cm — about 50 cm).

2) Move your eyes slowly from a point
far away to a point nearby (about 50 cm
— about 5 cm).

4.7.5 Cybersickness

A avaliagdo do cybersickness € de extrema importancia no campo da VR e
simuladores.'® A cybersickness refere-se ao desconforto e sintomas experimentados
por individuos quando expostos a ambientes virtuais, como headsets VR ou

simuladores. Pode se manifestar como nausea, tontura, dor de cabeca, fadiga ocular
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e desconforto geral, impactando significativamente a experiéncia do utilizador e
potencialmente limitando a eficacia dos aplicativos de RV. 153169

A avaliagao do cybersickness permite que pesquisadores e desenvolvedores
entendam sua prevaléncia, gravidade e possiveis fatores contribuintes, permitindo a
implementagdo de estratégias de mitigagdo e melhorias no design de RV.'70 Além
disso, a avaliagéo do cybersickness fornece informacgdes valiosas sobre as diferengas
individuais de suscetibilidade, auxiliando no desenvolvimento de experiéncias de RV
personalizadas e aumentando a satisfagdo do usuario. %2

A avaliagdo do cybersickness normalmente envolve medidas subjetivas de
autorrelato, mediges fisioldgicas objetivas e observagdes comportamentais.'”"

Além disso, observagdes comportamentais, incluindo mudangas na postura,
marcha e coordenagdo motora geral, podem ser usadas para avaliar o impacto do
cybersickness. A combinagdo dessas abordagens de avaliagdo permite uma
avaliacdo abrangente do cybersickness, fornecendo dados valiosos para a melhoria

das tecnologias de RV e das experiéncias do usuario.'”©

4.7.6 Investimento

O valor investido num aparelho de imersao 3D vai depender do tipo de 6culos
escolhido. No mercado, atualmente, existem os cardboard, high experience e
gamer.59

O modelo cardboard pertence a categoria mais econdémica do mercado devido
a sua construcdo em papeldo e por ndo possuir um ecra proprio, mas utilizar a do
telemovel.172173 E possivel encontrar equipamentos dessa categoria entre 6 e 20
euros no mercado portugués.’’4175

Na high experience apesar de usar o smartphone como ecrda, conta com
software e hardware proprios, dessa maneira, podem oferecer uma melhor qualidade
de imers&0.%° Os dculos mais acessiveis dessa categoria custam 300 euros.'’®

Os equipamentos de RV mais caros sao os oculos gamers, o seu prego pode
comecar em 1500 euros, sem o computador compativel para fazer a conexao. Sao os
mais procurados por jogadores profissionais, por oferecerem um desempenho
superior em comparacao aos demais.'® Devido a melhor resolucdo, necessitam de
um computador de alta performance para transmitir os jogos. Para uma consulta

dentaria, esse equipamento ndo parece justificar a aquisigdo.’””
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4.8 Avaliacao da qualidade de risco de viés

A avaliagao da qualidade dos estudos foi realizada por meio do preenchimento
da Escala de Newcastle Ottawa (NOS) (Anexo 2). A pontuacgao total de cada estudo
determinou sua classificagdo. Para cada tipo de estudo, ha um conjunto especifico de
questdes que se aplicam. Cada resposta as perguntas recebe um valor em asterisco
(*)_178

O valor total é apresentado numericamente, sendo que cada asterisco
corresponde a um ponto, totalizando de zero a nove pontos. Com base na pontuagao
total da escala Newcastle-Ottawa, € possivel determinar o grau de viés: se for menor
ou igual a seis, o estudo apresenta alto risco de viés; se for entre sete e oito, o estudo
apresenta risco moderado de viés; e se for maior ou igual a nove, o estudo apresenta
baixo risco de viés.'"®

A tabela 11 apresenta a Escala de Newcastle Ottawa para os estudos incluidos
nesta revisdo. A analise da tabela revela que 2 artigos obtiveram um valor > 9,
indicando um risco baixo de viés e 13 artigos com valor entre 7 e 8, classificados
como risco moderado. Ja nos outros 7 artigos, o valor < 6 representa um risco elevado

de viés.

4.9 Reflexao critica

Tendo em conta os artigos selecionados nesta revisao sistematica e o que foi
referido anteriormente, alguns estudos apresentavam limitagées devido ao tamanho
reduzido da amostra, fatores associados com o desenho do estudo e pelo facto da
exposicao a tecnologia RV ser ocasional, ndo aferindo o seu efeito a médio prazo.

Na populacao pediatrica ha também que considerar aspetos socio-culturais, os
quais poderao ter afetado a resposta a intervencéao. Por outro lado, a diversidade dos
tratamentos dentarios considerados e as escalas de ansiedade e dor dificultam a
comparacgao entre os estudos.

Nesta revisdo sistematica utilizaram-se 3 bases de dados e a metodologia
PRISMA. Nao obstante, ndo esta destituida de limitagdes como, por exemplo, pelo

viés na selecao dos artigos, de acordo com os critérios de inclusdo e exclusdo. De
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facto, apesar da metodologia rigorosa, existe a possibilidade da eliminagao de artigos
importantes, devido a utilizagao de filtros de linguagem, limitagdo temporal e tipo de
estudo.

Nesta revisado sistematica, também foram analisados os diversos modelos e
marcas comerciais de oculos de RV. Dos 22 artigos incluidos, apenas 5 nao
forneceram informacdes sobre o dispositivo de RV utilizado, o que impossibilitou a
analise da correlagdo dos resultados com o tamanho, peso ou indicagdes de

seguranga do dispositivo.
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Tabela 11: Modified Newcastle - Ottawa (NOS)

Article Selection Comparability Exposure Total score
Risk: < 6 = high 7 to 8 = moderate > 9 = low
A1 116 *kk * *kk 7
A2117 ok * - 7
A3118 Kkekok * *kk 8
A4119 . * o 7
A5120 *kkk * *% 7
A6'21 o * o 5
A7122 . * o 6
A8123 o * . 6
AQ24 . * o 6
A10125 ek * . 3
A11126 *kk * o 6
A12127 . * . 7
A13128 ek * . 9
A14120 . X . 8
A15130 ek * o 7
A1613" . * . 6
A17132 *kk * o 6
A18133 . * ekkk 9
A19134 . * . 3
A20135 *hkk * *kk 8
A21136 . * o 7
A22137 . * . 3
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5. Conclusao

Esta revisao sistematica teve como objetivo responder a pergunta: "Na
populagdo pediatrica, a realidade virtual auxilia no controlo da ansiedade e dor
durante as consultas de medicina dentaria, em comparagdo com outras técnicas de
controle comportamental?" Por meio de uma analise abrangente dos artigos
selecionados, foram investigados os efeitos da RV na ansiedade e na percepgao da
dor durante diferentes procedimentos dentarios em odontopediatria.

Os resultados demonstram consistentemente que a RV pode efetivamente
reduzir os niveis de ansiedade e dor em criangas submetidas a tratamento dentario.
Ao fornecer uma experiéncia imersiva e envolvente, a RV ajuda a desviar a atencao
dos pacientes do ambiente médico, levando a uma experiéncia mais positiva e
agradavel. Essa técnica de distracdo tem-se mostrado mais eficaz do que os métodos
tradicionais, como distragdes audiovisuais, distragdes passivas e comandos verbais.
No entanto, apesar dos achados promissores, € importante reconhecer as limitagdes
das evidéncias atuais.

A maioria dos estudos tinha amostras pequenas e a sua metodologia e
intervencdes de RV eram variaveis. No futuro, espera-se que os estudos incluam
tamanhos de amostra maiores e protocolos padronizados para obter resultados mais
robustos e generalizaveis. Além disso, examinar a faixa etaria ideal para
implementagao da RV, o custo-beneficio e identificar os procedimentos dentarios que
mais beneficiam da interveng¢ao de RV garantira a integragao segura e apropriada da
tecnologia VR na pratica odontopediatrica de rotina.

Para aproveitar plenamente os seus beneficios e minimizar os riscos potenciais,
ha uma necessidade critica de estabelecer diretrizes claras e protocolos padronizados
para a sua implementacdo segura e eficaz no atendimento odontopediatrico. Ao
atingir esse delicado equilibrio, a RV tem o poder de transformar a experiéncia
médico-dentaria das criangas, melhorando os resultados do tratamento e, por fim,
promovendo o seu bem-estar geral, abrindo caminho para um futuro em que as

tecnologias inovadoras moldarédo o cenario da odontopediatria.
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7.1 Submissao PROSPERO
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PROSPERO National Institute for
International prospective register of systematic reviews Health Research
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Centre for Reviews and Dissemination

Systematic review

A list of fields that can be edited in an update can be found here

1. * Review title.

Give the title of the review in English
Virtual reality in Pediatric Dentistry, indications and therapeutic potential — a systematic review

2. Original language title.

For reviews in languages other than English, give the title in the original language. This will be displayed with
the English language title.

Realidade virtual em Odontopediatria, indicages e potencial terapéutico — uma revisdo sistematica

3. * Anticipated or actual start date.

Give the date the systematic review started or is expected to start.

03/04/2023

4_* Anticipated completion date.

Give the date by which the review is expected to be completed.

31/07/2023

5. * Stage of review at time of this submission.

This field uses answers to initial screening questions. It cannot be edited until after registration.
Tick the boxes to show which review tasks have been started and which have been completed.

Update this field each time any amendments are made to a published record.

The review has not yet started: Yes
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Review stage Started Completed
Preliminary searches No No
Piloting of the study selection process No No
Formal screening of search results against eligibility criteria No No
Data extraction No No
Risk of bias (quality) assessment No No
Data analysis No No

Provide any other relevant information about the stage of the review here.

6. * Named contact.

The named contact is the guarantor for the accuracy of the information in the register record. This may be
any member of the review team.

Diana Padilha
Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:

Miss Padilha
7.* Named contact email.
Give the electronic email address of the named contact.

dra.dianapadilha@gmail.com

8. Named contact address

Give the full institutional/organisational postal address for the named contact.

Universidade Catdlica Portuguesa

Estrada da Circunvalagdo 3504-505 Viseu

Page: 2/14

80



10
11

PROSPERO National Institute for
International prospective register of systematic reviews Health Research

9. Named contact phone number.

Give the telephone number for the named contact, including international dialling code.

00351232419500

10. * Organisational affiliation of the review.

Full title of the organisational affiliations for this review and website address if available. This field may be
completed as 'None' if the review is not affiliated to any organisation.

Universidade Catolica Portuguesa, Faculty of Dental Medicine, Viseu, Portugal

Organisation web address:

https://ffmd.viseu.ucp.pt/pt-pt

11. * Review team members and their organisational affiliations.

Give the personal details and the organisational affiliations of each member of the review team. Affiliation
refers to groups or organisations to which review team members belong. NOTE: email and country now
MUST be entered for each person, unless you are amending a published record.

Miss Diana Padilha. Universidade Catdlica Portuguesa
Dr Patricia Correia. Universidade Catdlica Portuguesa
Dr Ana Moura. Universidade Catdlica Portuguesa

12. * Funding sources/sponsors.

Details of the individuals, organizations, groups, companies or other legal entities who have funded or
sponsored the review.

Not applicable
Grant number(s)

State the funder, grant or award number and the date of award

Not applicable

13. * Conflicts of interest.

List actual or perceived conflicts of interest (financial or academic).
Nocne

14. Collaborators.

Give the name and affiliation of any individuals or organisations who are working on the review but who are

Page: 3/14

81



PROSPERO National Institute for
International prospective register of systematic reviews Health Research

not listed as review team members. NOTE: email and country must be completed for each person,
unless you are amending a published record.

15. * Review question.

State the review question(s) clearly and precisely. It may be appropriate to break very broad questions down
into a series of related more specific questions. Questions may be framed or refined using PI(E)COS or
similar where relevant.

This review aims to study the following question: In the pediatric population (P), virtual reality (1) helps to
control anxiety and pain (O) in a dental medicine consultation compared to other behavioral control

techniques (C)?

16. * Searches.

State the sources that will be searched (e.g. Medline). Give the search dates, and any restrictions (e.g.
language or publication date). Do NOT enter the full search strategy (it may be provided as a link or
attachment below.)

The bibliographical research will be carried out in the PubMed/MEDLINE® databases, Scopus and Web of
Science, aiming to answer the research question, considering the previously defined objective and criteria.
Using PubMed, different MeSH terms (medical subject headings) and keywords will be combined, with
Boolean operators, AND and OR. Using Scopus and Web of Science will apply the same search strategy,

Sehrirhesewtlteenngstricted to English. Articles from 2003 to 2023

17. URL to search strategy.

Upload a file with your search strategy, or an example of a search strategy for a specific database, (including
the keywords) in pdf or word format. In doing so you are consenting to the file being made publicly
accessible. Or provide a URL or link to the strategy. Do NOT provide links to your search results.

Not applicable

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.

Do not make this file publicly available until the review is complete

18. * Condition or domain being studied.

Give a short description of the disease, condition or healthcare domain being studied in your systematic
review.

In the daily clinical work of a pediatric dentist, the most important factor that negatively affects dental
treatment is fear and apprehension regarding dental treatment. Although most procedures do not cause
pain, often triggers anxiety. It can lead to excessive symptoms, such as sweating, tremor, rapid heartbeat,

nausea, vomiting or even fainting.
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The lack of anxiety control during the visit to the dentist can make treatment difficult and even lead to

avoidance/refusal of health care, worsening the patient's general health condition.

In pediatric dentistry, the control of fear and anxiety by Non-pharmacelogical behavior control techniques are
based on distraction/motivation. In this context, Virtual Reality can be used as a distraction measure during

painful clinical procedures.

Virtual reality is a three-dimensional simulation technology that can be used interactively through a computer.
Virtual reality creates an artificial environment that mimics the real world, allowing users to experience an
alternate world. The virtual experience provides multi-sensory information through synchronization between

3D audiovisual goggles , motion sensors and joysticks.

The use of these 3D Audiovisual goggles comprise one of the most advanced Audiovisual resources

available for the public and therefore it is relevant to study them for their use in Dentists appointment.

19. * Participants/population.

Specify the participants or populations being studied in the review. The preferred format includes details of
both inclusion and exclusion criteria.

Patients under 18 years old, any gender, without visual and/or hearing impairment

20. * Intervention(s), exposure(s).

Give full and clear descriptions or definitions of the interventions or the exposures to be reviewed. The
preferred format includes details of both inclusion and exclusion criteria.

Use of virtual reality interventions to help relieve anxiety and pain during dental procedures.

21. * Comparator(s)/control.

Where relevant, give details of the alternatives against which the intervention/exposure will be compared
(e.g. another intervention or a non-exposed control group). The preferred format includes details of both
inclusion and exclusion criteria.

Use of traditional child behavior management to help relieve anxiety and pain during dental procedures

22.* Types of study to be included.

Give details of the study designs (e.g. RCT) that are eligible for inclusion in the review. The preferred format
includes both inclusion and exclusion criteria. If there are no restrictions on the types of study, this should be
stated.

(n¢lskidiesritesigned as randomized controlled trials (RCTs), experimental and case-control study designs
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with a full-text report
(2)Articles from 2003-20237
(3) children under 18, female or male

(4) Used virtual reality interventions to help relieve anxiety and pain during dental procedures

Exclusion criteria:

(1) Systematic/narrative reviews and meta-analyses, case reports, or duplicated publications
(2) Studies without a full text report

(4) Patients with any visual and/or hearing impairment.

(5) Use of 2D devices

23. Context.

Give summary details of the setting or other relevant characteristics, which help define the inclusion or
exclusion criteria.

Not applicable

24_* Main outcome(s).

Give the pre-specified main (most important) outcomes of the review, including details of how the outcome is
defined and measured and when these measurement are made, if these are part of the review inclusion
criteria.

The main outcomes is to identify changes in fear, anxiety or pain during dental treatments using Virtual
Reality compared to traditional child behavior management techniques

Measures of effect

Please specify the effect measure(s) for you main outcome(s) e.g. relative risks, odds ratios, risk difference,
and/or 'number needed to treat.

Not applicable

25. * Additional outcome(s).

List the pre-specified additional outcomes of the review, with a similar level of detail to that required for main
outcomes. Where there are no additional outcomes please state ‘None’ or ‘Not applicable’ as appropriate
to the review

Not applicable
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Measures of effect

Please specify the effect measure(s) for you additional outcome(s) e.g. relative risks, odds ratios, risk
difference, and/or 'number needed to treat.

Not applicable

26. * Data extraction (selection and coding).

Describe how studies will be selected for inclusion. State what data will be extracted or obtained. State how
this will be done and recorded.

-BEiigkAigeic rershvilies ticethtiow iy VGO He ra sk drcpetatimgyintervention, Comparison, Outcome)

-Papers/ studies selection will be screened by two investigators independently and by a third reviewer, in

case of discrepancies.

-Data extractions of selected papers/ studies will be recorded in a standardized form.

-The following items will be extracted: year, authors, country, study type, participants (gender, age),

control/study group, aims, main findings.

27. * Risk of bias (quality) assessment.

State which characteristics of the studies will be assessed and/or any formal risk of bias/quality assessment
tools that will be used.

-State which characteristics of the studies will be assessed and/or any formal risk of bias/quality assessment

tools that will be used.
-Risk bias will be addressed utilizing the the Newcastle- Ottawa Scale
The results of the risk of bias assessment will be presented in the review and will

provide an overall risk of bias assessment of all included studies.

-Studies will be considered:

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2.
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Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3.

Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars.

28. * Strategy for data synthesis.

Describe the methods you plan to use to synthesise data. This must not be generic text but should be
specific to your review and describe how the proposed approach will be applied to your data. If meta-
analysis is planned, describe the models to be used, methods to explore statistical heterogeneity, and
software package to be used.

e violl presg ritetasavalt e diad ttethey papesaitbinmy desidgry jrstuthbtepfer partisizhnty (atbreleuragayy.

control/study group, aims, main findings.

29. * Analysis of subgroups or subsets.

State any planned investigation of ‘subgroups’. Be clear and specific about which type of study or
participant will be included in each group or covariate investigated. State the planned analytic approach.

IF)dsattie)dathidartdaivi ppeiatrabizEdemtabpdowe thutbe following subgroups:
2)Type of child behavior management used as control group

3)Main findings

30. * Type and method of review.
Select the type of review, review method and health area from the lists below.
Type of review

Cost effectiveness
No

Diagnostic
No

Epidemiologic
No

Individual patient data (IPD) meta-analysis
No
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Intervention
No

Living systematic review
No

Meta-analysis
No

Methodology
No

Narrative synthesis
No

Network meta-analysis
No

Pre-clinical
No

Prevention
No

Prognostic
No

Prospective meta-analysis (PMA)
No

Review of reviews
No

Service delivery
No

Synthesis of qualitative studies
No

Systematic review
Yes

Other
No

Health area of the review
Alcohol/substance misuse/abuse
No

Blood and immune system
No

National Institute for
Health Research
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Cancer
No

Cardiovascular
No

Care of the elderly
No

Child health
Yes

Complementary therapies
No

COVID-19
No

Crime and justice
No

Dental
Yes

Digestive system
No

Ear, nose and throat
No

Education
No

Endocrine and metabolic disorders
No

Eye disorders
No

General interest
No

Genetics
No

Health inequalities/health equity
No

Infections and infestations
No

International development
No

Mental health and behavioural conditions

National Institute for
Health Research
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No

Musculoskeletal
No

Neurological
No

Nursing
No

Obstetrics and gynaecology
No

Oral health
Yes

Palliative care
No

Perioperative care
No

Physiotherapy
No

Pregnancy and childbirth
No

Public health (including social determinants of health)
No

Rehabilitation
No

Respiratory disorders
No

Service delivery
No

Skin disorders
No

Social care
No

Surgery
No

Tropical Medicine
No

Urological

National Institute for
Health Research
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No

Wounds, injuries and accidents
No

Violence and abuse
No

31. Language.

Select each language individually to add it to the list below, use the bin icon to remove any added in error.
English
Portuguese-Brazil

There is not an English language summary

32. * Country.

Select the country in which the review is being carried out. For multi-national collaborations select all the
countries involved.

Portugal

33. Other registration details.

Name any other organisation where the systematic review title or protocol is registered (e.g. Campbell, or
The Joanna Briggs Institute) together with any unique identification number assigned by them. If extracted
data will be stored and made available through a repository such as the Systematic Review Data Repository
(SRDR), details and a link should be included here. If none, leave blank.

Not applicable

34. Reference and/or URL for published protocol.

If the protocol for this review is published provide details (authors, title and journal details, preferably in
Vancouver format)

Not applicable

Add web link to the published protocol.

This file will be publicly available when the review is complete

Or, upload your published protocol here in pdf format. Note that the upload will be publicly accessible.
No | do not make this file publicly available until the review is complete

Please note that the information required in the PROSPERO registration form must be completed in full even
if access to a protocol is given.
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35. Dissemination plans.

Do you intend to publish the review on completion?

Yes

Give brief details of plans for communicating review findings.?
After completion of the systematic review a scientific paper will be written. We intend well to present the

results of this research in national or international scientific congresses

36. Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or new line.
Keywords help PROSPERO users find your review (keywords do not appear in the public record but are
included in searches). Be as specific and precise as possible. Avoid acronyms and abbreviations unless
these are in wide use.

Virtual Reality, Virtual Reality Exposure Therapy, Paediatric dentistry, Distraction, dental anxiety, Pain

Management

37. Details of any existing review of the same topic by the same authors.

If you are registering an update of an existing review give details of the earlier versions and include a full
bibliographic reference, if available.

Not applicable

38. * Current review status.

Update review status when the review is completed and when it is published.New registrations must be
ongoing so this field is not editable for initial submission.

Please provide anticipated publication date

Review_Ongoing

39. Any additional information.
Provide any other information relevant to the registration of this review.

Not applicable

40. Details of final report/publication(s) or preprints if available.

Leave empty until publication details are available OR you have a link to a preprint (NOTE: this field is not
editable for initial submission). List authors, title and journal details preferably in Vancouver format.

Give the link to the published review or preprint.
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45 7.2 Escala Newcastle Ottawa

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE: RANDOMIZED CONTROLLED TRIAL

Note: A study can be awarded a maximum of one star (*) for each numbered item within the Selection and Exposure

categories. A maxinum of twe stars can be given for Comparability.
Selection

1) Is the case definition adequate?
a) yes, with independent validation *
b) yes, e.g., record linkage or based on self reports
c) no description
2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated
3) Selection of Controls
a) community controls *
b) hospital controls
c) no description
4) Detinition of Controls
a) no history of disease (endpoint) *

b) no description of source
Comparability

1) Comparability of cases and controls on the basis of the design or analysis
a) study controls for (Select the most important factor.) *
b) study controls for any additional factor * (This criteria could be modified to indicate specific

control for a second important factor.)
Exposure

1) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview where blind to case/control status *
c) interview not blinded to case/control status
d) written self report or medical record only
e) no description
2) Same method of ascertainment for cases and controls
a) yes*™
b) no
3) Non-Response rate
a) same rate for both groups *
b) non respondents described
c) rate different and no designation
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7.3 Artigo preparado para submissao no BMC Oral Health

Virtual Reality and Behaviour Management in Paediatric Dentistry:

A Systematic Review

ABSTRACT

Background: Virtual reality (VR) has emerged as an innovative tool in medicine and dentistry,
improving anxiety and pain management in children. The immersive and interactive
environments of VR technology helps distract and engage young patients during dental
procedures, potentially reducing anxiety levels and improving treatment experience. The aim
of this review was to provide current evidence-based guidance on the usage of VR in the

clinical practice of paediatric dentistry.

Methods: A systematic review was conducted according to the PRISMA guidelines with the
following research question using the PICO format: Does VR (l) effectively manage anxiety
and pain (O) during a paediatric dental consultation (P) compared to alternative behavioural
control techniques (C)? PubMed/Medline®, SCOPUS, and Web of Science databases were

searched and analysed.

Results: Search queries identified a total of 525 abstracts from three different databases.
Duplicate articles were removed (n=79), leaving a total of 446 abstracts. After reading the title
and abstract, 392 records were excluded. In the end, 22 articles were considered suitable for

this systematic review.

Conclusions: VR is a highly effective method of behaviour management, successfully

alleviating pain and anxiety in children during dental treatment, surpassing traditional tools. By
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offering an engaging and immersive experience, VR effectively diverts patients' attention away
from the clinical environment, fostering a positive and enjoyable treatment experience.
However, it is crucial to acknowledge the limitations of existing studies and the need for further

research to enhance the understanding of VR's full potential in paediatric dentistry.

Keywords: Virtual reality, paediatric dentistry, distraction, dental anxiety, pain control,

behaviour management

BACKGROUND

Fear and apprehension regarding dental treatment are the most significant factors
negatively impacting the daily clinical work of paediatric dentists [1] Dental appointments can
trigger anxiety and pain, leading to treatment avoidance or refusal, which can worsen the
patient's overall health condition. Factors contributing to dental fear and anxiety, as noted by
Dahlander et al. 2019, include previous negative experiences of close acquaintances, lack of
information about the treatment, the way the treatment is performed, and the dental
environment itself [1]

For anxious children with a phobia of medical/dental treatments, distraction can be an
effective method of diverting the patient's attention away from their perception of procedures
that are considered unpleasant [3] A variety of distraction techniques are employed to mitigate
anxiety and enhance the dental experience for young patients [4] Audiovisual distractions,
such as tablet devices and smartphones, play a crucial role in engaging children and amusing
attention in their daily lives [5,6] And are widely accepted by children and parents during
medical procedures [7]

With the rapid advancement of technology, audiovisual glasses emerged as a significant
development in distraction techniques. These glasses allowed videos to be displayed in a two-

dimensional format [2D], providing an enhanced visual experience for paediatric patients.
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However, a notable progression in this field came with the introduction of virtual reality glasses
[8] Unlike their 2D counterparts, virtual reality glasses enable the display of interactive content
in a three-dimensional format [3D]. This advancement immerses patients in a more realistic
and engaging virtual environment, offering a heightened sense of presence and interactivity
during dental procedures [9] The transition from 2D to 3D glasses represents a substantial
leap in distraction techniques, demonstrating the continuous efforts to improve the dental

experience for paediatric patients [10]

Virtual reality is a three-dimensional simulation technology that can be used interactively
through a computer. Virtual reality creates an artificial environment that mimics the real world,
allowing users to experience an alternate world [11,12] The virtual experience provides multi-
sensory information through synchronization between the head-mounted display helmet
(provides an image with a sense of space and depth), motion sensors, headphones, and
joysticks. In this way, it is possible to be fully immersed in the simulation created [13]

During the past two decades, virtual reality can be used for entertainment[14],
education[15], training[16], research[17] and much more. Virtual reality technology is
becoming increasingly accessible and powerful, and the potential uses are virtually limitless
[18,19]

In the medical field, as an effective and efficient tool to prevent emotional disorders such
as anxiety [20] and physical impairments in rehabilitation processes [21] Lately, there has
been a growing interest in the use of virtual reality technology as a method of pain reduction
[22,23] It is also being used for educational or research purposes [24] Like training doctors,
nurses and dentists, allowing them to experience real medical situations before treating real
patients [25,26]

In dentistry, although not yet widespread, VR has proven to be a beneficial tool for
clinical practice in several specialties [27] From student training [26,28] to predicting surgical
complications[29], physicians can use virtual reality technology to show their patients the

expected results even before undergoing any procedure [30]
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In paediatrics, they can be implemented in the education and maintenance of oral
hygiene [31] In addition, the reduction of anxiety and pain can also be experienced with the
use of this technology [32]

One specific application of VR is virtual reality exposure therapy, which employs VR
technology to assist patients in overcoming their fear of dental procedures [33] By allowing
patients to virtually experience the entire scenario before the actual procedure begins, they
can gain a better understanding of the treatment and confront their fears in a safe and

controlled environment[34]

In recent years, virtual reality has gained popularity in clinical research studies as an
innovative technique for modulating paediatric behaviour [19,24,28] According to Mccaul et al.
1992, the perception and attention to pain play crucial roles in pain experience. VR does not
directly impact the pathophysiological mechanisms of pain but rather focuses on modifying
patients' perception and attention to pain [35].

While VR in dentistry is not yet widely adopted, it has demonstrated considerable
benefits across various specialties [27] In paediatrics, sees its VR can be effectively utilized
for oral hygiene education and maintenance [31] However, this technology has been showing
promising results in reducing anxiety and pain levels in paediatric patients [33,36]

This research aims to provide a systematic review assessing VR in controlling pain and

anxiety in children during dental consultations.

METHODOLOGY

This systematic review adhered to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines, and the research question was
formulated using the PICO (Population, Intervention, Comparison, Outcome) format. The

objective of this review was to investigate the effectiveness of virtual reality (VR) in controlling
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anxiety and pain during dental appointments in the paediatric population (P), in comparison to
other behavioural control techniques (C).

The review protocol was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) with the registration number CRD4202340967. A
comprehensive literature search was conducted in January 2023, using the
PubMed/Medline®, SCOPUS, and Web of Science databases. The search results were
exported to the Parsifal bibliography manager software, where duplicates were removed, and

articles were selected based on the defined objective and criteria (Table 1).

Table 1: Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Studies designed as randomized clinical trials Systematic/narrative reviews and meta-
(RCTs), experimental and case-control study analyses, case reports, case series.
designs with a full-text report

Full text papers from 2003-2023 Studies without a full-text report
Children under 18, female or male Patients with any visual and/or hearing
impairment.
Used virtual reality interventions to help ease Use of 2D devices

anxiety and pain during dental procedures

The search strategy employed a combination of subject heading terms, keywords and
text words, utilizing Boolean operators such as 'OR' and 'AND' (Table 2).

Two independent researchers (DP and PC) performed the search and screening
procedure for this systematic review, following the predetermined inclusion and exclusion
criteria. In the event of any disagreement between the researchers, a third researcher (AM)
was consulted to resolve it.

To assess agreement and reliability between researchers, Cohen's Kappa coefficient
was employed. The coefficient ranges from -1 to 1, with values closer to 1 indicating higher

agreement between reviewers and values closer to -1 indicating greater disagreement.
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180 Data extracted included author, year, study design, sample size, age, dental procedure,
181 intervention used, timing of intervention, control/comparison groups, outcomes, and outcome
182  measures.

183 The quality assessment of the included studies was conducted using the Newcastle
184  Ottawa Scale (NOS) [36].

185
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Table 2: Research methodology

PUBMED

#1

“VR"[All Fields] OR "virtual reality"[All Fields] OR "augmented reality"[All Fields] OR "AR"[All Fields] OR "mixed reality"[All Fields] OR "Audiovisual
distraction"[All Fields] OR "audiovisual'[All Fields] OR "Audiovisual Aids"[All Fields] OR "headset™[All Fields] OR "vr headset™[All Fields] OR "virtual
reality headset"[All Fields] OR "AR headset"[All Fields] OR "augmented reality headset"[All Fields] OR "Artificial intelligence[All Fields]OR "VR
goggles'TAll Fields] OR "virtual reality goggles"[All Fields] OR "AR goggles'[All Fields] OR "augmented reality goggles"[All Fields] OR "Virtual Reality
Exposure Therapy"[All Fields] OR "VR Exposure Therapy"[All Fields] OR "Augmented Reality Exposure Therapy'[All Fields] OR "Virtual Reality Exposure

Therapy'[MeSH Terms] OR "Audiovisual Aids"[MeSH Terms] OR "augmented reality"[MeSH Terms]

#2

"child, preschool'[MeSH Terms] OR "preschool child"[All Fields] OR "paediatric population"[All Fields] OR "paediatric patient*'[All Fields] OR "child"[MeSH
Terms] OR "child*'[All Fields] OR "adolescent'[MeSH Terms] OR "adolescen™[All Fields] OR "pre schooler™[All Fields] OR "youth"[All Fields] OR
"teenager[All Fields] OR "teen*'[All Fields] OR "preteen*[All Fields] OR "pre teen*'[All Fields] OR "pediatrics"[MeSH Terms] OR "paediatric*"[All Fields]

OR “Autistic Disorder’[MeSH Terms] OR “Autism”[All Fields] OR “Down Syndrome”[MeSH Terms] OR “Down Syndrome”[All Fields]

#3

"Pain"[All Fields] OR "Pain Management'[All Fields] OR "dental pain"[All Fields] OR "Pain Perception"[All Fields] OR "Anxiety"[All Fields] OR "Dental
anxiety"[All Fields] OR "anticipatory anxiety"[All Fields] OR "fear"[All Fields] OR "stress"[All Fields] OR "Dental anxiety'[MeSH Terms] OR "Pain

Management'[MeSH Terms] OR "Pain"[MeSH Terms] OR "Pain Perception"[MeSH Terms]

"dental care"[All Fields] OR "dental procedure*[All Fields] OR "dental operation*'[All Fields] OR "dental appointment*'[All Fields] OR "dental

treatment*'[All Fields] OR “dent*"[All Fields] OR “dental hospital*"[All Fields] OR “dentistry"[MeSH Terms] OR "dental care"[MeSH Terms]

#5

#1 AND #2 AND #3 AND #4

Table 2: Research methodology (cont.)
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SCOPUS

# “VR"OR "virtual reality" OR "augmented reality" OR "AR" OR "mixed reality" OR "Audiovisual distraction" OR "audiovisual" OR "Audiavisual Aids" OR
"headset™ OR "vr headset™ OR "virtual reality headset" OR "AR headset" OR "augmented reality headset” OR "Artificial intelligence" OR "VR
goggles" OR "virtual reality goggles" OR"AR goggles" OR "augmented reality goggles" OR "Virtual Reality Exposure Therapy" OR "VR Exposure
Therapy" OR "Augmented Reality Exposure Therapy"
#2 "preschool child" OR "paediatric population” OR "paediatric patient* OR "child*' OR "adolescen*' OR "pre schooler*" OR "youth" OR "teenager*' OR
"teen™ OR "preteen*' OR "pre teen*' OR "paediatric* OR "Autistic Disorder" OR "Autism" OR "Down Syndrome"
#3 "Pain" OR "Pain Management" OR "dental pain" OR "Pain Perception" OR "Anxiety" OR "Dental anxiety" OR "anticipatory anxiety" OR "fear" OR
"stress"
#4 "dental care" OR "dental procedure™ OR "dental operation™ OR "dental appointment™ OR "dental treatment™ OR “dent™ OR “dental hospital™
#5 #1 AND #2 AND #3 AND #4
WEB OF SCIENCE
# (VR) OR (virtual reality) OR (augmented reality) OR (AR) OR (mixed reality) OR (Audiovisual distraction) OR (audiovisual) OR (Audiovisual Aids) OR
(headset™) OR (vr headset®) OR (virtual reality headset) OR (AR headset) OR (augmented reality headset) OR (Artificial intelligence) OR (VR
goggles)OR (virtual reality goggles) OR (AR goggles) OR (augmented reality goggles) OR (Virtual Reality Exposure Therapy) OR (VR Exposure
Therapy) OR (Augmented Reality Exposure Therapy)
#2 (prescheol child) OR (paediatric populaticn) OR (paediatric patient*) OR (child*) OR (adolescen*) OR (pre schooler*) OR (youth) OR (teenager”) OR
(teen*) OR (preteen®) OR (pre teen”) OR (paediatric*) OR (Autistic Disorder) OR (Autism) OR (Down Syndrome)
#3 (Pain) OR (Pain Management) OR (dental pain) OR (Pain Perception) OR (Anxiety) OR (Dental anxiety) OR (anticipatory anxiety) OR (fear) OR
(stress)
#4 (dental care) OR (dental procedure®) OR (dental operation*) OR (dental appointment*) OR (dental treatment™) OR (dent*) OR (dental hospital*)
#5 #1 AND #2 AND #3 AND #4
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190 RESULTS

191

192  Study selection

193 The search queries yielded a total of 525 abstracts from three different databases. After
194  removing 79 duplicate articles, 446 unique abstracts remained. Upon reviewing the titles and
195  abstracts, 392 records were deemed irrelevant and excluded. Subsequently, 54 articles were
196  selected for full-text analysis. Among these, 32 articles were excluded as they utilized
197  audiovisual glasses without 3D immersion. Ultimately, 22 articles were considered suitable for

198 inclusion in this systematic review (Fig 1).

Identification of studies via databases and registers

Pubmed Scopus Web of Science
(n =90) (n =1086) (n=329)
(=
L
gg v
=
[
= Records screened (n =525)
K=1 Duplicate records removed
S —> (n =79)
§
"é Total number of articles after extracting duplicates (n= 4486)
]
(7]
K=1 Articles excluded after
e > reading the title and abstract
— (n=392)
g‘ Articles whose full text was analysed (n= 54)
<
=] .
i Articles excluded:
K=1 Not using 3D technology (n=24)
> Systematic reviews (n=5)
e Over 18 years old (n=3)

Studies included in review (n =22)

199
200  Figure 1- PRISMA search strategy.

201 (K= Cohen's kappa coefficient)
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As stated in Fig 1, inter-rater agreement, was determined and a kappa value of 1 was

obtained during the selection process, indicating an excellent agreement.

Study Characteristics

This analysis included 22 studies conducted in various countries, including Turkey, Iran,

India, China, Jordan, Spain, Syria, Italy, and Indonesia. All of these studies were randomised

control trials [37-58]. Table 3 offers a comprehensive overview of the studies characteristics:

authors, publication date, country, study type, participants number and ages and study

outcomes. The VR equipment utilized in the studies is also included.

Table 3: Summary of results (A1-AG)

Study A'f(?;}rs Study Pa&:ﬁ%i:ts Results Dependent Control VR
ID Country design Age variables groups Equipment
Oziikog et al [37] 23 VR had best result
A1[37] 2020 RCT across all MIH CPMAS Vs control Preo VR Box
iy 10-12 years severity levels
Baniebrahimi et al
[38] 42 Anxiety FBRS Vs Dental
A2 [38] RCT significantly lower - simulation Not specified
2022 5-8 years in the VR MCDAS, FIS game
Iran
. . SCARED,
Shetty et al [39 Pain and anxiet 3 .
iy etal [ 120 significant ! MEDAS, Fases
A3 [39] 2019 RCT reduction in:VE Salivary Vs control 920HR, llixco
India S RS sy cortisol levels, Inc.
graup WEFS
Kumari et al [40]
& 200 Immersive grou FER Vs Non-
e i . e had best ru;s\;sults{,J i iy immersive VR Oculus Go
India S e WEFS, VAS
Ran et al [41] 120 VR significantly FBRS. WBFS
A5 [41] 2021 RCT reduced the CF."::;S DS | Vs control HTC's VIVE
China 4-8 years anxiety and pain =
Alshatrat et al [42] 54 VR was found to —
A6 [42] 2022 RCT be an effective FLACC V’ AS Vs control iWear Vuzix®
Josdian 5-12 years distraction J
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227

228

Table 3: Summary of results (A13-A17)

Study At:}:ac:m Study Paﬁ:f:‘%i?ts Results Dependent Control VR
ID Country design Age variables groups Equipment
Gomez-Polo et al :
[43] 80 VR effectively C_Zelsg
A7 [43] RCT managed anxiety FBRS, FIS Vs control INerMmicer
2021 5-10 years and behavior (Carl Zeiss
Spain AG)
Du et al [44] -~ VR f;gr&lllg:ntly Hodpiaeals,
AB [44] 2022 RCT I 0w WBFS, CFSSq{ Vs control HTC
. 4-9 years yip DS, SSQ
China perception
Aditya et al [45] P vs control vs
A9 [45] S5 iy 60 V?g;fg;gcﬁg'y VPT, Pulse | Fidgetspinner|  MIVR
) 6-9 years - ; oximeter Vs Headset
India Aty apdipan Kaleidoscope
Nuvvula et al [46] FBRS, Houpt
A10 [46] 2015 RCT 90 h?Dhg:?:\?eT:gf Scale, vs control vs | Vuzix Eyewear
, 7 - 10 years gatisfacﬂon MCDAS, Music Wrap 920
India . Pulse rate
Murali et al [47] 75 . .
A11 [47] 2021 RCT VR had best FIS vs control | Virtual private
5-8 year results theater system
India
Felemban et al [48] BAS, Pulse
A12 [48] 2021 RCT 50 V(I?Vf;?(l:zi(]ieto oximeter, vs regular LG 380, LG
B- 12 years dental iat WBFS, screen Electronics
Saudi Arabia entalanxiesy FLACG
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230
231

232

Table 3: Summary of results (A13-A17)

Study foithors Study Fanvpails Dependent Control VR
ID sl design e Results variables roups Equipment
Country g Age group S
Al-Halabi et al [49] . Tablet had the
bests results for BAS, Pulse | vs control vs i
At A el & 40yeais anxiety and rate, WBFS tablet Blackrg
Syria pain
Buldur et al [50] —
78 VRsignficantly | eppe pgs PlayStation 4
A14 [50] 2021 RCT reduced pain vs control
.y 7 -11 years and anxiety rate, WBFS VR, Sany Inc.
urkey
Sharma et al [51] 97 VR eﬁective!y -
A15[51] 2021 RCT managed anxiety FBRS, FLAC vs control Not specified
. 4-8 years and behaviour
India
VR made
Daa Khan et al [52] 100 Fildianiess
A16 [52] 2019 RCT 410 anxious and Pulse rate vs control Not specified
-10 year
India ¥ mare.
cooperative
Atzori et al [63] g VR increased
fun during 0-10 graphic Oculus Rift
Al 2018 RoL 7-17 years dental rating scale vecaninal DK2 and CV1
Italy procedures
Table 3: Summary of results (A18-A22)
Authors Participants
S | e | S| Clumber | resurs | Sopendenc | comol | VR
Country 9 Age group LA
Niharika et al [54] i VR significantly WBFS,
A18 [54] 2018 RCT Faduced fhe MCDAS, 1\ control | Anti Tank VR
) 4-8years anxiety and oximeter,
India pain heart rate
Pande et al [55] & VR was most vs control vs
effective in Pulse rate, audio vs s
SRks) 20200 REd 5-8 years reducing dental FIS smartphone hikspaciied
India fear/anxiety app
Greeshma et al
[56] 90 Children were
A20 [56] i RCT most relaxed in ra':f;)g‘r‘]lz‘fer ¥ c::éfgl S | Not specified
- 6 to 8 years VR group, )
ndia
Zaidman et al [67] - VR c_:lecregsed
A21[57] 2022 RCT Fainduing WBFS, MBPS| vs control Oculus Go
4-12 years rubber dam
Israel placement
Kaswindiarti et al ; ;
Pain/anxiet .
[58] 120 i dy WBFS, i-glasses
A22 [58] 2022 RCT sianificantl Salivary vs control 920HR, llixco
5-8 years L?sing VRy cortisol levels Inc
Indonésia
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The studies investigated the effectiveness of different immersive VR techniques,
compared to various behavioural control techniques in paediatric dentistry: passive distraction,
the tell-show-do technique [37, 39, 41-47, 50, 52-58], including digital screen and audio-visual
distraction [38, 40, 48, 49, 51, 55]. The total number of participants involved in the studies was
2,558, with most studies focusing on children aged between 5 and 12 years. However, some
studies included children within narrower age ranges, such as 7-9 years or 5-8 years.

The evaluated dental procedures varied across the studies, ranging from the delivery of
local anaesthesia, to pulp therapy, tooth extractions and dental restorations. Some studies
focused on specific procedures, such as inferior alveolar nerve blocks, while others assessed
intervention effectiveness in a variety of dental procedures, or cooperation at the first dental

appointment (Table 4).



261 Table 4: Summary of dental procedures

Article Dental procedures

A1[37] | Composite restorations

Infiltration of anaesthesia, pulpotomy and/or restoration of primary

A2 B8] first molar

A3 [39] | Pulpotomy

A4 [40] | Inferior alveolar nerve block for various dental procedures

A5 [41] | Short-term dental procedure (< 30 min)

AG [42] Dental procedures, not requiring local anaesthesia
Painful dental procedures, requiring local anaesthesia

A7 [43] | Topical and infiltrative anaesthesia

A8 [44] | Primary teeth extraction under local anaesthesia

A9 [45] | Inferior alveolar nerve block

A10 [46] | Inferior alveolar nerve block for pulp therapies in primary molars

A11 [47] | Class | restorations in mandibular primary molars

A12 [48] | Buccal infiltration local anaesthesia

A13 [49] | Inferior alveolar nerve block

Class | composite resin restorations in mandibular first permanent

Ata 50 molars under local anaesthesia

A15 [51] | Nerve block, extraction or pulpal therapy

Dental examination, acclimatization, oral hygiene information,

16 e prophylaxis and composite restoration

A17 [53] | Tooth extraction or dental restoration

A18 [54] | Pulp therapy treatment.

A19 [55] | Composite restorations

A20 [56] | Inferior alveolar nerve block, mandibular tooth extraction

A21 [57] | Inferior alveolar nerve block, rubber dam placement

262 A22 [58] | Short invasive dental treatment (vital pulp therapy)

263

264 In this systematic review, different models and brands of VR glasses were observed.
265  Only 5 of the 22 articles included did not present any specifications on the VR device used
266 [38, 51, 52, 55, 56], which prevents data comparisons, based on the devices” specifications,
267 based on size, weight, comfort or safety indications.

268

269 Results Summary
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The majority of studies compared the usage of VR, with an alternative technique,
during a dental procedure or initial consultation, peri-operatively, except one [38] where the
control group included pre-operative exposure to a dental simulation game.

In this systematic review, the primary outcomes were anxiety and pain management in
a paediatric dental consultation. In the selected studies, several scales were used for
preliminary behaviour assessment and anxiety and pain evaluation, during the appointment.
It was observed that anxiety was the most investigated aspect, 16 papers [37-40, 43, 45-50,
52, 54-56, 58], while the perception of pain was addressed in 12 papers [39-42, 44, 48-51,
53, 54, 57, 58]. Scales for anxiety and pain measurement depend on the child’s age and
development, hence the variety encountered in the reported studies, as there was a wide
age range of participants, from pre-schoolers to pre-teenagers. The referred anxiety scales
were CPMAS, MCDAS, MCDAS(f)-r, FIS, VPT and the described pain scales were WBFS,
VAS, FLACC, MBPS (Table 5). Some studies also included objective physiological
parameters, such as salivary cortisol [39, 58], pulse oximeter [45, 48, 54] and pulse rate [46,
49, 50, 52, 54-56]. In a small number of studies, there were also evaluated other

parameters, such as fear [41, 44] and cybersickness, nausea and fun [53].

Table 5: Measurement scales and protocols
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Study ID

Measurement Scales and Potocols

A1[37]

Anxiety: The Children's Perioperative Multidimensional Anxiety Scale (CPMAS)

A2 [38]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Anxiety: Modified Child Dental Anxiety Scale (MCDAS)
Facial Image Scale (FIS)

A3[39]

Behaviour: Screen for Child Anxiety Related Emotional Disorders (SCARED)

Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Salivary cortisol levels

Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A4 [40]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Anxiety: Modified Child Dental Anxiety Scale (MCDAS)
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

Visual Analogue Scale (VAS)

A5 [41]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Fear: Children's Fear Survey Schedule-Dental Subscale (CFSS-DS)

A6 [42]

Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Face, Legs, Activity, Cry, Consolability (FLACC) scale
Visual Analogue Scale (VAS)

AT [43]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Anxiety: Facial Image Scale (FIS)

A8 [44]

Behaviour: Houpt Scale

Pain: Wong Baker Faces Pain Rating Scale (WBFS)

Fear: Children’s Fear Survey Schedule-Dental Subscale (CFSS-DS)
Cybersickness: Simulator sickness questionnaire (SSQ)

A9 [45]

Anxiety: Venham picture test (VPT)
Pulse oximeter

A10 [46]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Houpt Scale
Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Pulse rate

A1 [47]

Anxiety: Facial Image Scale (FIS)

A12 [48]

Behaviour: Behaviour assessment scale
Anxiety: Pulse oximeter
Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Face, Legs, Activity, Cry, Consolability (FLACC) scale

A13 [49]

Behaviour: Behaviour assessment scale
Anxiety: Pulse rate
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A14[50]

Behaviour: Frankl's behaviour rating scale
Anxiety: Pulse rate
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A15[51]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Pain: Face, Legs, Activity, Cry, Consolability (FLACC) scale

A16 [52]

Anxiety: Pulse rate

A17 [53]

Pain, quality of the VR experience, nausea and fun: 0—10 graphic rating scale (Italian scale)

A18 [54]

Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Pulse oximeter and heart rate
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A19 [55]

Anxiety: Pulse rate
Facial Image Scale (FIS)

A20 [56]

Anxiety: Facial Image Scale (FIS)
Pulse rate and oxygen saturation

A21[57]

Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Modified Behavioural Pain Scale (MBPS)

A22 [58]

Anxiety: Salivary cortisol levels
Pain: Wong Baker Faces Pain Rating Scale (WBFS)
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Overall, the benefit of VR in controlling anxiety and pain was significantly consistent in
the included studies, comparing to the corresponding control group, with the exception of the
studies by Alshatrat et al [42], Aditya et al [45], Felenbam et al [48], Al-Halabi [49] and
Zaidman et al [57]. In study, VR had a similar effect to screen distraction on heart-rate levels
and pain during buccal infiltration anaesthesia.

Oziikog et al found that children with MIH-affected teeth who are distracted from dental
procedures using 3D VR games experienced less dental anxiety (p<0.05) [37]. Concerning
short time appointments, Shetty et al, Ran et al and Kaswindiarti et al., showed a significant
reduction in pain, anxiety [39, 41, 58], salivary cortisol (p<0.001) [39, 58] and a shorter
treatment time [41]. Regarding delivery of intraoral anaesthesia, MCDAS, VAS and WBFRS
improved in the immersive VR group [40]. Others presented similar results [38, 44, 46, 49-
51, 53, 56].

High levels of satisfaction from children who experienced treatment with 3D video
glasses were observed in the study by Nuvvula et al [46] and increased fun during dental

procedures was reported by the participant children in the study of Atzori et al [53].

DISCUSSION

This systematic review focus on comparing the use of VR with conventional non-
pharmacological behavioural management techniques in paediatric dental consultations. The
selected articles cover various dental procedures such as dental examination, restorations,
pulp treatment and anaesthesia. VR was used perioperatively, behaviour, anxiety and pain
scales were used to determine efficacy and patient satisfaction. There is strong evidence of
the success of VR as a behaviour management tool, in the paediatric dental setting, which is
some instances rates superior to conventional behaviour management techniques.

The studies included in this review examined different behavioural control techniques in

paediatric dentistry. Conventional techniques were used as a control group in all studies.
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Some studies used only VR as a test group, while others using a combination of VR with
additional techniques like audio, digital screens, and smartphone games. Interestingly, none
of the studies demonstrated that traditional techniques were more effective than the tested
techniques in reducing anxiety and pain perception. This can be attributed to VR's ability to
divert patients' attention to a pleasant virtual environment, thereby reducing physical pain.

Three studies A12[48], A13[49] and A15[51] compared the use of digital flat panel
devices with VR devices as methods of distraction during local anaesthesia administration.
One study A15[51] found VR devices to be more effective in reducing pain perception
compared to other groups. However, two other studies A12[48] and A13[49] concluded that
tablets provided greater relief from anxiety and pain during anaesthesia. It's important to
consider variables that influence children's experiences during dental procedures, such as the
type of anaesthesia and the technology (tablet or smartphone) they are familiar with.

Three studies conducted in India A10[46], A19[55] and A20[56] compared the use of VR
and audio. Results showed that both audio and VR distraction were effective in reducing
anxiety, compared to the conventional "Tell-Show-Do" technique. However, VR proved to be
more effective in reducing anxiety and pain perception. While music distraction in the dental
environment is widely adopted, VR presents itself as a viable alternative. Only one study
A19[55] included smartphone games alongside VR. It suggested that VR and smartphone
gaming were the most effective distraction techniques for managing negative behaviour in
paediatric dental patients. When comparing the effectiveness of these techniques, VR
distraction was found to be more effective than smartphone game distraction. The VR provided
simultaneously an immersive and interactive experience, which is likely to have contributed to
its greater effectiveness.

One study A4[40] compared the effect of immersive and non-immersive VR on pain
perception during intraoral injections. Both distraction methods were effective in reducing pain
perception, with immersive VR slightly more effective. However, the study had limitations such

as a small sample size and limited assessment of pain immediately after the injection. Further
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research is needed to assess the impact of VR distraction in different time points and in a
larger sample.

While VR glasses can improve patient cooperation, other factors need to be addressed,
such as costs, communication issues, dentists’ perceptions. Some top range VR appliances
are expensive; however, prices have become more accessible. VR can also interfere with
communication between the dentist and patient during complex procedures, potentially
impairing diagnosis and treatment. Vision blockage and absence of caregivers in the visual
field can increase children's anxiety.[58] However, one study A17[53] reported a positive
experience of dentists who used VR, feeling more relaxed and focused on their work.
Communication with patients was not affected, despite the use of headsets. These issues
need to be considered when evaluating the use of VR in dentistry.

The increasing use of VR headsets raises health concerns. Prolonged use can lead to
eyestrain, dry eyes, vision problems, migraines, dizziness, and motion sickness and risk of
photosensitive epilepsy. Responsible use of VR headsets is critical to ensure patients' well-
being.[59,60]

The appropriate age for using digital equipment, including smartphones and tablets, is
debated, and virtual reality (VR) requires further studies, particularly evaluating its long-term
effects and across different age groups.[5,61] Immersive media hardware companies have
established safety recommendations, with Sony Interactive Entertainment[62], Oculus[63],
PlayStation[64], and Samsung[65] stating that their products are not recommended for
children under 12 or 13 years old. LG[66] sets the highest age limit at 15, while HTC[67],
examined in study A5[41], has the lowest limit of 4 years without a "safe mode." All articles in
this systematic review used VR glasses in children below the manufacturers'
recommendations, except for studies without specified equipment brands.

To mitigate adverse effects, researchers have explored strategies such as oculomotor
exercises before using VR glasses, which have shown effectiveness in reducing
cybersickness and associated symptoms.[68] Taking breaks during VR use is also

recommended to prevent digital eye strain, with suggestions including a 20-second break
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every 20 minutes or breaks every 15 minutes as recommended by the UK Department for
Business Energy and Industrial Strategy in 2020.[69] However, reviewed studies did not
include a specific protocol for preventing eye injuries related to VR glasses.

Assessing cybersickness is crucial as it can cause discomfort and symptoms like
nausea, dizziness, headache, eyestrain, and general discomfort. It significantly impacts the
user experience and may limit the effectiveness of VR applications.[59] However, among the
selected articles, only one A8[44] evaluated cybersickness.

The cost of 3D immersion devices varies based on the type of glasses chosen.
Cardboard glasses, the most economical option, use the smartphone screen for
display.[70,71] High-end glasses offer better immersion quality, have their own software and
hardware, but still utilize the smartphone as a screen.[9] Gaming glasses are the most
expensive, and required a computer connection. They are primarily sought after by
professional players for superior performance but acquiring them for a dental appointment
may not be justified.[72,73] Overall, VR appears to be a viable alternative to pharmacological
behaviour methods, such as conscious sedation or general anaesthesia, which carry
associated costs and health risks. By utilizing VR, the need for these pharmacological

interventions can potentially be reduced and in certain circumstances eliminated.[22,33]

Finally, in this systematic review, the quality of the evidence is good. However, the
review is limited by the diverse range of pain and anxiety scales used in the included studies,
making direct comparisons challenging. Future research should consider conducting
qualitative studies to explore patient-reported outcomes and investigate the long-term effects

of VR on anxiety and pain.

CONCLUSION
This systematic review has showed that virtual reality technology during dental treatment

is an effective tool for reducing anxiety and pain in children, when compared to conventional
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behavioural management techniques. By creating an engaging and immersive experience, VR
successfully shifts the patients' focus away from the clinical environment, resulting in a more
positive and enjoyable treatment experience. Therefore, it is crucial that dental professionals
become familiar with VR as a valuable tool in the management of paediatric patients. Further
research is required to determine the sustained benefits of VR and its integration into routine

clinical practice.
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NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE: RANDOMIZED CONTROLLED TRIAL

Note: A study can be moarded a maxivum of one star () for each numbered ifem within the Selection and Exposure
categaries, A maximum of twe stars can be given for Comparability.

Selection

1) Is the case definition adequate?
a) yes, with independent validation *
b} yes, e.g. record Iirl.'kage or based on self reparts
€] nodescription
2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b} potential for selection biases or not stated
3) Selection of Controls
a) community controls *
b} hospital controls
¢} nodescription
4) Definition of Controls
a) o history of disease (endpoint) *
b) nodescription of source

Comparability

1) Comparability of cases and controls on the basis of the design or analysis
a) study controls for (Select the most important factor.) *
b)  study controls for any additional factor * (This criteria could be modified to indicate specific
control for a second important factor.)

Exposure

1) Ascertainment of exposure
a) secure record (eg surgical records) *
b} structured interview where blind to case/control status *
¢} inferview not blinded to case/control status
d) written self report or medical record only
e} nodescription

2) Same method of ascertainment for cases and controls
a) yes*
b} no

3) Non-Response rate
a) same rate for both groups *
b} non respondents described

¢) rate different and no designation
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Virtual Reality and Behaviour Management in Paediatric Dentistry:

A Systematic Review

ABSTRACT

Background: Virtual reality (VR) has emerged as an innovative tool in medicine and dentistry,
improving anxiety and pain management in children. The immersive and interactive
environments of VR technology helps distract and engage young patients during dental
procedures, potentially reducing anxiety levels and improving treatment experience. The aim
of this review was to provide current evidence-based guidance on the usage of VR in the

clinical practice of paediatric dentistry.

Methods: A systematic review was conducted according to the PRISMA guidelines with the
following research question using the PICO format: Does VR (l) effectively manage anxiety
and pain (O) during a paediatric dental consultation (P) compared to alternative behavioural
control techniques (C)? PubMed/Medline®, SCOPUS, and Web of Science databases were

searched and analysed.

Results: Search queries identified a total of 525 abstracts from three different databases.
Duplicate articles were removed (n=79), leaving a total of 446 abstracts. After reading the title
and abstract, 392 records were excluded. In the end, 22 articles were considered suitable for

this systematic review.

Conclusions: VR is a highly effective method of behaviour management, successfully
alleviating pain and anxiety in children during dental treatment, surpassing traditional tools. By

offering an engaging and immersive experience, VR effectively diverts patients' attention away
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from the clinical environment, fostering a positive and enjoyable treatment experience.
However, it is crucial to acknowledge the limitations of existing studies and the need for further

research to enhance the understanding of VR's full potential in paediatric dentistry.

Keywords: Virtual reality, paediatric dentistry, distraction, dental anxiety, pain control,

behaviour management

BACKGROUND

Fear and apprehension regarding dental treatment are the most significant factors
negatively impacting the daily clinical work of paediatric dentists [1] Dental appointments can
trigger anxiety and pain, leading to treatment avoidance or refusal, which can worsen the
patient's overall health condition. Factors contributing to dental fear and anxiety, as noted by
Dahlander et al. 2019, include previous negative experiences of close acquaintances, lack of
information about the treatment, the way the treatment is performed, and the dental
environment itself [1]

For anxious children with a phobia of medical/dental treatments, distraction can be an
effective method of diverting the patient's attention away from their perception of procedures
that are considered unpleasant [3] A variety of distraction techniques are employed to mitigate
anxiety and enhance the dental experience for young patients [4] Audiovisual distractions,
such as tablet devices and smartphones, play a crucial role in engaging children and amusing
attention in their daily lives [5,6] And are widely accepted by children and parents during
medical procedures [7]

With the rapid advancement of technology, audiovisual glasses emerged as a significant
development in distraction techniques. These glasses allowed videos to be displayed in a two-
dimensional format [2D], providing an enhanced visual experience for paediatric patients.

However, a notable progression in this field came with the introduction of virtual reality glasses
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[8] Unlike their 2D counterparts, virtual reality glasses enable the display of interactive content
in a three-dimensional format [3D]. This advancement immerses patients in a more realistic
and engaging virtual environment, offering a heightened sense of presence and interactivity
during dental procedures [9] The transition from 2D to 3D glasses represents a substantial
leap in distraction techniques, demonstrating the continuous efforts to improve the dental

experience for paediatric patients [10]

Virtual reality is a three-dimensional simulation technology that can be used interactively
through a computer. Virtual reality creates an artificial environment that mimics the real world,
allowing users to experience an alternate world [11,12] The virtual experience provides multi-
sensory information through synchronization between the head-mounted display helmet
(provides an image with a sense of space and depth), motion sensors, headphones, and
joysticks. In this way, it is possible to be fully immersed in the simulation created [13]

During the past two decades, virtual reality can be used for entertainment[14],
education[15], training[16], research[17] and much more. Virtual reality technology is
becoming increasingly accessible and powerful, and the potential uses are virtually limitless
[18,19]

In the medical field, as an effective and efficient tool to prevent emotional disorders such
as anxiety [20] and physical impairments in rehabilitation processes [21] Lately, there has
been a growing interest in the use of virtual reality technology as a method of pain reduction
[22,23] It is also being used for educational or research purposes [24] Like training doctors,
nurses and dentists, allowing them to experience real medical situations before treating real
patients [25,26]

In dentistry, although not yet widespread, VR has proven to be a beneficial tool for
clinical practice in several specialties [27] From student training [26,28] to predicting surgical
complications[29], physicians can use virtual reality technology to show their patients the

expected results even before undergoing any procedure [30]
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In paediatrics, they can be implemented in the education and maintenance of oral
hygiene [31] In addition, the reduction of anxiety and pain can also be experienced with the
use of this technology [32]

One specific application of VR is virtual reality exposure therapy, which employs VR
technology to assist patients in overcoming their fear of dental procedures [33] By allowing
patients to virtually experience the entire scenario before the actual procedure begins, they
can gain a better understanding of the treatment and confront their fears in a safe and

controlled environment[34]

In recent years, virtual reality has gained popularity in clinical research studies as an
innovative technique for modulating paediatric behaviour [19,24,28] According to Mccaul et al.
1992, the perception and attention to pain play crucial roles in pain experience. VR does not
directly impact the pathophysiological mechanisms of pain but rather focuses on modifying
patients' perception and attention to pain [35].

While VR in dentistry is not yet widely adopted, it has demonstrated considerable
benefits across various specialties [27] In paediatrics, sees its VR can be effectively utilized
for oral hygiene education and maintenance [31] However, this technology has been showing
promising results in reducing anxiety and pain levels in paediatric patients [33,36]

This research aims to provide a systematic review assessing VR in controlling pain and

anxiety in children during dental consultations.

METHODOLOGY

This systematic review adhered to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines, and the research question was
formulated using the PICO (Population, Intervention, Comparison, Outcome) format. The

objective of this review was to investigate the effectiveness of virtual reality (VR) in controlling
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anxiety and pain during dental appointments in the paediatric population (P), in comparison to
other behavioural control techniques (C).

The review protocol was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) with the registration number CRD4202340967. A
comprehensive literature search was conducted in January 2023, using the
PubMed/Medline®, SCOPUS, and Web of Science databases. The search results were
exported to the Parsifal bibliography manager software, where duplicates were removed, and

articles were selected based on the defined objective and criteria (Table 1).

Table 1: Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Studies designed as randomized clinical trials Systematic/narrative reviews and meta-
(RCTs), experimental and case-control study analyses, case reports, case series.
designs with a full-text report

Full text papers from 2003-2023 Studies without a full-text report
Children under 18, female or male Patients with any visual and/or hearing
impairment.
Used virtual reality interventions to help ease Use of 2D devices

anxiety and pain during dental procedures

The search strategy employed a combination of subject heading terms, keywords and
text words, utilizing Boolean operators such as 'OR' and 'AND' (Table 2).

Two independent researchers (DP and PC) performed the search and screening
procedure for this systematic review, following the predetermined inclusion and exclusion
criteria. In the event of any disagreement between the researchers, a third researcher (AM)
was consulted to resolve it.

To assess agreement and reliability between researchers, Cohen's Kappa coefficient
was employed. The coefficient ranges from -1 to 1, with values closer to 1 indicating higher

agreement between reviewers and values closer to -1 indicating greater disagreement.
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788 Data extracted included author, year, study design, sample size, age, dental procedure,
789 intervention used, timing of intervention, control/comparison groups, outcomes, and outcome
790  measures.

791 The quality assessment of the included studies was conducted using the Newcastle
792  Ottawa Scale (NOS) [36].

793
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Table 2: Research methodology

PUBMED

#1

“VR"[All Fields] OR "virtual reality"[All Fields] OR "augmented reality"[All Fields] OR "AR"[All Fields] OR "mixed reality"[All Fields] OR "Audiovisual
distraction"[All Fields] OR "audiovisual'[All Fields] OR "Audiovisual Aids"[All Fields] OR "headset™[All Fields] OR "vr headset™[All Fields] OR "virtual
reality headset"[All Fields] OR "AR headset"[All Fields] OR "augmented reality headset"[All Fields] OR "Artificial intelligence[All Fields]OR "VR
goggles'TAll Fields] OR "virtual reality goggles"[All Fields] OR "AR goggles'[All Fields] OR "augmented reality goggles"[All Fields] OR "Virtual Reality
Exposure Therapy"[All Fields] OR "VR Exposure Therapy"[All Fields] OR "Augmented Reality Exposure Therapy'[All Fields] OR "Virtual Reality Exposure

Therapy'[MeSH Terms] OR "Audiovisual Aids"[MeSH Terms] OR "augmented reality"[MeSH Terms]

#2

"child, preschool'[MeSH Terms] OR "preschool child"[All Fields] OR "paediatric population"[All Fields] OR "paediatric patient*'[All Fields] OR "child"[MeSH
Terms] OR "child*'[All Fields] OR "adolescent'[MeSH Terms] OR "adolescen™[All Fields] OR "pre schooler™[All Fields] OR "youth"[All Fields] OR
"teenager[All Fields] OR "teen*'[All Fields] OR "preteen*[All Fields] OR "pre teen*'[All Fields] OR "pediatrics"[MeSH Terms] OR "paediatric*"[All Fields]

OR “Autistic Disorder’[MeSH Terms] OR “Autism”[All Fields] OR “Down Syndrome”[MeSH Terms] OR “Down Syndrome”[All Fields]

#3

"Pain"[All Fields] OR "Pain Management'[All Fields] OR "dental pain"[All Fields] OR "Pain Perception"[All Fields] OR "Anxiety"[All Fields] OR "Dental
anxiety"[All Fields] OR "anticipatory anxiety"[All Fields] OR "fear"[All Fields] OR "stress"[All Fields] OR "Dental anxiety'[MeSH Terms] OR "Pain

Management'[MeSH Terms] OR "Pain"[MeSH Terms] OR "Pain Perception"[MeSH Terms]

"dental care"[All Fields] OR "dental procedure*[All Fields] OR "dental operation*'[All Fields] OR "dental appointment*'[All Fields] OR "dental

treatment*'[All Fields] OR “dent*"[All Fields] OR “dental hospital*"[All Fields] OR “dentistry"[MeSH Terms] OR "dental care"[MeSH Terms]

#5

#1 AND #2 AND #3 AND #4
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Table 2: Research methodology (cont.)

SCOPUS
#1 “VR" OR "virtual reality" OR "augmented reality" OR "AR" OR "mixed reality" OR "Audiovisual distraction" OR "audiovisual" OR "Audiovisual Aids" OR
"headset™ OR "vr headset™ OR "virtual reality headset" OR "AR headset" OR "augmented reality headset" OR "Artificial intelligence" OR "VR
goggles" OR "virtual reality goggles" OR"AR goggles" OR "augmented reality goggles" OR "Virtual Reality Exposure Therapy" OR "VR Exposure
Therapy" OR "Augmented Reality Exposure Therapy"
#2 "preschool child" OR "paediatric population” OR "paediatric patient™ OR "child*' OR "adolescen*' OR "pre schooler*" OR "youth" OR "teenager*' OR
"teen* OR "preteen™" OR "pre teen*' OR "paediatric*" OR "Autistic Disorder" OR "Autism" OR "Down Syndrome"
#3 "Pain" OR "Pain Management" OR "dental pain" OR "Pain Perception” OR "Anxiety" OR "Dental anxiety" OR "anticipatory anxiety" OR "fear" OR
"stress"
#4 "dental care" OR "dental procedure*' OR "dental operation*" OR "dental appointment' OR "dental treatment*' OR “dent*” OR “dental hospital”
#5 #1 AND #2 AND #3 AND #4
WEB OF SCIENCE
#1 (VR) OR (virtual reality) OR (augmented reality) OR (AR) OR (mixed reality) OR (Audiovisual distraction) OR (audiovisual) OR (Audiovisual Aids) OR
(headset*) OR (vr headset*) OR (virtual reality headset) OR (AR headset) OR (augmented reality headset) OR (Artificial intelligence) OR (VR
goggles) OR (virtual reality goggles) OR (AR goggles) OR (augmented reality goggles) OR (Virtual Reality Exposure Therapy) OR (VR Exposure
Therapy) OR (Augmented Reality Exposure Therapy)
#2 (prescheol child) OR (paediatric populaticn) OR (paediatric patient*) OR (child*) OR (adolescen*) OR (pre schooler*) OR (youth) OR (teenager*) OR
(teen*) OR (preteen*) OR (pre teen*) OR (paediatric*) OR (Autistic Disorder) OR (Autism) OR (Down Syndrome)
#3 (Pain) OR (Pain Management) OR (dental pain) OR (Pain Perception) OR (Anxiety) OR (Dental anxiety) OR (anticipatory anxiety) OR (fear) OR
(stress)
#4 (dental care) OR (dental procedure*) OR (dental operation*) OR (dental appecintment*) OR (dental treatment*) OR (dent*) OR (dental hospital*)
#5 #1 AND #2 AND #3 AND #4
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RESULTS

Study selection

The search queries yielded a total of 525 abstracts from three different databases. After
removing 79 duplicate articles, 446 unique abstracts remained. Upon reviewing the titles and
abstracts, 392 records were deemed irrelevant and excluded. Subsequently, 54 articles were
selected for full-text analysis. Among these, 32 articles were excluded as they utilized

audiovisual glasses without 3D immersion. Ultimately, 22 articles were considered suitable for

inclusion in this systematic review (Fig 1).

Identification of studies via databases and registers

Pubmed Scopus Web of Science
(n =90) (n =1086) (n=329)
(=
L
gg v
=
[
= Records screened (n =525)
=1 Duplicate records removed
o —> (n =79)
§
"é Total number of articles after extracting duplicates (n= 4486)
]
(7]
K=1 Articles excluded after
e > reading the title and abstract
— (n=392)
g‘ Articles whose full text was analysed (n= 54)
<
=] .
i Articles excluded:
K=1 Not using 3D technology (n=24)
> Systematic reviews (n=5)
e Over 18 years old (n=3)

Studies included in review (n =22)

Figure 1- PRISMA search strategy.

(K= Cohen's kappa coefficient)
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As stated in Fig 1, inter-rater agreement, was determined and a kappa value of 1 was

obtained during the selection process, indicating an excellent agreement.

Study Characteristics

This analysis included 22 studies conducted in various countries, including Turkey, Iran,

India, China, Jordan, Spain, Syria, Italy, and Indonesia. All of these studies were randomised

control trials [37-58]. Table 3 offers a comprehensive overview of the studies characteristics:

authors, publication date, country, study type, participants number and ages and study
outcomes. The VR equipment utilized in the studies is also included.
Table 3: Summary of results (A1-AG)
Study A'f(?;}rs Study Pa&:ﬁ%i:ts Results Dependent Control VR
ID Country design Age variables groups Equipment
Oziikog et al [37] 23 VR had best result
A1[37] 2020 RCT across all MIH CPMAS Vs control Preo VR Box
iy 10-12 years severity levels
Baniebrahimi et al
[38] 42 Anxiety FBRS Vs Dental
A2 [38] RCT significantly lower - simulation Not specified
2022 5-8 years in the VR MCDAS, FIS game
Iran
. . SCARED,
Shetty et al [39] - Pain and anxiety MCDAS, i-glasses
A3 [39] 2019 RCT " ds‘:%zglnc?r?t\m Salivary Vs control | 920HR, llixco
India S RS sy cortisol levels, Inc.
gretp WBFS
Kumari et al [40]
& 200 Immersive grou FER Vs Non-
Ad g 2021 e had best ru;s\;sults{,J s immersive VR Oculus Go
India 6-12-years WBFS, VAS
Ran et al [41] 120 VR significantly FBRS. WBFS
A5 [41] 2021 RCT reduced the CF."::;S DS | Vs control HTC's VIVE
China 4-8 years anxiety and pain =
Alshatrat et al [42] 54 VR was found to —
A6 [42] 2022 RCT be an effective FLACC V’ AS Vs control iWear Vuzix®
Josdian 5-12 years distraction J
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Table 3: Summary of results (A13-A17)

Study At:}:ac:m Study Paﬁ:f:‘%i?ts Results Dependent Control VR
ID Country design Age variables groups Equipment
Gomez-Polo et al :
[43] 80 VR effectively C_Zelsg
A7 [43] RCT managed anxiety FBRS, FIS Vs control INerMmicer
2021 5-10 years and behavior (Carl Zeiss
Spain AG)
Du et al [44] -~ VR f;gr&lllg:ntly Hodpiaeals,
AB [44] 2022 RCT I 0w WBFS, CFSSq{ Vs control HTC
. 4-9 years yip DS, SSQ
China perception
Aditya et al [45] P vs control vs
A9 [45] S5 iy 60 V?g;fg;gcﬁg'y VPT, Pulse | Fidgetspinner|  MIVR
) 6-9 years - ; oximeter Vs Headset
India Aty apdipan Kaleidoscope
Nuvvula et al [46] FBRS, Houpt
A10 [46] 2015 RCT 90 h?Dhg:?:\?eT:gf Scale, vs control vs | Vuzix Eyewear
, 7 - 10 years gatisfacﬂon MCDAS, Music Wrap 920
India . Pulse rate
Murali et al [47] 75 . .
A11 [47] 2021 RCT VR had best FIS vs control | Virtual private
5-8 year results theater system
India
Felemban et al [48] BAS, Pulse
A12 [48] 2021 RCT 50 V(I?Vf;?(l:zi(]ieto oximeter, vs regular LG 380, LG
B- 12 years dental iat WBFS, screen Electronics
Saudi Arabia entalanxiesy FLACG
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Table 3: Summary of results (A13-A17)

Study foithors Study Fanvpails Dependent Control VR
ID sl design e Results variables roups Equipment
Country g Age group S
Al-Halabi et al [49] . Tablet had the
bests results for BAS, Pulse | vs control vs i
At A el & 40yeais anxiety and rate, WBFS tablet Blackrg
Syria pain
Buldur et al [50] —
78 VRsignficantly | eppe pgs PlayStation 4
A14 [50] 2021 RCT reduced pain vs control
.y 7 -11 years and anxiety rate, WBFS VR, Sany Inc.
urkey
Sharma et al [51] 97 VR eﬁective!y -
A15[51] 2021 RCT managed anxiety FBRS, FLAC vs control Not specified
Indi 4-8 years and behaviour
ndia
VR made
Daa Khan et al [52] 100 Fildianiess
A16 [52] 2019 RCT 410 anxious and Pulse rate vs control Not specified
-10 year
India ¥ mare.
cooperative
Atzori et al [63] g VR increased
fun during 0-10 graphic Oculus Rift
Al 2018 RoL 7-17 years dental rating scale vecaninal DK2 and CV1
Italy procedures
Table 3: Summary of results (A18-A22)
Authors Participants
S | e | S| Clumber | resurs | Sopendenc | comol | VR
Country 9 Age group LA
Niharika et al [54] i VR significantly WBFS,
A18 [54] 2018 RCT Faduced fhe MCDAS, 1\ control | Anti Tank VR
) 4-8years anxiety and oximeter,
India pain heart rate
Pande et al [55] & VR was most vs control vs
effective in Pulse rate, audio vs s
SRks) 20200 REd 5-8 years reducing dental FIS smartphone hikspaciied
India fear/anxiety app
Greeshma et al
[56] 90 Children were
A20 [56] i RCT most relaxed in ra':f;)g‘r‘]i‘fer ¥ c::éfgl S | Not specified
- 6 to 8 years VR group, )
ndia
Zaidman et al [67] - VR c_:lecregsed
A21[57] 2022 RCT Fainduing WBFS, MBPS| vs control Oculus Go
4-12 years rubber dam
Israel placement
Kaswindiarti et al ; ;
58 Pain/amaety WBFS, i-glasses
(58] 120 decreased
A22 [58] 2022 RCT sianificantl Salivary vs control 920HR, llixco
5-8 years L?sing VRy cortisol levels Inc
Indonésia
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The studies investigated the effectiveness of different immersive VR techniques,
compared to various behavioural control techniques in paediatric dentistry: passive distraction,
the tell-show-do technique [37, 39, 41-47, 50, 52-58], including digital screen and audio-visual
distraction [38, 40, 48, 49, 51, 55]. The total number of participants involved in the studies was
2,558, with most studies focusing on children aged between 5 and 12 years. However, some
studies included children within narrower age ranges, such as 7-9 years or 5-8 years.

The evaluated dental procedures varied across the studies, ranging from the delivery of
local anaesthesia, to pulp therapy, tooth extractions and dental restorations. Some studies
focused on specific procedures, such as inferior alveolar nerve blocks, while others assessed
intervention effectiveness in a variety of dental procedures, or cooperation at the first dental

appointment (Table 4).
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Table 4: Summary of dental procedures

Article Dental procedures

A1[37] | Composite restorations

Infiltration of anaesthesia, pulpotomy and/or restoration of primary

A2 B8] first molar

A3 [39] | Pulpotomy

A4 [40] | Inferior alveolar nerve block for various dental procedures

A5 [41] | Short-term dental procedure (< 30 min)

AG [42] Dental procedures, not requiring local anaesthesia
Painful dental procedures, requiring local anaesthesia

A7 [43] | Topical and infiltrative anaesthesia

A8 [44] | Primary teeth extraction under local anaesthesia

A9 [45] | Inferior alveolar nerve block

A10 [46] | Inferior alveolar nerve block for pulp therapies in primary molars

A11 [47] | Class | restorations in mandibular primary molars

A12 [48] | Buccal infiltration local anaesthesia

A13 [49] | Inferior alveolar nerve block

Class | composite resin restorations in mandibular first permanent

Ata 50 molars under local anaesthesia

A15 [51] | Nerve block, extraction or pulpal therapy

Dental examination, acclimatization, oral hygiene information,

16 e prophylaxis and composite restoration

A17 [53] | Tooth extraction or dental restoration

A18 [54] | Pulp therapy treatment.

A19 [55] | Composite restorations

A20 [56] | Inferior alveolar nerve block, mandibular tooth extraction

A21 [57] | Inferior alveolar nerve block, rubber dam placement

A22 [58] | Short invasive dental treatment (vital pulp therapy)

In this systematic review, different models and brands of VR glasses were observed.
Only 5 of the 22 articles included did not present any specifications on the VR device used
[38, 51, 52, 55, 56], which prevents data comparisons, based on the devices” specifications,

based on size, weight, comfort or safety indications.

Results Summary
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The majority of studies compared the usage of VR, with an alternative technique,
during a dental procedure or initial consultation, peri-operatively, except one [38] where the
control group included pre-operative exposure to a dental simulation game.

In this systematic review, the primary outcomes were anxiety and pain management in
a paediatric dental consultation. In the selected studies, several scales were used for
preliminary behaviour assessment and anxiety and pain evaluation, during the appointment.
It was observed that anxiety was the most investigated aspect, 16 papers [37-40, 43, 45-50,
52, 54-56, 58], while the perception of pain was addressed in 12 papers [39-42, 44, 48-51,
53, 54, 57, 58]. Scales for anxiety and pain measurement depend on the child’s age and
development, hence the variety encountered in the reported studies, as there was a wide
age range of participants, from pre-schoolers to pre-teenagers. The referred anxiety scales
were CPMAS, MCDAS, MCDAS(f)-r, FIS, VPT and the described pain scales were WBFS,
VAS, FLACC, MBPS (Table 5). Some studies also included objective physiological
parameters, such as salivary cortisol [39, 58], pulse oximeter [45, 48, 54] and pulse rate [46,
49, 50, 52, 54-56]. In a small number of studies, there were also evaluated other

parameters, such as fear [41, 44] and cybersickness, nausea and fun [53].

Table 5: Measurement scales and protocols
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Study ID

Measurement Scales and Potocols

A1[37]

Anxiety: The Children's Perioperative Multidimensional Anxiety Scale (CPMAS)

A2 [38]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Anxiety: Modified Child Dental Anxiety Scale (MCDAS)
Facial Image Scale (FIS)

A3[39]

Behaviour: Screen for Child Anxiety Related Emotional Disorders (SCARED)

Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Salivary cortisol levels

Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A4 [40]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Anxiety: Modified Child Dental Anxiety Scale (MCDAS)
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

Visual Analogue Scale (VAS)

A5 [41]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Fear: Children's Fear Survey Schedule-Dental Subscale (CFSS-DS)

A6 [42]

Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Face, Legs, Activity, Cry, Consolability (FLACC) scale
Visual Analogue Scale (VAS)

AT [43]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Anxiety: Facial Image Scale (FIS)

A8 [44]

Behaviour: Houpt Scale

Pain: Wong Baker Faces Pain Rating Scale (WBFS)

Fear: Children’s Fear Survey Schedule-Dental Subscale (CFSS-DS)
Cybersickness: Simulator sickness questionnaire (SSQ)

A9 [45]

Anxiety: Venham picture test (VPT)
Pulse oximeter

A10 [46]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Houpt Scale
Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Pulse rate

A1 [47]

Anxiety: Facial Image Scale (FIS)

A12 [48]

Behaviour: Behaviour assessment scale
Anxiety: Pulse oximeter
Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Face, Legs, Activity, Cry, Consolability (FLACC) scale

A13 [49]

Behaviour: Behaviour assessment scale
Anxiety: Pulse rate
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A14[50]

Behaviour: Frankl's behaviour rating scale
Anxiety: Pulse rate
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A15[51]

Behaviour: Frankl's behaviour rating scale (Patients' selection)
Pain: Face, Legs, Activity, Cry, Consolability (FLACC) scale

A16 [52]

Anxiety: Pulse rate

A17 [53]

Pain, quality of the VR experience, nausea and fun: 0—10 graphic rating scale (Italian scale)

A18 [54]

Anxiety: Modified Child Dental Anxiety Scale [MCDAS(f)-r] Faces version
Pulse oximeter and heart rate
Pain: Wong Baker Faces Pain Rating Scale (WBFS)

A19 [55]

Anxiety: Pulse rate
Facial Image Scale (FIS)

A20 [56]

Anxiety: Facial Image Scale (FIS)
Pulse rate and oxygen saturation

A21[57]

Pain: Wong Baker Faces Pain Rating Scale (WBFS)
Modified Behavioural Pain Scale (MBPS)

A22 [58]

Anxiety: Salivary cortisol levels
Pain: Wong Baker Faces Pain Rating Scale (WBFS)
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Overall, the benefit of VR in controlling anxiety and pain was significantly consistent in
the included studies, comparing to the corresponding control group, with the exception of the
studies by Alshatrat et al [42], Aditya et al [45], Felenbam et al [48], Al-Halabi [49] and
Zaidman et al [57]. In study, VR had a similar effect to screen distraction on heart-rate levels
and pain during buccal infiltration anaesthesia.

Oziikog et al found that children with MIH-affected teeth who are distracted from dental
procedures using 3D VR games experienced less dental anxiety (p<0.05) [37]. Concerning
short time appointments, Shetty et al, Ran et al and Kaswindiarti et al., showed a significant
reduction in pain, anxiety [39, 41, 58], salivary cortisol (p<0.001) [39, 58] and a shorter
treatment time [41]. Regarding delivery of intraoral anaesthesia, MCDAS, VAS and WBFRS
improved in the immersive VR group [40]. Others presented similar results [38, 44, 46, 49-
51, 53, 56].

High levels of satisfaction from children who experienced treatment with 3D video
glasses were observed in the study by Nuvvula et al [46] and increased fun during dental

procedures was reported by the participant children in the study of Atzori et al [53].

DISCUSSION

This systematic review focus on comparing the use of VR with conventional non-
pharmacological behavioural management techniques in paediatric dental consultations. The
selected articles cover various dental procedures such as dental examination, restorations,
pulp treatment and anaesthesia. VR was used perioperatively, behaviour, anxiety and pain
scales were used to determine efficacy and patient satisfaction. There is strong evidence of
the success of VR as a behaviour management tool, in the paediatric dental setting, which is
some instances rates superior to conventional behaviour management techniques.

The studies included in this review examined different behavioural control techniques in

paediatric dentistry. Conventional techniques were used as a control group in all studies.
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Some studies used only VR as a test group, while others using a combination of VR with
additional techniques like audio, digital screens, and smartphone games. Interestingly, none
of the studies demonstrated that traditional techniques were more effective than the tested
techniques in reducing anxiety and pain perception. This can be attributed to VR's ability to
divert patients' attention to a pleasant virtual environment, thereby reducing physical pain.

Three studies A12[48], A13[49] and A15[51] compared the use of digital flat panel
devices with VR devices as methods of distraction during local anaesthesia administration.
One study A15[51] found VR devices to be more effective in reducing pain perception
compared to other groups. However, two other studies A12[48] and A13[49] concluded that
tablets provided greater relief from anxiety and pain during anaesthesia. It's important to
consider variables that influence children's experiences during dental procedures, such as the
type of anaesthesia and the technology (tablet or smartphone) they are familiar with.

Three studies conducted in India A10[46], A19[55] and A20[56] compared the use of VR
and audio. Results showed that both audio and VR distraction were effective in reducing
anxiety, compared to the conventional "Tell-Show-Do" technique. However, VR proved to be
more effective in reducing anxiety and pain perception. While music distraction in the dental
environment is widely adopted, VR presents itself as a viable alternative. Only one study
A19[55] included smartphone games alongside VR. It suggested that VR and smartphone
gaming were the most effective distraction techniques for managing negative behaviour in
paediatric dental patients. When comparing the effectiveness of these techniques, VR
distraction was found to be more effective than smartphone game distraction. The VR provided
simultaneously an immersive and interactive experience, which is likely to have contributed to
its greater effectiveness.

One study A4[40] compared the effect of immersive and non-immersive VR on pain
perception during intraoral injections. Both distraction methods were effective in reducing pain
perception, with immersive VR slightly more effective. However, the study had limitations such

as a small sample size and limited assessment of pain immediately after the injection. Further
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research is needed to assess the impact of VR distraction in different time points and in a
larger sample.

While VR glasses can improve patient cooperation, other factors need to be addressed,
such as costs, communication issues, dentists’ perceptions. Some top range VR appliances
are expensive; however, prices have become more accessible. VR can also interfere with
communication between the dentist and patient during complex procedures, potentially
impairing diagnosis and treatment. Vision blockage and absence of caregivers in the visual
field can increase children's anxiety.[58] However, one study A17[53] reported a positive
experience of dentists who used VR, feeling more relaxed and focused on their work.
Communication with patients was not affected, despite the use of headsets. These issues
need to be considered when evaluating the use of VR in dentistry.

The increasing use of VR headsets raises health concerns. Prolonged use can lead to
eyestrain, dry eyes, vision problems, migraines, dizziness, and motion sickness and risk of
photosensitive epilepsy. Responsible use of VR headsets is critical to ensure patients' well-
being.[59,60]

The appropriate age for using digital equipment, including smartphones and tablets, is
debated, and virtual reality (VR) requires further studies, particularly evaluating its long-term
effects and across different age groups.[5,61] Immersive media hardware companies have
established safety recommendations, with Sony Interactive Entertainment[62], Oculus[63],
PlayStation[64], and Samsung[65] stating that their products are not recommended for
children under 12 or 13 years old. LG[66] sets the highest age limit at 15, while HTC[67],
examined in study A5[41], has the lowest limit of 4 years without a "safe mode." All articles in
this systematic review used VR glasses in children below the manufacturers'
recommendations, except for studies without specified equipment brands.

To mitigate adverse effects, researchers have explored strategies such as oculomotor
exercises before using VR glasses, which have shown effectiveness in reducing
cybersickness and associated symptoms.[68] Taking breaks during VR use is also

recommended to prevent digital eye strain, with suggestions including a 20-second break
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every 20 minutes or breaks every 15 minutes as recommended by the UK Department for
Business Energy and Industrial Strategy in 2020.[69] However, reviewed studies did not
include a specific protocol for preventing eye injuries related to VR glasses.

Assessing cybersickness is crucial as it can cause discomfort and symptoms like
nausea, dizziness, headache, eyestrain, and general discomfort. It significantly impacts the
user experience and may limit the effectiveness of VR applications.[59] However, among the
selected articles, only one A8[44] evaluated cybersickness.

The cost of 3D immersion devices varies based on the type of glasses chosen.
Cardboard glasses, the most economical option, use the smartphone screen for
display.[70,71] High-end glasses offer better immersion quality, have their own software and
hardware, but still utilize the smartphone as a screen.[9] Gaming glasses are the most
expensive, and required a computer connection. They are primarily sought after by
professional players for superior performance but acquiring them for a dental appointment
may not be justified.[72,73] Overall, VR appears to be a viable alternative to pharmacological
behaviour methods, such as conscious sedation or general anaesthesia, which carry
associated costs and health risks. By utilizing VR, the need for these pharmacological

interventions can potentially be reduced and in certain circumstances eliminated.[22,33]

Finally, in this systematic review, the quality of the evidence is good. However, the
review is limited by the diverse range of pain and anxiety scales used in the included studies,
making direct comparisons challenging. Future research should consider conducting
qualitative studies to explore patient-reported outcomes and investigate the long-term effects

of VR on anxiety and pain.

CONCLUSION
This systematic review has showed that virtual reality technology during dental treatment

is an effective tool for reducing anxiety and pain in children, when compared to conventional
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behavioural management techniques. By creating an engaging and immersive experience, VR
successfully shifts the patients' focus away from the clinical environment, resulting in a more
positive and enjoyable treatment experience. Therefore, it is crucial that dental professionals
become familiar with VR as a valuable tool in the management of paediatric patients. Further
research is required to determine the sustained benefits of VR and its integration into routine

clinical practice.
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Annex 1: Modified Newcastle-Ottawa scale (NOS): Randomised Control Trial

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE: RANDOMIZED CONTROLLED TRIAL

Note: A study can be moarded a maximum of one star (°) for eaclh numbered item within the Selection and Exposure
categaries, A maximum of twe stars can be given for Comparability.

Selection

1) Is the case definition adequate?
a) yes, with independent validation *
b} yes, e.g., record linkage or based on self reports
€] nodescription
2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b} potential for selection biases or not stated
3) Selection of Controls
a) community controls *
b} hospital controls
¢} nodescription
4) Definition of Controls
a) o history of disease (endpoint) *
b) nodescription of source

Comparability
1) Comparability of cases and controls on the basis of the design or analysis
a) study controls for (Select the most important factor.) *

b)  study controls for any additional factor * (This criteria could be modified to indicate specific
control for a second important factor.)

Exposure

1) Ascertainment of exposure
a) secure record (eg surgical records) *
b} structured interview where blind to case/control status *
¢} inferview not blinded to case/control status
d) written self report or medical record only
e} nodescription
2) Same method of ascertainment for cases and controls
a) yes*
b} no
3) Non-Response rate
a) same rate for both groups *
b} non respondents described
¢) rate different and no designation
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Annex 2: Risk of bias of included studies

Total score
Article Selection Comparability Exposure Risk of Bias
<6 = high 7- 8 = moderate > 9 = low
Al . X . 7
A2 . * ot 7
A3 . " - 8
Ad . . . 7
A5 . R . 7
A6 . " - 5
A7 ok R . 6
A8 5 R o 6
AQ . * - 6
A10 hk x . 8
A1 . R - 6
A12 - " - 7
A13 . N xak 9
A14 . N . 8
A15 hw " - 7
A16 - * . 6
A17 . R o 6
A18 . + xak 9
A190 . = ek 8
A20 rn R e g
A1 Frv ¥ P 7
232 Free T P 3
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