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RESUMO

A estereognose oral (EO) assume importante papel na reabilitacdo oral de pacientes parcial
e/ou totalmente desdentados, pois influencia a adaptacao dos mesmos as novas proéteses.
Devido a caracteristica essencialmente tatil da percepg¢do sensorial oral, a lingua parece
desempenhar importante fungéo sobre a EO. Entretanto, existem controvérsias em relacéao
ao papel do palato, e pouco se sabe sobre a influéncia das altera¢des da superficie da lingua
sobre a EO e funcdo gustativa. Desta forma, este trabalho teve por objetivo (7) revisar
sistematicamente a influéncia do recobrimento palatino, por meio de préteses ou dispositivos
palatinos, sobre a EO (Artigo 1); e (2) avaliar por meio de estudo clinico a influéncia das
alteragbes de normalidade de lingua e recobrimento palatino sobre a EO e fungéo gustativa
de individuos dentados (Artigo 2). A revisao sistematica foi conduzida por meio de buscas nas
bases de dados MEDLINE via PubMed, Scopus, Web of Sciences, Embase, Cochrane Library,
e LILACS (Latin American and Caribbean Health Sciences Literature database) via Virtual
Health Library, e literatura cinzenta via Google Scholar e Open Grey, nas quais a estratégia
PICO foi utilizada para a formulagdo da pergunta foco, sendo P = pacientes dentados ou
desdentados; | = recobrimento palatino por meio de préteses totais ou dispositivos palatinos;
C = individuos sem nenhum tipo de recobrimento palatino; e O = EO. Para o estudo clinico
foram selecionados 70 voluntarios dentados (média de 30,71 £ 6,7 anos de idade), que foram
divididos em 2 grupos: (1) voluntarios diagnosticados com glossite migratéria benigna, lingua
fissurada e/ou pilosa (experimental, n = 35), e (2) voluntarios sem qualquer alteracao de
superficie da lingua (controle, n = 35). Logo apéds a selecao, os individuos foram avaliados
quanto a EO e funcao gustativa. O teste de EO envolveu a identificagao intraoral de 6 formas
geomeétricas confeccionadas em cenoura crua e agrupadas de acordo com a sua similaridade:
(1) quadrado e retangulo; (2) circulo e elipse; e (3) tridangulo e semicirculo. O tempo de
resposta ao teste de EO, em segundos, foi registrado. A fungao gustativa foi avaliada por meio
de solugdes saborizadas (doce, salgado, azedo e amargo). Em seguida, dispositivos palatinos
com recobrimento total do palato foram instalados em todos os voluntarios, sendo a EO e
funcao gustativa imediatamente reavaliadas. Os dados relativos as altera¢des de normalidade
de lingua foram submetidos ao teste Mann-Whitney, e aqueles relativos ao recobrimento
palatino foram analisados por teste Wilcoxon. Na revisdo sistematica ndo foram observadas
diferencas na EO imediatamente apds a instalacdo de préteses e dispositivos palatinos.
Entretanto, a média de EO aumentou um més ou mais apos a instalagéao de préteses quando
comparado as avaliagdes iniciais. No estudo clinico, ndo se observou diferenga na EO e
funcao gustativa entre os grupos experimental e controle, com ou sem recobrimento palatino
(p>0,05). Entretanto, apdés o recobrimento palatino os individuos com alteracées de

normalidade de lingua apresentaram maior tempo para realizar a identificacdo das formas



(p<0,05). Concluiu-se que a EO nao ¢ afetada pelo recobrimento palatino e melhora apés a
adaptacdo dos pacientes as proteses. As alteracdes de normalidade de lingua ou
recobrimento palatino ndo influenciam a EO e funcao gustativa. O tempo de resposta ao teste
de EO foi maior em individuos com alteracdo de normalidade de lingua ap6s o recobrimento

palatino.

Palavras-chave: Estereognose oral; Glossite migratéria benigna; Lingua fissurada; Lingua

pilosa; Alteracdes de normalidade de lingua; Palato.



ABSTRACT

Oral stereognosis (OS) plays an important role in the oral rehabilitation of partially and/or
edentulous patients, as it influences their adaptation to new prostheses. Due to the essentially
tactile characteristic of oral sensory perception, the tongue seems to play an important role in
OS. However, there are controversies regarding the role of the palate, and little is known about
the influence of tongue lesions on OS and gustatory function. Thus, this study aimed to (1)
systematically review the influence of palatal coverage, through prostheses or palatal devices,
on OS (Article 1); and (2) to evaluate, through a clinical study, the influence of tongue lesions
and palatal coverage on the OS and gustatory function of dentate individuals (Article 2). The
systematic review was conducted by searching the literatures bases MEDLINE via PubMed,
Scopus, Web of Sciences, Embase, Cochrane Library, and LILACS (Latin American and
Caribbean Health Sciences Literature database) via Virtual Health Library, and gray literature
via Google Scholar and Open Grey, in which the PICO strategy was used to formulate the
focus question, with P = dentate or edentulous patients; | = palatal coverage by means of
complete dentures or palatal devices; C = individuals without any type of palatalal coverage;
and O = OS. For the clinical study, 70 dentate volunteers (mean age 30.71 £ 6.7 years) were
selected and divided into 2 groups: (1) volunteers with benign migratory glossitis, fissured
and/or hairy tongue (experimental, n = 35), and (2) volunteers without any alteration of the
surface of the tongue (control, n = 35). Soon after selection, subjects were evaluated for OS
and gustatory function. The OS test involved the intraoral identification of 6 geometric shapes
made from raw carrots and grouped according to their similarity: (1) square and rectangle; (2)
circle and ellipse; and (3) triangle and semi-circle. The response time to the OS test, in
seconds, was recorded. The gustatory function was evaluated through the use of flavored
solutions (sweet, salty, sour and bitter). After, palatal devices with full coverage of the palate
were installed in all volunteers, being the OS and gustatory function immediately reassessed.
Data related to tongue lesions were submitted to the Mann-Whitney test, and those related to
palatal coverage were analyzed using the Wilcoxon test. In the systematic review, no
differences were observed in OS immediately after the installation of prostheses and palatal
devices. However, the OS mean increased one month or more after denture placement when
compared to baseline assessments. In the clinical study, there was no difference in OS and
gustatory function between the experimental and control groups, with or without palatal
coverage (p>0.05). However, after palatal coverage, individuals with tongue lesions presented
more time to identify shapes (p<0.05). It was concluded that OS is not affected by palatal
coverage and improves after patients adaption to dentures. Tongue lesions or palatal coverage
do not influence the OS and gustatory function. The response time to the OS test was longer
in individuals with tongue lesions after palatal coverage.



Key-words: Oral stereognosis; Benign migratory glossitis; Fissured tongue; Hairy tongue;
Tongue lesions; Palate.
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1 INTRODUCAO

A estereognose oral (EO) consiste na habilidade de reconhecer caracteristicas
como tamanho, textura e forma de diferentes objetos durante a mastigacéao, usando apenas
a percepcao sensorial oral (Fukutake et al., 2019), sem influéncia visual ou auditiva (Dalaya,
2014). Esta experiéncia sensitiva € decorrente de receptores presentes nos tecidos bucais, e
sua funcionalidade e intensidade de resposta depende da sua distribuicéo intraoral (Steele et
al., 2014; Snyder & Bartoshuk, 2016). Em sua maior parte, os receptores sensoriais
encontram-se na superficie da lingua (Suter et al., 2017; Bangi et al., 2019).

A lingua consiste de uma complexa rede tridimensional de fibras musculares
esqueléticas, envolvendo fibras intrinsecas e extrinsecas (Felton et al, 1985). Seu
revestimento externo é constituido por estruturas papilares, cuja fungao pode ser mecéanica
ou gustativa (Suter et al., 2017; Bangi et al., 2019). As papilas filiformes apresentam-se em
maior quantidade sobre o dorso da lingua, e sdo essencialmente responsaveis pela fungao
tatil e sensorial. Os sabores, relacionados a percepgao gustativa, podem ser identificados a
partir de papilas fungiformes, localizadas principalmente na extremidade anterior da lingua, e
circunvaladas, distribuidas sobre a regiao posterior da mesma. Por fim, sobre a porgéao lateral
da lingua encontram-se as papilas foliadas, as quais desempenham tanto a funcao tatil quanto
gustativa (Snyder & Bartoshuk, 2016).

Além da fungdo gustativa, a lingua exerce importante papel sobre as funcdes
sensorial e mastigatéria (Bordoni et al., 2018). Devido a sua natureza muscular, a lingua
auxilia a movimentagao do bolo alimentar durante a mastigacao (Hori et al., 2006) e degluticao
(Kondoh et al., 2015). Para isso, 0s receptores sensoriais orais percebem as caracteristicas
fisicas dos alimentos e iniciam a coordenacéao das fungdes orais motoras, preparando o bolo
alimentar para degluticdo (Hirano et al., 2004). Uma vez que o alimento adquire particulas em
tamanho adequado para sua ingestao, informacdes do sistema sensorial oral sdo enviadas
ao sistema nervoso, impulsionando o bolo alimentar em direcao ao es6fago (Kieser et al.,
2014). Desta forma, pode-se sugerir que 0s receptores sensoriais presentes na superficie da
lingua atuem como componente chave na EO durante a mastigacdo e degluticdo dos
diferentes tipos de alimentos. Em que pese a importancia da EO sobre a fungao mastigatoria
(Hirano et al., 2004; Fuijii et al., 2011; Steele et al., 2014) poucos sao os relatos na literatura
sobre a papel da lingua nesta atividade sensorial.

A lingua, entretanto, pode apresentar alteracdes no padrdo das estruturas
papilares, chamadas alteracdes de normalidade da lingua. As alterages de normalidade da
lingua mais prevalentes na populagdo adulta sdo glossite migratéria benigna (lingua
geogréfica), lingua fissurada e lingua pilosa (Zanata et al., 2014; Toum et al., 2018), sendo
gue as duas primeiras podem aparecer em conjunto em muitos pacientes (Scariot et al., 2017;
Al Qahtami et al., 2019). A glossite migratéria benigna caracteriza-se por areas desnudas
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migratoérias de diferentes formatos no dorso de lingua (Goswami et al., 2012; Honamand et
al., 2013), representada pela perda de papilas filiformes (Dafar et al., 2016; Scariot et al.,
2017). A lingua fissurada é determinada por alteragao papilar devido a presenca de sulcos e
fissuras, tanto no dorso como na regido lateral da lingua (Goswami et al., 2012; Honamand et
al., 2013). Por outro lado, o crescimento incomum de papilas filiformes nos dois tergos
anteriores da lingua e o aumento expressivo da producao de queratina esta relacionada ao
tabagismo, caracterizando a lingua pilosa (Mangold et al., 2016; Mainville, 2019). Uma vez
que existem mudangas nas estruturas papilares, pode-se supor que as alteragcbes de
normalidade descritas poderiam ser também capazes de alterar os receptores sensoriais e
gustativos, influenciando assim a EO e a percepg¢ao gustativa nestes individuos. Nao existem,
entretanto, estudos que relacionam a fungao sensorial oral a alteragées de normalidade de
lingua.

Sabe-se que a EO é inversamente proporcional a idade (Grasso & Catalanatto,
1979; Dalaya, 2014; Bangcuyo et al, 2017), uma vez que a acuidade motora para
manipulacado intraoral dos objetos € menor em individuos idosos (Park et al., 2017). Além
disso, a perda dentéria reduz a EO, em decorréncia da perda da propriocepcao do ligamento
periodontal (Litvak et al., 1971; Fukutake et al., 2019). Deste modo, a funcao sensorial oral
assume importante papel quando da reabilitagdo oral de pacientes total ou parcialmente
desdentados (Gnanasambandam et al, 2019), pois pacientes que apresentam maior
sensibilidade ao teste de EO, ou seja, maiores pontuagdes, podem apresentar dificuldades de
adaptacao quando da instalacdo de novas préteses (Gnanasambandam et al., 2019).

A utilizacdo de proteses totais (PTs) altera a resposta sensorial do paciente
(Gnanasambandam et al., 2019), e estudos sobre o efeito do recobrimento do palato sobre a
EO demonstram resultados diametralmente opostos, expondo acentuada controvérsia sobre
o tema. Segundo alguns autores, o recobrimento do palato ndo influencia a percepcgao
sensorial oral (Grasso & Catalanatto, 1979; Kumamoto et al., 2010; Meenakshi et al., 2014),
pois as papilas presentes no dorso de lingua seriam as principais mediadoras da fungao
sensorial (Dalaya et al., 2014). No entanto, outros estudos revelam redugéo da EO frente ao
recobrimento do palato (Kaiba et al., 2006; Ikbal et al., 2017), devido a possivel restricao do
movimento lingual imposta pelo recobrimento palatino, e alteragdo do feedback tatil de
receptores presentes na superficie da lingua (Kaiba et al., 2006; Steele et al., 2014; Massarelli
et al,, 2017). Considerando que a EO é essencial para o bom funcionamento do sistema
estomatognatico (Gnanasambandam et al., 2019), a influéncia do recobrimento palatino sobre
a EO podera ser utilizada para aumentar a previsibilidade do resultado do tratamento
protetico.

A EO ¢ avaliada por meio do reconhecimento oral de pecas de seis diferentes
formas geométricas agrupadas de acordo com a sua similaridade: (1) quadrado e retangulo;
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(2) circulo e elipse; e (3) triangulo e semi-circulo, confeccionadas em resina acrilica
(Kumamoto et al., 2010; Fukutake et al., 2019) ou alimentos naturais, como cenoura crua
(Hirano et al., 2004; Meenakshi et al., 2014), e ainda podem ter dimensdes aproximadas de 8
X 8 x 2mm, obtidas a partir de cortes feitos com matrizes metalicas. Cada peca é
aleatoriamente colocada sobre o dorso da lingua e, apds a identificacdo da sua forma, o
individuo seleciona em um quadro com a representacao grafica de todas as formas qual € a
forma geométrica correspondente aquela peca que esta em sua lingua (Hirano et al., 2004).

A funcdo gustativa por sua vez também pode ser influenciada por diferentes
fatores. Alteragdes sistémicas como liquen plano e fibrose oral, caracterizadas pela presencga
de tecido queratinizado e lesdes ulcerativas na mucosa oral levam a redugao da percepgao
gustativa (Suter et al., 2017; Bangi et al., 2019). Existem ainda relatos na literatura de que o
sexo feminino apresenta melhor funcdo gustativa quando comparado ao masculino,
basicamente devido a flutuacbes hormonais (Yoshinaka et al., 2007) relacionadas ao
estrogénio, que afetam a fisiologia de todo o corpo, inclusive da cavidade oral, acarretando
em alteragcoes de paladar e olfato (Yucel et al, 2002). Em adigéo, diferentes niveis de
estrogénio parecem estar relacionados as mudangas morfolégicas nas papilas circunvaladas,
0 que parece justificar as alteracbes na fungdo gustativa feminina durante mudancas
hormonais (Yucel et al., 2002), porém estudos ainda estdo sendo desenvolvidos. Do mesmo
modo, fatores externos como tabagismo e tratamento radioterapico, cujas consequéncias em
comum sao reducdo do fluxo salivar e inflamacdo dos tecidos bucais, acometem
negativamente a percepcdo de sabores (Bangi et al, 2019). Entretanto, o efeito do
recobrimento do palato sobre a percepcdo gustativa também apresenta resultados
contraditérios. Segundo alguns autores, a presenca de PTs néo influencia a fungéo gustativa,
uma vez que a lingua exerceria papel fundamental sobre o paladar (Ghaffari et al., 2009; Suter
et al., 2021). No entanto, outro estudo relata reducdo da percepcdo gustativa frente ao
recobrimento do palato, sendo que este resultado pode estar associado tanto a cobertura dos
receptores presentes nos tecidos orais, bem como a redugéo da fung¢do gustativa devido a
idade (Yoshinaka et al., 2007). Apesar dos estudos anteriores referentes a fungao gustativa,
nao existem relatos na literatura que associam a percepcdo gustativa a alteragbes de
normalidade de lingua. Além disso, a influéncia do recobrimento do palato sobre a mesma
ainda é controversa.

Com base no que foi apresentado, o objetivo deste estudo foi verificar se
alteragbes de normalidade da lingua podem influenciar a EO e a fungcdo gustativa em

individuos com e sem recobrimento do palato.
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2 ARTIGOS

Este trabalho foi realizado no formato alternativo, conforme a Informagéo
CCPG/001/2015, da Comissao Central de P6s-Graduacao (CCPG) da Universidade Estadual
de Campinas.

O artigo 2.1, intitulado “Palatal coverage and oral stereognosis: A systematic
review and meta-analysis”, foi submetido a publicagdo no periédico Journal of Prosthetic
Dentistry.

O artigo 2.2, intitulado “Potential effects of tongue lesions and palatal coverage on
oral sensory functions”, foi submetido a publicagéo no peridédico Special Care in Dentistry.
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2.1 Artigo: Palatal coverage and oral stereognosis: A systematic review and meta-

analysis*

SYSTEMATIC REVIEW

Palatal coverage and oral stereognosis: a systematic review and meta-analysis

ABSTRACT

Statement of problem: Complete denture wearers present reduced sensory function
compared to dentate patients due to the loss of periodontal receptors. However, the role of
the palatal receptors on such function is still controversial.

Purpose: This review evaluated the influence of palatal coverage associated with complete
dentures, or palatal devices, on oral stereognosis in edentulous or dentate adults.

Material and Methods: Eight major literature databases and the non-peer-reviewed
literature were searched up to December of 2021. Randomized clinical trials and non-
randomized clinical trials comparing oral stereognosis in edentulous or dentate participants
using conventional complete dentures or implant-supported prostheses, or those using
palatal devices, were included. Bias was assessed with Cochrane tools (ROBINS-I and RoB
2.0). Meta-analyses were conducted to compare oral stereognosis before versus after palatal
coverage (P=.05). Certainty of the evidence was verified by the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach.
Results: Of 14 included studies, the risk of bias was considered low for 9 studies and
moderate for 5 studies. Despite the very low certainty of evidence, meta-analyses showed no
differences on oral stereognosis immediately after complete denture insertion [standardized
mean difference (SMD)=0.302; 95% confidence interval (Cl): -0.124, 0.728; P=.165;
12=92.4%]. OS scores improved after=1 month of complete denture use compared to initial
evaluations without them. Qualitative analysis indicated that OS was not influenced by
palatal coverage shortly after complete denture installation and that OS scores improved

after prosthesis use over time.



Conclusions: OS improves with use of a palate-covering prosthesis over time. However,

due the very low certainty of evidence, such statement must be cautionary interpreted.
CLINICAL IMPLICATIONS
This review shows that oral stereognosis skills improve with experience after denture

installation, which is relevant for predictability of the rehabilitation process.

Keywords: Denture; palatal device; stereognosis; palatal coverage.
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INTRODUCTION

Oral stereognosis (OS) is the ability to identify and distinguish objects in the oral cavity by
way of sensory information perceived via mucosal membranous tissues.'2 OS could
potentially involve stimulation of the great number of tactile receptors associated with the
teeth, tongue, lips, and palate together with the application of motor actions.®® People can
use OS to identify objects based on memories from previous visual and tactile
experiences.>®

In dentate patients, OS is largely dependent on proprioception from the periodontal
ligaments.® As a result of tooth loss, edentulous people do not have periodontal receptors
and therefore have reduced oral sensory function relative to individuals with natural teeth.*”
In addition, palatal coverage with dental prostheses may affect OS, particularly in patients
who wear conventional complete dentures,? though the data in the literature related to this
possibility have been inconsistent.

The effect of palatal coverage on OS demonstrates opposite results, exposing a
controversy on the subject. Some studies indicate that the palate area is not an effective
mediator of OS and suggest that the tongue is the main structure responsible for 0S.%0 It
has even been suggested that patients treated with a maxillary complete denture prosthesis
may present better OS owing to the prosthesis acting as a rigid surface against which the
tongue can apply pressure during object examination.® In contrast, it has been suggested
that palatal coverage may affect OS®'" due to altered palatal receptor feedback® or overall
changes in the oral environment.""'®* Notwithstanding, implant insertion has been shown to
increase oral awareness in complete denture wearers®'* owing to better prosthesis retention
and stability.®

The aim of this systematic review was to assess whether palate coverage influences
OS. The focus question to be answered was: Does palatal coverage influence OS in dentate

or edentulous patients?

MATERIAL AND METHODS
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This systematic review protocol was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) database (number CRD42021225332) and followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement guidelines.'® This study was developed in accordance with the PICO
(patient/population/problem-intervention-comparison-outcome) model as follows: P, dentate
or edentulous patients; I, full palatal coverage with dentures or palatal device; C, comparison
of OS with versus without any type of palatal coverage; and O, OS measure. Randomized
clinical trials (RCTs) and non-randomized clinical trials (N-RCTs) evaluating palatal coverage
effects on OS were included. Studies that did not compare OS before versus after coverage
or mention denture type, and those using orthodontic devices or prostheses without a total
palatal coverage were excluded. Case reports, review articles, conference abstracts, experts’
opinions, and studies presenting incomplete data were also excluded.

This review identified and included studies through the following electronic databases:
MEDLINE via PubMed, Scopus, Web of Sciences, Embase, Cochrane Library, and LILACS
(Latin American and Caribbean Health Sciences Literature database) via Virtual Health
Library. A manual search was performed on references of included primary studies to identify
potentially eligible studies not collated in the electronic database searches. The literature
was searched in January 2021 and alerts were received from the databases until December
2021. Additionally, the grey literature was explored via Google Scholar and Open Grey.
Finally, articles not available online, such as in press article, were obtained by contacting the
authors by email (3 attempts). No restrictions on language, publication date, or follow-up
period were imposed. An expert librarian guided the search strategy and provided search
advise for each database (Table 1). References from database searches were exported into
the Rayyan Intelligent Systematic Review platform (Rayyan Systems Inc.),'® which was used
for duplicate article removal and as a reference manager.

The initial study selection was performed independently by 2 researchers based on
tittes and abstracts. If the title and/or abstract did not provide sufficient information, or if an

abstract was not available, articles were downloaded and analyzed in full to decide on their
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eligibility. When additional data were needed, authors were contacted by email (3 attempts)
to clarify any doubts related to eligibility. Subsequently, full-text articles were acquired, and 2
reviewers classified those who met inclusion criteria. Disagreements between reviewers in
both phases were solved by discussion, and persistent conflicts were resolved with the study
coordinator.

The following details were extracted from eligible studies using customized extraction
forms: author(s), year of publication and country; study design; information about
participants, including sample size and characteristics, such as age, gender, and dental
arches condition; types of palatal coverage, such as complete dentures or palatal devices
with full palatal coverage; OS test methodology, including material type, shape/form,
evaluation times, and statistical analysis; results, with focus on palatal coverage influence or
not on OS data; and conclusion. When additional data were needed, the authors were
contacted by email for clarification (5 attempts to each author).

Two examiners evaluated the methodological quality of the included studies with
Cochrane tools. Risk of bias in N-RTCs was evaluated with the Risk Of Bias In Non-
randomized Studies (ROBINS-1) method,!” which rates bias according to 7 domains:
confounding factors; participant selection; intervention classification; deviations from
intended interventions; incomplete outcomes; outcome measure(s); and selection bias of
reported outcomes. Each domain was graded as low, moderate, serious, or critical risk of
bias, or insufficient information. To be considered as a low risk, the study must have low risk
grades in all domains. If at least 1 domain was judged to have moderate, serious or critical
bias risk, the study was considered to have a moderate, serious or critical bias risk,
respectively.

RCTs were evaluated with the revised version of the Cochrane Randomized Bias
Risk Assessment Tool (RoB 2.0),"® which assesses bias in 5 domains: randomization
process; deviations from intended interventions; incomplete outcomes; outcome measures;
and selection bias of reported outcomes. Each domain was graded as high risk of bias, some

concerns, or a low risk of bias based on an established checklist of possible answers. For a
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study to be considered low risk, it was required to have low risk grades in all domains.
Studies with any combination of low risk of bias and some concerns were classified as
having some concerns. If at least 1 domain was judged to have serious or critical bias risk,
the study was considered to have a serious or critical bias risk, respectively.

The sample characteristics, type of palatal coverage, methods, and periods of OS
assessment were evaluated to determine methodological heterogeneity across the studies.
Because there were inter-study variations regarding the scales and methods for measuring
OS, standardized mean difference (SMD) was chosen as the effect measure. Random-
effects meta-analyses were performed to estimate OS score differences and corresponding
95% confidence intervals (Cls) between groups with and without palatal coverage (before-
and-after comparisons). Since data from dependent groups were compared, an intra-
participant correlation coefficient of 0.5 was assumed'®. Subgroup analysis was conducted
to test a possible influence of the period of evaluation on OS. Sensitivity analysis was
performed to assess the robustness of the results. I2 index value was calculated to assess
statistical heterogeneity. All estimates were made in Comprehensive Meta-analysis 2.0
(Biostat, Englewood, NJ). A 5% significance level was applied. The certainty of evidence was
determined with the Grading of Recommendations Assessment, Development, and

Evaluation (GRADE) approach.®2!

RESULTS

A flow diagram developed according to PRISMA guidelines is shown in Figure 1.22 Briefly,
the initial search identified 255 references; 101 duplicates were removed, leaving 154
potentially eligible studies. Title and abstract screening based on the above eligibility criteria
excluded 122 records. Thus, 32 studies were selected for full-text reading, of which 18 were
excluded. Specifically, 3 were excluded due to nonavailability of the full text after 3 author
contact attempts and 15 were excluded for not meeting the eligibility criteria (14 did not

compare OS before versus after denture insertion; and 1 did not disclose denture type).
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The characteristics of the included studies are summarized in Table 2. Their
publication years ranged from 1971 to 2020. The most common country of origin was
India."®142% Three studies were RCTs'%'124 and the remaining 11 were N-RCTs. 614232531
Altogether, the studies included 974 participants aged between 20 to 91 years, with a
majority being men (when gender was indicated). Type of palatal coverage was indicated in
all of the included articles. Participants with conventional complete dentures, a palatal device
manufactured for dentate volunteers, and implant-supported dentures were enrolled in 11
studies,!610.14.23.25-30 4 stydies, 242529 and 1 study,®! respectively. In all of the included
studies, OS was evaluated through intraoral form identification. Acrylic resin was the most
used material;!¢10242728 forms made of raw carrots, 2326 polyethylene,? plastic,®' and
metal'* were also used. Two studies did not mention the material used to perform the OS
test.2530 In most studies,®10:14.24-26.282931 QS was assessed once before and once after palatal
coverage. In 5 studies, there were multiple OS tests at different times, 30 minutes to 6
months after installation of palate covering.!!2327.30

Other variables besides palatal coverage that could influence OS results, such as
systemic diseases,®?” were considered in only 2 of the included studies. In a study with 2
clinical groups [stroke patients and Parkinson disease patients], Pow et al?” found that OS
performance depended on lingual motor function, with shapes being recognized through
manipulation.?” Gnanasambandam et al® examined whether OS would be disrupted in
diabetic participants, who have impaired oral sensory function.® In both studies, OS after
palatal coverage was not found to be influenced significantly by the presence of disease.®?’

Of 11 N-RCTs subjected to ROBINS-I analysis, 2 were found to have a moderate risk
of bias. Both were at risk of confounding factors due to carrying out volunteer selection
involving an evaluation of their characteristics. The remaining 9 articles were classified as
having a low risk of bias (Table 3). All 3 RCTs studies were classified as having some
concerns (Rob 2.0) due to randomization concerns, principally related to how participants

were distributed among study groups (Table 4).
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All 14 studies included in this review reported no OS difference before versus after
palatal coverage and suggested that the tongue was principally responsible for performing
08S.1610.11,14,22:30 |n most of the studies, OS was examined in edentulous patients with
complete dentures.’8142229 Three of the studies assessed OS in dentate patients fitted with a
full-palate-covering device made of acrylic resin''* or baseplate wax.?? Time with the
device/complete denture was considered as a factor in OS in 5 studies.’'"2327:30 Though
different time periods were considered, better OS performance was consistently associated
with greater time with the device/complete denture." 232730 No differences in OS were found
between healthy participants and patients with systemic diseases (stroke, Parkinson disease,
or diabetes), but OS scores were higher after complete denture insertion and use for all
participants.®?’

Six studies were not included in the quantitative synthesis'%'124252931 dye to
insufficient data. Of these, 4 did not report mean or standard deviation values, 1 did not
include pre-palate-coverage data, and 1 provided separate OS information (score and time)
by form shape used in the test, but did not report total OS scores. All 8 studies included in
the quantitative synthesis enrolled adult (including elderly) edentulous participants with and
without palatal coverage.'61423262830 Sypgroup analysis showed an influence of installation-
to-evaluation time interval (immediately after installation versus a month or more of use) on
OS performance (P=.002). Effect size estimates were calculated for each evaluation period
separately (Fig. 2). Because data on OS without palate coverage for the studies’-?#?° are the
same at both assessment periods, pooled estimates combining all datasets were not
performed, because this would have generated duplication of data for one of the groups.
Immediately after complete denture installation, OS scores did not differ between with- and
without-denture assessments (SMD=0.302; 95% ClI: -0.124, 0.728; P=.165; 1°=92.4%). OS
scores after=1 month of denture use were better than scores at the initial evaluation
(SMD=1.565; 95% Cl: 0.899, 2.232; P<.001; 1°>=85.9%). Excluding studies evaluating
individuals with systemic conditions (stroke, Parkinson disease, and diabetes)®2 did not alter

the direction or significance of the results (Fig. 3). Thus, these datasets were maintained in
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the analysis. The certainty of evidence was classified as very low for both syntheses
performed (Table 5). Risk of bias impacted certainty of evidence strongly because data from
N-RCTs studies were used. Furthermore, results were inconsistent across the synthesized
studies (I? values>75%). Finally, the estimates were imprecise due to the limited amount of

data available for analysis.

DISCUSSION

For the first time to the best of our knowledge, this systematic review examined the influence
of palatal coverage on OS under a variety of conditions, including in dentate individuals and
in participants using various types of oral rehabilitation. The qualitative analysis of the
present review revealed no differences in OS with versus without palatal coverage
immediately after coverage onset. Similarly, meta-analysis showed no differences in OS with
versus without palatal coverage in edentulous participants immediately after complete
denture insertion. However, a relationship between OS and time of palatal coverage was
found. After a month or more of using their dentures, participants exhibited better OS than
they had shown in baseline measurements without the use of dentures. OS in participants
with systemic diseases was not affected by palatal coverage.

OS requires motor activity to manipulate objects inside the oral cavity with
consequent interaction with tactile receptors in the oral mucosa.?® The oral cavity has
extraordinarily high sensory innervation, which is mediated via the trigeminal nerve.?* The
tongue has been described as the primary source of information used in 0S.2* Although
tactile receptors are present throughout the oral cavity, including in the palate, the majority of
tactile receptors are on the tongue surface.® The receptor-rich tongue may thus be sufficient
for shape recognition.'2 Moreover, it is possible that coverage of the palate with a complete
denture may actually facilitate OS if complete denture wearers use the covered palate as a
rigid support against which the tongue can manipulate objects.®

Regarding an influence of the timing of evaluation on OS, OS scores improved over

time, with better performance being observed after 1 month'"2 or 6 months' of use than
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immediately after prosthesis installation. These observations could be explained by a
learning effect, including repetition of the test,’'"?* which suggests that OS may be a skill
that can be trained. Mantecchini et al®® reported that there is typically a 1-3-month period of
adaption to new dentures. Such adaptation may lead to an improved ability to manipulate
objects compared to the edentulous scenario,2*2” and correct rehabilitation may thus be an
important factor in improving OS ability in edentulous patients.

Although characteristics of stroke (facial paralysis affecting the tongue and lower
face),?® diabetes (loss of tactile sensation and oral lesions),? and Parkinson disease (tremor
in the hands, lips and tongue) could potentially affect OS, all 3 patient groups were found to
develop better OS after complete denture insertion.®?” These findings suggest that OS may
not be sensitive to systemic and neurodegenerative diseases.®?” These findings might be
related to denture quality given that patients with these conditions require very well fitted
prostheses, especially diabetic patients with altered sensitivity from neuropathy and
microcirculatory disturbances.® Appropriate rehabilitation has been reported to be a factor
that improves motor function after complete denture insertion.® Given that OS depends on
movement of objects inside the mouth,? these data suggest that patients with the above
diseases have intact tactile function. Effective pharmacological control of motor impairments
associated with these conditions may contribute to better OS outcomes.?’

All 3 included RCTs were classified as having a moderate risk of bias'®'"2* due to
insufficient information being provided about the randomization process. Meanwhile, 9 N-
RCTs'6:14.23.25.26.28-30 were classified as having a low risk of bias and 2 N-RCTs?"3" were
found to have a moderate risk of bias, mainly due to problems related to participant selection.
It is important to point out that according to the Cochrane’s Handbook for Systematic
Reviews of Interventions,?! the meta-analysis can be performed with at least 2 studies, and
the data of the current investigation showed improvement of OS over time after denture
insertion. However, as the meta-analysis included few articles, and the certainty of evidence

from these articles was very low, the results of this review must be interpreted with care.
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The results of the current review report the influence of palatal coverage on OS of
dentate and edentulous participants, which may present different oral sensory perception,
due to proprioception via periodontal ligaments.®® However, to evaluate the influence of
palatal coverage in the OS of dentate individuals, the participants are instructed to
manipulate the forms between the tongue and palate, avoiding other sensory
receptors,>610.2830 35 the proprioception of periodontal ligaments.® Thus, dentate and
edentulous patients were included in this review.

It should be highlighted that the present review have included studies with
randomization process often not described, sample heterogeneity (varying age and
systematic disease status), and different methodologies to determine OS outcome, which
could figure as a limitation. In addition, the replacement of old prostheses by new ones, and
the comparison of OS between complete denture wearers and those who had never
previously worn a maxillary complete denture may influence OS results®. For this reason,
data should be interpreted with caution. Furthermore, intervention blinding was impossible.
Thus, future RCTs with a standardized methodology for assessing OS should be conducted
with full palatal coverage devices. Finally, to produce more reliable and comparable findings
and to allow stronger conclusions, the time of use of the prostheses should be collected and
OS should be compared across similarly aged individuals with and without systemic

conditions that are associated with motor complications.

CONCLUSION
Situated on the findings of this systematic review and meta-analysis, the following
conclusions were drawn:

1. OS is not influenced by palatal coverage when evaluated immediately after
prosthesis or palatal device installation.

2. OS improves with dental prostheses use over time.

However, due to the very low certainty of evidence, the present data must be carefully

interpreted.
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Table 1. Database search strategy (January to December 2021).

Data Base

Search strategy

PubMed

#1 "Dental Prosthesis"[MeSH Terms] OR Denture[MeSH Terms] OR
Dentures[MeSH Terms] OR "Denture, complete"[MeSH Terms] OR
"Denture, complete, immediate"[MeSH Terms] OR "Denture, complete,
lower"[MeSH Terms] OR "Denture, complete, upper"[MeSH Terms] OR
"Denture, partial"[MeSH Terms] OR "Denture, partial, removable"[MeSH
Terms] OR "Dental prosthesis, implant supported"[MeSH Terms] OR
"Denture, overlay"[MeSH Terms] OR "Dental Prosthesis"[Title/Abstract]
OR Denture[Title/Abstract] OR Dentures[Title/Abstract] OR "Denture,
complete"[Title/Abstract] OR "Denture, complete,
immediate"[Title/Abstract] OR "Denture, complete, lower"[Title/Abstract]
OR "Denture, complete, upper"[Title/Abstract] OR "Denture,
partial"[Title/Abstract] OR "Denture, partial, removable"[Title/Abstract]
OR "Dental prosthesis, implant supported"[Title/Abstract] OR "Denture,
overlay"[Title/Abstract] OR "Prosthesis, Dental"[Title/Abstract] OR
"Dental Prostheses"[Title/Abstract] OR "Prostheses, Dental"[Title/Abstract]
OR "Complete denture"[Title/Abstract] OR "Complete
dentures"[Title/Abstract] OR "Denture, complete"[Title/Abstract] OR
"Partial denture"[Title/Abstract] OR "Partial dentures"[Title/Abstract] OR
"Dentures, partial"[Title/Abstract] OR "Removable partial
denture"[Title/Abstract] OR "Denture, removable partial"[Title/Abstract]
OR "Dentures, removable partial"[Title/Abstract] OR "Partial denture,
removable"[Title/Abstract] OR "Partial dentures,
removable"[Title/Abstract] OR "Removable partial
dentures"[Title/Abstract] OR "Dental prosthesis, Implant
supported"[Title/Abstract] OR "Implant-supported dental
prosthesis"[Title/Abstract] OR "Dental prostheses, Implant-
supported"[Title/Abstract] OR "Implant supported dental
prosthesis"[Title/Abstract] OR "Implant-supported dental
prostheses"[Title/Abstract] OR "Prostheses, Implant-supported
dental’[Title/Abstract] OR "Prosthesis, Implant-supported
dental”[Title/Abstract] OR "Denture, Implant-supported”[Title/Abstract]
OR "Denture, Implant supported”[Title/Abstract] OR "Implant-supported
denture”[Title/Abstract] OR "Dentures, Implant-supported”[Title/Abstract]
OR "Implant supported denture”’[Title/Abstract] OR "Implant-supported
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dentures”[Title/Abstract] OR "Prosthesis dental, Implant-
supported”[Title/Abstract] OR "Dental, Implant-supported
prosthesis”[Title/Abstract] OR "Dentals, Implant-supported
prosthesis”[Title/Abstract] OR "Implant-supported prosthesis
dental’[Title/Abstract] OR "Implant-supported prosthesis
dentals”[Title/Abstract] OR "Prosthesis dental, Implant
supported”’[Title/Abstract] OR "Prosthesis dentals, Implant
supported”’[Title/Abstract] OR "Dentures, overlay"[Title/Abstract] OR
"Overlay Denture"[Title/Abstract] OR "Overlay Dentures"[Title/Abstract]
OR "Overdenture"[Title/Abstract] OR "Overdentures"[Title/Abstract] OR
"Denture wearer"[Title/Abstract] OR "Denture wearers"[Title/Abstract] OR
"Palatal device"[Title/Abstract] OR "Full palatal coverage"[Title/Abstract]
OR "Palatal coverage"[Title/Abstract] OR "Palatal plate"[Title/Abstract]

#2 Stereognosis[MeSH Terms] OR Stereognosis[Title/Abstract] OR
(Stereognoses| Title/Abstract] OR "Oral stereognosis"[Title/Abstract] OR
"Oral stereognostic ability"[Title/Abstract] OR "Oral stereognostic
test"[Title/Abstract] OR "Oral stereognostic proficiency"[Title/Abstract]
OR "Oral sensory function"[Title/Abstract] OR "Oral sensory
ability"[Title/Abstract] OR "Oral sensorimotor function"[Title/Abstract]
OR "Oral perception"[Title/Abstract] OR "Stereognosis
test"[Title/Abstract] OR “Oral tactile ability[Title/Abstract]

#1 AND #2

Scopus

#1 INDEXTERMS ({Dental Prosthesis} OR Denture

OR Dentures OR {Denture, complete} OR {Denture, complete,
immediate} OR {Denture, complete, lower} OR {Denture, complete,
upper} OR {Denture, partial} OR {Dental, partial,

removable} OR {Dental Prosthesis, Implant Supported} OR {Denture,
Overlay}) ) OR (TITLE-ABS-KEY ({Dental

Prosthesis} OR {Denture} OR {Dentures} OR {Denture,

complete} OR {Denture, complete, immediate} OR {Denture, complete,
lower} OR {Denture, complete, upper} OR {Denture,

partial} OR {Dental, partial, removable} OR {Dental Prosthesis, Implant
Supported} OR {Denture, Overlay} OR {Prosthesis, Dental} OR {Dental
Prostheses} OR {Prostheses, Dental} OR {Complete

denture} OR {Complete dentures} OR {Dentures,
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complete} OR {Dentures, Partial} OR {Partial Denture} OR {Partial
Dentures} OR {Removable Partial Denture} OR {Denture, Removable
Partial} OR {Dentures, Removable Partial} OR {Partial Denture,
Removable} OR {Partial Dentures, Removable} OR {Removable Partial
Dentures} OR {Dental Prosthesis, Implant Supported} OR {Implant-
Supported Dental Prosthesis} OR {Dental Prostheses, Implant-
Supported} OR {Implant Supported Dental Prosthesis} OR {Implant-
Supported Dental Prostheses} OR {Prostheses, Implant-Supported
Dental} OR ({Prosthesis, Implant-Supported Dental} OR {Denture,
Implant-Supported} OR {Denture, Implant Supported} OR {Implant-
Supported Denture} OR {Dentures, Implant-Supported} OR {Implant
Supported Denture} OR {Implant-Supported Dentures} OR {Prosthesis
Dental, Implant-Supported} OR {Dental, Implant-Supported

Prosthesis} OR {Dentals, Implant-Supported Prosthesis} OR {Implant-
Supported Prosthesis Dental} OR {Implant-Supported Prosthesis
Dentals} OR {Prosthesis Dental, Implant Supported} OR {Prosthesis
Dentals, Implant-Supported} OR {Dentures, Overlay} OR {Overlay
Denture} OR {Overlay

Dentures} OR Overdenture OR Overdentures OR {Denture

wearer} OR {Denture wearers} OR {Palatal device} OR {Full palatal
coverage} OR {Palatal coverage} OR ({Palatal plate}

#2 INDEXTERMS (stereognosis)) OR (TITLE-ABS-KEY (Stereognosis
OR Stereognoses OR {Oral stereognosis} OR {Oral stereognostic
ability} OR {Oral stereognostic test} OR {Oral stereognostic
proficiency} OR {Oral sensory function} OR {Oral sensory

ability} OR {Oral sensorimotor function} OR {Oral

perception} OR {Stereognosis test} OR {Oral tactile ability}

#1 AND #2

Web of

Science

#1 TS=(“Dental Prosthesis” OR Denture OR Dentures OR “Denture,
complete” OR “Denture, complete, immediate” OR “Denture, complete,
lower” OR “Denture, complete, upper” OR “Denture, partial” OR “Dental,
partial, removable” OR “Dental Prosthesis, Implant Supported” OR
“Denture, Overlay” OR “Prosthesis, Dental” OR “Dental Prostheses” OR
“Prostheses, Dental” OR “Complete denture” OR “Complete dentures” OR
“Dentures, complete” OR “Dentures, Partial” OR “Partial Denture” OR
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“Partial Dentures” OR “Removable Partial Denture” OR “Denture,
Removable Partial” OR “Dentures, Removable Partial” OR “Partial
Denture, Removable” OR ‘“Partial Dentures, Removable” OR “Removable
Partial Dentures” OR “Dental Prosthesis, Implant Supported” OR “Implant-
Supported Dental Prosthesis” OR “Dental Prostheses, Implant-Supported”
OR “Implant Supported Dental Prosthesis” OR “Implant-Supported Dental
Prostheses” OR “Prostheses, Implant-Supported Dental” OR “Prosthesis,
Implant-Supported Dental” OR “Denture, Implant-Supported” OR
“Denture, Implant Supported” OR “Implant-Supported Denture” OR
“Dentures, Implant-Supported” OR “Implant Supported Denture” OR
“Implant-Supported Dentures” OR “Prosthesis Dental, Implant-Supported”
OR “Dental, Implant-Supported Prosthesis” OR “Dentals, Implant-
Supported Prosthesis” OR “Implant-Supported Prosthesis Dental” OR
“Implant-Supported Prosthesis Dentals” OR “Prosthesis Dental, Implant
Supported” OR “Prosthesis Dentals, Implant-Supported” OR “Dentures,
Overlay” OR “Overlay Denture” OR “Overlay Dentures” OR Overdenture
OR Overdentures OR “Denture wearer” OR “Denture wearers” OR “Palatal
device” OR “Full palatal coverage” OR “Palatal coverage” OR “Palatal
plate”)

#2 TS=(Stereognosis OR Stereognoses OR “Oral stereognosis” OR “Oral
stereognostic ability” OR “Oral stereognostic test” OR “Oral stereognostic
proficiency” OR “Oral sensory function” OR “Oral sensory ability” OR
“Oral sensorimotor function” OR “Oral perception” OR “Stereognosis test”

OR “Oral tactile ability”)

#1 AND #2

Embase

#1 'denture'/mj OR 'tooth prosthesis'/mj OR 'implant-supported
denture'/mj OR 'removable partial denture'/mj OR 'complete denture'/mj
OR 'complete immediate denture'/mj OR 'complete lower denture'/mj OR
'complete upper denture'/mj OR 'overlay denture'/mj OR 'partial
denture'/mj OR 'dental prosthesis':ti,ab,kw OR 'denture’:ti,ab,kw OR
'dentures':ti,ab,kw OR 'denture complete':ti,ab,kw OR 'denture complete
immediate':ti,ab,kw OR 'denture complete lower":ti,ab,kw OR 'denture
complete upper':ti,ab,kw OR 'denture partial':ti,ab,kw OR 'dental partial
removable':ti,ab,kw OR 'denture overlay'ti,ab,kw OR 'prosthesis

dental':ti,ab,kw OR 'dental prostheses':ti,ab,kw OR 'prostheses




dental':ti,ab,kw OR 'complete denture':ti,ab,kw OR 'complete
dentures':ti,ab,kw OR 'dentures complete':ti,ab,kw OR 'dentures
partial':ti,ab,kw OR 'partial denture':ti,ab,kw OR 'partial dentures':ti,ab,kw
OR 'removable partial denture':ti,ab,kw OR 'denture removable
partial':ti,ab,kw OR 'dentures removable partial:ti,ab,kw OR 'partial
denture removable':ti,ab,kw OR 'partial dentures removable':ti,ab,kw OR
'removable partial dentures':ti,ab,kw OR 'dental prosthesis implant
supported':ti,ab,kw OR 'dental prostheses implant supported'ti,ab,kw OR
'implant supported dental prosthesis':ti,ab,kw OR 'implant supported
dental prostheses":ti,ab,kw OR "prostheses implant supported
dental":ti,ab,kw OR 'prosthesis implant supported dental':ti,ab,kw OR
'denture implant supported':ti,ab,kw OR 'dentures implant
supported':ti,ab,kw OR 'implant supported denture':ti,ab,kw OR 'implant
supported dentures':ti,ab,kw OR 'dental implant supported
prosthesis':ti,ab,kw OR 'dentals implant supported prosthesis':ti,ab,kw OR
'implant supported prosthesis dental':ti,ab,kw OR 'implant supported
prosthesis dentals':ti,ab,kw OR 'prosthesis dental implant
supported':ti,ab,kw OR 'prosthesis dentals implant supported':ti,ab,kw OR
'dentures overlay':ti,ab,kw OR 'overlay denture':ti,ab,kw OR 'overlay
dentures':ti,ab,kw OR 'overdenture':ti,ab,kw OR 'overdentures':ti,ab,kw
OR 'denture wearer":ti,ab,kw OR 'denture wearers":ti,ab,kw OR 'palatal
device':ti,ab,kw OR 'full palatal coverage':ti,ab,kw OR 'palatal

coverage':ti,ab,kw OR 'palatal plate':ti,ab,kw

#2 'pattern recognition'/mj OR stereognosis:ti,ab,kw OR
stereognoses:ti,ab,kw OR 'oral stereognosis':ti,ab,kw OR 'oral
stereognostic ability':ti,ab,kw OR 'oral stereognostic test':ti,ab,kw OR
'oral stereognostic proficiency':ti,ab,kw OR 'oral sensory
function':ti,ab,kw OR 'oral sensory ability"ti,ab,kw OR 'oral sensorimotor
function':ti,ab,kw OR 'oral perception':ti,ab,kw OR 'stereognosis

test':ti,ab,kw OR 'oral tactile ability':ti,ab,kw

#1 AND #2

Cochrane

Library

#1 MeSH descriptor: [Dental Prosthesis] explode all trees
#2 MeSH descriptor: [Dentures] explode all trees

#3 MeSH descriptor: [Denture, Complete] explode all trees
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#4 MeSH descriptor: [Denture, Complete, Immediate] explode all trees
#5 MeSH descriptor: [Denture, Complete, Lower] explode all trees

#6 MeSH descriptor: [Denture, Complete, Upper] explode all trees

#7 MeSH descriptor: [Denture, Partial] explode all trees

#8 MeSH descriptor: [Dental Prosthesis, Implant-Supported] explode all

trees
#9 MeSH descriptor: [Denture, Overlay] explode all trees
#10 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9

#11 "Dental Prosthesis" OR Denture OR Dentures OR "Denture, complete"
OR "Denture, complete, immediate" OR "Denture, complete, lower" OR
"Denture, complete, upper” OR "Denture, partial" OR "Dental, partial,
removable" OR "dental prosthesis, Implant suppORted" OR "Denture,
overlay" OR "Prosthesis, Dental” OR "Dental Prostheses" OR "Prostheses,
Dental" OR "Complete denture" OR "Complete dentures" OR "Dentures,
complete" OR "Dentures, Partial" OR "Partial Denture" OR "Partial
Dentures" OR "Removable Partial Denture" OR "Denture, Removable
Partial” OR "Dentures, Removable Partial" OR "Partial Denture,
Removable" OR "Partial Dentures, Removable" OR "Removable Partial
Dentures" OR "Dental Prosthesis, Implant Supported” OR "Implant
Supported Dental Prosthesis" OR "Dental Prostheses, Implant Supported"
OR "Implant Supported Dental Prosthesis” OR "Implant Supported Dental
Prostheses" OR "Prostheses, Implant Supported Dental" OR "Prosthesis,
Implant Supported Dental" OR "Denture, Implant Supported" OR "Denture,
Implant Supported” OR "Implant Supported Denture" OR "Dentures,
Implant Supported" OR “Implant Supported Dentures” OR "Prosthesis
Dental, Implant Supported" OR "Dental, Implant Supported Prosthesis" OR
"Dentals, Implant Supported Prosthesis" OR "Implant Supported Prosthesis
Dental" OR "Implant Supported Prosthesis Dentals" OR "Prosthesis Dental,
Implant Supported” OR "Prosthesis Dentals, Implant Supported" OR
"Denture wearer" OR "Denture wearers" OR "Palatal device" OR "Full

palatal coverage" OR "Palatal coverage" OR "Palatal plate"
#12 #10 OR #11

#13 MeSH descriptor: [Stereognosis] explode all trees




#14 Stereognosis OR Stereognoses OR "Oral stereognosis" OR "Oral
stereognostic ability" OR "Oral stereognostic test" OR "Oral stereognostic
proficiency" OR "Oral sensory function" OR "Oral sensory ability" OR
"Oral sensorimotor function” OR "Oral perception" OR "Stereognosis test"

OR "Oral tactile ability"
#15 #13 OR #14

#16 #12 AND #15

Lilacs

#1 mh:("Dental Prosthesis" OR "Dentures" OR "Denture, Complete” OR
"Denture, Complete, Immediate" OR "Denture, Complete, Lower" OR
"Denture, Complete, Upper" OR "Denture, Partial” OR "Denture, Partial,
Removable" OR "Dental Prosthesis, Implant-Supported” OR "Denture,
Overlay")

#2 mh:("Stereognosis")

#1 AND #2
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Table 2. Characteristics of included articles.

38

Author(s), year Study Participants (P) Intervention (I) Outcome (0)
(country) design Participants Sample size Age Palate cover Dentures Method to assess OS Evaluation times Results Conclusion
69.5 (T0); 55.0 (T1)
G1: Baseplate Identification of ten forms W/o baseplate wax (TO), w for 20-31y; 55.5
G1: Dentat 42 (GNI 20-72 g i
) entate (GND) y wax New CDs varying degrees of surface baseplate wax (T1) (T0); 42.1 (T1) for OS in edentulous
Litvak et al., . . 50-72 subjects greatest w
N-RCT made for the and basic-form alterations. y
1971 (USA) study OS scored as percent answers both Max. and Mand.
. . No CDs (T0), Max. CD (T1);  37.4 (T0), 40.0 (T1), CD in place
G2: Edentulous 48 (GNI) 50-75y G2: CD correct Mand. CD (T2), both (T3) 41.3 (T2), 44.9 (T3)
New CDs Identification of 10 shapes .
Garrett et al. . T0 =10.2 (SD 6.6); Trend of OS reduction
1994 (USA)* N-RCT Edentulous 53M/1 F 48-85y CD made for the (raw carrot). 3-point s.cale, W/o CD (T0) and w CD (T1) T1=95(SD 6.7) after CD removal
study 100% correct, 40 points
G1: Edentulous w . . w/o CD (TO) and w CD 1~3 TO: 5.78 (SD 2.04);
o Controlled new CDs 22 M/1SF 49-86y New CDs Ideptlﬁcathn of 10 s.hapes of mos. posttreatment (T1) T1:7.65 (SD 2.03) C]? palatal coverage
Mantecchini et different size (Plexiglass). did not reduce OS;
before-and- CD made for the .
al., 1998 (Italy) after G2: Ed ) stud OS score 0-10, number of TO: 5.78 (SD 2.04): correct restoration can
: Olgrglls :us w 19 (GNT) 49-86y ¥ correct identifications w/o CD (T0) and w CD (T1) "¢ o9 ((SD 2'.33))’ improve OS
G1: Edentulous w mean TO: 6.7 (SD 4.4); 08 did not differ
14 M/21F
stroke 712y New CDs Identification of 10 objects L T1:9.0 (SD 4.9) between partially
Pow et al., were not . o Two times: w/o (T0) and w d ded i
2001 (China)* N-RCT G2: Ed | CD made for the (AR). 3-point scale, 100% CD (T1) T0: 10.7 (SD 3.1): entate and edentulous
: Edentulous w 15 M/20 F mean stud correct, 40 points 110.7.( 1y CD wearers; OS
PD 714y y T1:11.9 (SD 2.9) higher at T1
Controlled Identification of 12 shapes W/o palatal coverage (TO), OS not influenced Palatal coverage
Kaiba et al., before-and- Dentate 12 M/8 E 2431 HC-AR palatal Not (raw carrot); 3 trials for each immediately after palatal by device but was decreased OS; well-
2006 (Japan) after y device applicable form. Total score (max 72, coverage (T1), 3 d after (T2) influenced by test adapted full coverage
36 trials) used as OS score and 1 wk after (T3) repetition. CDs recommended
New CDs Identification of 12 shapes Oral sensory function
Ikebe et al., were not (AR), each presented twice. Mean 34 (SD 9) similar between
2007 (Japan)* RCT Edentulous 13 MITE 66-80y b made for the 3-point scale, 100% correct, W/o (T0) and w CD (T1) (T1) elderly fully dentate
study 48 points persons v. CD wearers
G1: Mouth-guard ;
) > g Gl: 16.4 (T0) and Method informs
Kawagishi et GI: Young adults 182 M/87F 23-32y ethylene vinyl I;IVZV:G(I:E: Identification of 20 shapes W (TO0) and w/o (T1) palatal 16.5 (T1) development of
al., 2009 N-RCT acetate copolymer made for the  (Polyethylene). OS scored as coverage p rehabilitation method
Japan a percent responses correct . targeting recovery of
(Japan) G2: Seniors OM/SIE 6691y  G2: Full dentures study P P G2: 10.3 (T0) and geng Y

10.8 (T1)

tongue stereognosis
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TO =47.5 (SD

OS improved in

Amarasena et New CDs Identification of 5 sizes of Before CD insertion (TO0), 30 9.979). T1 = 4125 experienced and non-
al., 2010 N-RCT Edentulous 8 M/8 F 60-70y CD were made steel spheres. OS scored as min after insertion (T1), and ; ' T experienced CD
R (SD5.313). T2 =
(Sri Lanka) for the study percent responses correct after 1 month of CD use (T2) 58.75 (SD 4.990) wearers after 1 mo. of
’ ’ use, showing learning
Kumamoto et 2 HP-AR devices: Identification of 12 large and
. horseshoe-shaped; Not small geometric shapes (HP- Without plate (TO), w plate- OS not changed by
al, 2010 RCT Dentate 10M/5 F 22-32Y late-B (gingival  applicable AR). 3-point scale, 100% A (T1) and w plate-B (T2) Not reported plates
(Japan) o .
cuff to "ah" line) correct, 36 points
Dal 2014 New CDs (rrllifzrlllt)laczlt:: neoafnZi fs?lr;?;ce T0: 48.94 (SD Palatal coverage did
aaya, N-RCT Edentulous 40 (GNI) 30-70'y CD were made W shap W/o CD (T0) and w CD (T1)  21.41); T1: 36.9 (SD &
(India)* alterations. OS scored as not affect OS
for the study 20.45)
percent responses correct
Meenakshi et Controlled New CDs Identification of 6 shapes Before CDs (T0), 30 min T0T:1 9_‘313 l(g? (é']g3)' Covering the palatal
al., 2014 before-and- Edentulous 30 (GNI) 55-60y CD were made (raw carrot). 3-point scale, after CD insertion (T1), after 0 92)_ T2. ~11.86 mucosa with a CD did
(India) after for the study 100% correct, 12 points 1 mo. of CD use (T2) : (S'D 0_92) : not reduce OS
G1: Diabetic - TO = 12~‘13 (SD Diabetic CD wearers
35 (GND Identification of 12 forms 3.93) T1 = 13.89 showed lower OS than
Gnanasamban edentulous New CDs (acrylic resin) in two sizes. 3- (SD 4.04) nondiabetics without
dam et al., N-RCT 35-84y CD were made Y o ’ W/o CD (T0) and w CD (T1)

2019 (India) G2: Non-diabeti for the stud point scale, 100% correct, 12 TO = 14.82 (SD palatal coverage. Both
: don— lla etic 35 (GNI) y points 4.44).T1 = 15.71 groups' OS scores
edentulous (SD 5.39) increased with CDs

Gll\:/lbar Izgtécll;ed 12 (GNI) 5H916;m
ax- =Y Palatal coverage New CDs No correlation
o G2: magnet attached mean associated w Max- Identification of 10 plastic . . between patient
Kilic et al., 14 (GNI) were not Without CD (T0) and with . K .
2019 (Turkey) N-RCT Max-IS CD 61.8y IS CDs w b'ar or made for the samples. OS was f:valuated CD (T1) Not reported satlsfactlon z_md OS in
magnetic by answer time patients w implant-
G3: Max-IS CD w mean attachments study supported CDs
bar attachments, 18 (GNI)
562y
palate exposed
Mary et al Controlled New CD Identification of 6 shapes Before CD insertion (TO); TO=6.5(SD2.2) Rehabilitation w CDs
202031(1 di ’) before-and- Edentulous 70 (GNI) 50-70y CD were made (HCAR). 3-point scale, 100% after CD insertion (T1); 6 T1=9.1(SD 1.9). can improve OS
ndia after for the study correct, 12 points months after T1 (T2) T2=10.8 (SD 1.2) P




Table 3. Results of bias risk assessment of non-randomized clinical trials with ROBINS-I tool.

Risk by domain
Stud Risk of
tudy . Selection of Classification of  Deviation from Data Measurement Reported bias
Confusion . . . . . 1.
participants interventions interventions hiding of results results
Litvak et al. (1971) + + + + + + + +
Garrett et al. (1994) + + + + + + + +

Mantechinni et al. (1998)

Pow et al. (2001)

Kawagishi et al. (2009)

Amarasena et al. (2010)

Dalaya (2014)

Meenakshi et al. (2014)

Gnanasambandam et al.
(2019)

Kilic et al. (2019)

Mary et al. (2020)

Judgement (risk of bias):

* Low

* Moderate
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Table 4. Results of bias risk assessment of randomized clinical trials with RoB 2.0 tool.

Risk by domain
Study Deviations Selective Rls.k of
s Incomplete Measurement R bias
Randomization from reporting of

. . outcomes of results

intervention outcome
Kaiba et al. (2006) ? + + + + ?
Ikebe et al. (2007) ? + + + + ?
Kumamoto et al. (2010) ? + + + + ?

Judgement (risk of bias):

* Low

* Moderate

41



Table 5. Certainty of evidence of the syntheses performed.

Certainty assessment Absolute effect
N Risk of Oth No. Overall
0. i 15K 0 i b i ision® er articipants o certaint
Datasets Study design bias? Inconsistency” Indirectness Imprecision considerations P P SMD (95% CI) y
Stereognosis score immediately after palatal coverage (prosthesis)
9 Interventional Serious Serious Not serious Serious None 350 0'30(3 7(;;')1 24, V%l%?g)w
Stereognosis score immediately after palatal coverage (prosthesis)
4 Int tional ious® ious® Not seri ious® N 1 1. . 2.232 ®000
nterventiona Serious Serious ot serious Serious one 53 565 (0.899, 2.232) VERY LOW

a Data from nonrandomized clinical trials (uncontrolled before-and-after studies) were synthesized.
b Lack of overlap between confidence intervals and index I* > 75%.

¢ Insufficient number of evaluated subjects (<400).

Abbreviations: SMD, standardized mean difference; CD, confidence interval.



Fig. 1 PRISMA flowchart diagram of screening process.
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Fig. 2 Analysis of all studies included.
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Fig. 3 Analysis excluding studies that examined patients with systemic disease.
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Abstract

Aim: To evaluate whether tongue lesions and palatal coverage are disruptive to oral
stereognosis (OS) and gustatory function. Methods and Results: Seventy participants (mean
age, 30.71 = 6.7 years) were divided into a tongue lesion (TL) group (experimental; N = 35)
and a control (CON) group (N = 35). The TL group included participants with geographic
tongue, fissured tongue, or hairy tongue. OS was evaluated with the oral stereognosis ability
(OSA) test and the response time to the test was recorded in seconds. Gustatory function was
assessed with exposure to flavored solutions. After completing the above tests, the participants
received a palate-covering device, and then OS and gustatory function were immediately re-
evaluated. The data were analyzed with Mann-Whitney and Wilcoxon tests (significant at a =
0.05). OSA and gustatory function scores did not differ among the TL and CON groups with
and without palatal coverage (all p > 0.05). After palatal coverage, the TL group took more
time to perform the OSA test than the CON group (p < 0.05). Conclusions: Neither the
presence of tongue lesions nor palatal coverage influenced OS or gustatory function. OSA test

response times were longer for the TL group after they had palatal coverage.

Keywords: Stereognosis; glossitis; benign migratory; tongue fissured; tongue hairy; tongue

diseases; palate.
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Introduction

Structurally, the tongue is formed by a complex three-dimensional network of skeletal
muscle fibers' and is covered by filiform, fungiform, circumvallate, and foliate papillae.?
Filiform papillae are predominant on the dorsum of the tongue and perform strictly tactile and
texture-sensing functions.®* Meanwhile, fungiform papillae and circumvallate papillae,
located primarily on anterior and posterior portions of the tongue respectively, transmit taste
information.2® Finally, foliate papillae, which mediate tactile and gustatory functions, are
situated on the lateral portions of the tongue.2° Thus, papillary structures on the tongue
surface exert tactile and gustatory sensory functions that are important during chewing and
swallowing.5":8

There are several types of tongue-surface lesions prevalent in adults, including
geographic (a.k.a. benign migratory glossitis), fissured, and hairy tongue, that could,
potentially, disrupt its functioning.® Geographic tongue presents as migratory filiform papilla-
denuded areas of varying shape on the dorsum of the tongue.'®'" Fissured tongue, which
may co-occur with the benign migratory glossitis, ! is characterized by furrows and fissures
on the dorsal and lateral regions of the tongue.!" Hairy tongue refers to abnormal overgrowth
of filiform papillae in the anterior two-thirds of the tongue.' Although these lesions alter the
surface of the tongue,®'? and can cause symptoms such as burning sensation and
dysgeusia,'®'" there is limited information regarding how they affect oral sensory function.
Since the tactile receptors are majority present on the tongue surface,®* it can be assumed
that tongue lesions could affect oral sensory perception. However, there are no studies on
this topic.

Oral stereognosis (OS) is an oral sensorial ability that can be used to identify shapes,
sizes, and textures using only oral perception, without visual or auditory information.’ OS
involves higher-order neural processing and cognitive functions, including memory,
identification, and language.'* Stereognosis tests that measure OS have been used to

predict the success of a dental prosthetic treatments''5'8 based on the precept that patients
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with greater intraoral sensory perception should be better able to recognize roughness and
denture-surface alterations and thus may express lower satisfaction with new prostheses.'”'8

In dentate patients, OS is attributed in large part to proprioception via the periodontal
ligaments.'®'® As OS declines with tooth loss and advancing age,'*'"-?° other sensory
receptors, such as those in the tongue and palate, may compensate.'’"'*2! Some authors
have argued that palatal coverage resulting from complete dentures should not influence OS
because oral sensory function relies primarily on lingual receptors'”-'®22 and that the
complete upper denture can act as a rigid support for manipulating objects with the
tongue.'”?2 Conversely, others have argued that covering the palate reduces OS2*24 due to
loss of involvement of palatal receptors in the detection of food particles'® and creates an
abrupt and irksome change in the intraoral environment.232526 The role of palatal receptors in
OS remains to be clarified empirically.

Additionally, the influence of palatal coverage on gustatory function is still unclear.
Wearing removable dentures have been reported to be related to taste changes after its
installation.?”-2¢ In spite of exist an influence of age on taste perception, because of the
deterioration of taste buds with over the years,?” the presence of palatal coverage seems to
be related to a decrease on gustatory function due to the gustatory receptors’ overlay.?”28

Gustatory function is a taste perception that occurs due to chemicals mediators
detected by cells from the taste buds®® and the salivary flow rate of patients influences on this
function.®® The saliva is the main external fluid of gustatory receptors, protect taste buds and
perform the transport of food taste chemical mediators.®' Considering that taste receptors are
located within papillae structures of the tongue,?° it could be supposed that alterations on
tongue papillae due to the presence of tongue lesions would affect the gustatory function of
the patients. However, there are no studies concerning this topic.

The aims of this study were to evaluate whether benign tongue lesions and palate
coverage influence OS as determined by the oral stereognosis ability (OSA) test, and
gustatory function in dentate patients. We hypothesized that tongue lesions and/or palatal

coverage would alter oral sensory functions.
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Materials and methods
Study design

This clinical study assessed OS and gustatory function (dependent variables) in
subjects with and without tongue lesions, with and without palatal coverage. After completing
baseline OS, and gustatory function, the participants were fitted with a palatal device that
covers the entire palate. OS and gustatory functions were re-assessed immediately after
installation of the device.

Sample size was determined based on a pilot study of 15 dentate participants (7 with
tongue lesions and 8 without) demonstrating OSA scores to be the factor of greatest
variability. A single researcher performed all OSA tests. The mean OSA scores and
standard deviations of subjects with and without tongue lesions were 9.29 + 3.3 and 11 %
1.51, respectively. The sample size calculation indicated that 32 volunteers per group would
be sufficient to detect significant differences (power of 80%, significance level of 5%). To

compensate for possible losses, 70 participants were enrolled.

Subjects

Students and staff at Piracicaba Dental School, University of Campinas, patients who
sought dental treatment at our institution, and Piracicaba city residents were invited to
participate in this study without gender or ethnic restrictions. The volunteer participants were
divided into an experimental group with tongue lesions (TL group, N = 35) and a control
group without any tongue lesions (CON group, N = 35).

The inclusion criteria for the TL group were: (1) age, 18—45 years old; (2) good
general health, evaluated through questions of the volunteers’ systemic condition; (3)
complete permanent dentition (with or without third molars); and (4) benign tongue lesions,
including geographic tongue, fissured tongue, and/or hairy tongue. The inclusion criteria for
the CON group were the aforementioned criteria 1-3, but with the additional criteria of having

no tongue lesions and having a normal salivary flow rate.®? Because hairy tongue is found
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mainly in smokers® and smokers may have reduced salivary flow, a salivary flow criterion
was not implemented for the TL group.

Volunteers with malignant oral lesions, neuromuscular diseases, facial malformations,
bruxism (with the presence of tongue indentation), or advanced periodontal disease were
excluded by clinical exam. In addition, subjects using intraoral devices, removable
prostheses, or fixed prostheses were excluded. All volunteers read and signed a consent
form that was approved by the Ethics Committee for Piracicaba Dental School (protocol #
14772619.0.0000.5418). The study was registered in the Brazilian Registry of Clinical Trials
(ReBEC; RBR- 5bs7dr).

Sociodemographic characteristics, including education level, were surveyed before
conducting the baseline tests. Stimulated salivary flow rate was estimated by asking the
volunteers to chew a 0.2-mme-thick piece of Parafilm (Parafilm M, Bemis Company, Inc., PA,
USA) for 5 min.®* Saliva was expectorated at 30-s intervals into a pre-weighed container.
Salivary flow rate (mL/min) was calculated by subtracting the initial weight from the final

weight of the container.3*

Oral stereognosis

OS was assessed with the OSA test.” Six geometric shapes (square, rectangle,
triangle, semicircle, circle, and ellipse), each measuring 8 mm x 8 mm x 2 mm, were made
from raw carrot. Shapes were grouped into three pairs based on their similarity: circle and
ellipse; triangle and semicircle; and square and rectangle.” The test was performed by a
single researcher, with the volunteer seated in a dental chair with their eyes closed. Each
geometric shape was placed alone in a random positioned on the mid-dorsal surface of the
volunteer’s tongue.” The participant was then instructed to move the object between the
tongue and the palate, without touching the teeth and without a time limit, with the aim of
identifying the object's shape.®® Subsequently, the participant was shown a chart of
illustrations of eight shapes,'®% including the six included in the test as well as two others

(hexagon and addition sign),®” and instructed to point to the shape corresponding to the
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piece in their mouth.” The attending researcher recorded the answers and the time in
seconds required to identify each shape. A 3-point scale was used to classify answers as
correct (2 points), partially correct (incorrect but shape in the same group as given answer; 1
point), and incorrect (0 points).” Thus, scores ranged from 0 to 12 points, with higher scores

indicating better OS.

Gustatory function

Four solutions representing sweet, salty, sour, and bitter flavors®* were used as
stimuli to evaluate gustatory function. The solutions were flavored (1 mol/L distilled water)
with sucrose (for sweet taste), sodium chloride (salty), citric acid (sour), and quinine
hydrochloride (bitter taste), respectively.* The solutions were diluted one day prior to the test
and were stored at refrigerator.2® Each solution was kept at room temperature before tests.?
The participants were instructed not to eat or drink 1 h before the procedure. The ends of 8-
cm-long filter paper strips were soaked in single solutions until it was impregnated and then
applied to the mid-dorsal surface of the tongue for approximately 5 s.3# A different filter paper
strip was used for each of the solutions.®>* The order of flavor exposure was random except
that the bitter taste was always the last to be tested because it can alter the perception of
other flavors.?”8 Volunteers were instructed to identify the basic flavor of the tape, and the
researcher recorded 1 point for each correctly identified flavor. Total scores ranged from 0 to

4 points, with higher scores indicating better gustatory function.®

Palatal coverage

The palate was covered with the installation of an acrylic device. Impressions of all
volunteers' upper dental arches were obtained with alginate (Hydrogum 5, Zhermack SpA,
Badia Polesine, ltaly), and master casts were processed with type Il dental stone (Herodent,
Vigodent S/A Industria e Comércio Ltda, Rio de Janeiro, Brazil). Interproximal retention
clasps made of 0.7 mm orthodontic steel wire (Dental Morelli Ltda, Sorocaba, Sao Paulo,

Brazil) were positioned in the interproximal region between the upper second pre-molars and
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first molars, with no occlusal interference. The devices were finished by adding a self-curing
acrylic resin (Vipi Flash Incolor, Vipi Produtos Odontolégico, Pirassununga, Sao Paulo,
Brazil), ensuring a total palatal coverage. The devices were limited anteriorly by the lingual
surface of the upper teeth and limited posteriorly by the hard and soft palate junction.® To
ensure a similar thickness of all palatal devices, a digital caliper (Digital Coolant Proof
Absolute IP-67 Caliper, Mitutoyo Sul Americana Ltda, Suzano, Sao Paulo, Brazil) was used
to measure the palatal device thickness in four regions: anterior, central, and lateral (left and
right, in the region of first molars). After finishing and polishing, a final thickness of ~1.2 mm
was obtained for all palatal devices,®3® consistent with the typical thickness of removable
upper dentures.® The palatal device was installed and adjusted to make no contact with the

opposing teeth at the maximum intercuspal position.'”:23

Statistical analysis

The dependent variables were tested for normality with the Kolmogorov-Smirnov test.
Considering the non-normal distribution of the data, even after data transformation, non-
parametrical tests were used for statistical analysis. The Mann-Whitney test was used to
compare OS and gustatory function values according between the TL and CON groups. The
Wilcoxon test was used to compare OS and gustatory function results before versus after
palatal coverage. The data of salivary flow rate of the subjects had normal distribution and
were evaluated with the independent t-test. All analyses were performed with a significance

level of 5% (SPSS for Windows, version 20.0, IBM).

Results

The participants' sociodemographic characteristics, including age distribution, gender,
tongue lesion diagnosis and educational level are presented in Table 1. The TL group (years,
mean = SD, 33 * 7) included more men than women and a majority of the TL group
participants completed high school. The CON group (years, mean = SD, 29 + 5) included

more women than men and a majority of the CON group participants had at least some
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undergraduate education. Fissured tongue was the most prevalent lesion diagnosis (61,8%),
being observed in more than half of the TL group participants. The salivary flow rate did not
differ between groups (p = 0.916).

No differences were found in median OSA and gustatory function scores between the
TL and CON groups at either evaluation timepoint, nor between the before and the after
palatal coverage evaluations within each group (Table 2). Compared to their baseline pre-
palatal covering device installation OSA test results, participants with tongue lesions took
longer (p < 0.05) to recognize shapes orally in the OSA test after being fitted with a palate

covering device (Table 3).

Discussion

OS is performed by the combination of motor activity of the tongue, through the
manipulation of objects within the mouth,'®17:22 and the acting of tactile receptors present on
the tongue’ surface.®* Therefore, it could be hypnotized that alterations on the dorsum of the
tongue would affect the oral sensory perception, however the prediction that tongue lesions
would influence OS was not confirmed. This non-influence might be due to the differentiated
locations of filiform and foliate papillae, both of which mediate tactile sensory functions.
Geographic, fissured, or hairy tongue lesions affect mostly the dorsum of the tongue where
filiform papillae are found, leaving foliate papillae along the lateral edges of tongue unaltered.?®
The sensorial function of intact foliate papillae could thus continue to mediate OS in the
presence of a palate-covering apparatus. Gustatory function was not found to be influenced
by geographic, fissured, or hairy tongues, consistent with the view that taste stimulation occurs
mainly by way of receptors located in circumvallate papillae, which are found mostly on the
back of the tongue.®

Our results indicating that palatal coverage did not alter OS, even in patients with
tongue lesions, corroborate several studies demonstrating a lack of influence of palatal
coverage on OS'517:24.3639 gnd further affirm that oral tactile information is gained primarily

from sensory receptors in the tongue.?*2°40 On the other hand, these findings contrast with
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those of studies'®2*2* showing effects of palatal coverage on tactile feedback via lingual
receptors.'®2324 Methodological differences between studies may explain this difference.
While Kaiba et al.'s?® study participants wore a palatal device for 7 days before testing, we
performed OS tests immediately after device installation, thus allowing more opportunity for
adaptation. In addition, whereas our study was conducted with dentate participants, Ikbal et
al.?* studied edentulous elderly people who had been using complete dentures and/or
implant-supported dentures for varying periods of time. Finally, Gnanasambandam et al.'®
evaluated the effects of palatal coverage on OS in a clinical sample of diabetic patients.

Flavor chemicals dissolved in saliva are detected by gustatory receptors found
throughout the oral cavity.*’ Patients often complain about changes in taste perception after
installation of complete dentures, because the food might not dissipate in the mouth as in the
absence of palatal coverage.*' Consequently the contact of the chemicals with the gustatory
receptors would be affected and a decrease on gustatory function may be noticed.*'
However, the gustatory function of our participants was also not influenced by palatal
coverage in our study, consistent with Kapur et al.'s*? report. The sparsity of gustatory
receptors on the palate*?> may explain the ability of participants to taste effectively without
their involvement. Though they are most concentrated on the tongue, gustatory receptors are
found throughout the oral cavity,*® including at low densities in the oropharynx,*® which could
aid in gustatory function.

Interestingly, TL group participants took longer to recognize the shapes rectangle,
triangle and circle after palatal coverage. Shape identification may take longer in these
subjects due to participants with tongue lesions moving the stimuli away from the dorsum of
the tongue, where lesions mainly occur,?® to intact areas of the tongue on the lateral and
anterior portions of the tongue. Distinct from prior studies wherein participants were free to
move objects throughout the oral cavity,”3”434* we instructed the participants of this study to
keep the stimulus objects between the tongue and palate to avoid dental proprioception.

These methodological differences together with the sudden change in the oral environment



56

induced by palatal coverage*® may have contributed to the increased response times of our
TL group participants at the post-palatal coverage timepoint.

Although shapes with corners have been reported previously to be more easily
identified than shapes without corners,” 374344 our study participants took longer to recognize
triangles and rectangles than to recognize circles. The differently-sized sides of a rectangle
could have slowed its identification. Meanwhile, it could be that the relatively small tongue-
contacting areas of triangles’ extended the time needed to identify them.

It is important to emphasize that normal salivary flow rate was established as an
inclusion criteria for the control group, due to its influence on taste perception.303145
Considering that smokers present reduced salivary flow®? and are the most common patients
to present hairy tongue, it could be expected that this condition would influence results and
figure as a bias. However, such assumption was not confirmed, probably due the fact that
only three volunteers presented hairy tongue and were smokers. Furthermore, no difference
on salivary flow were found between TL and CON group, what may also aid to support our
finding.

This study had two noteworthy limitations. Firstly, it was a short-term study involving
participants with a recently installed palatal coverage device. Secondly, we included only the
three most prevalent benign tongue lesion types. Further studies investigating the influence
of other types of tongue lesions on OS and gustatory function, and with the inclusion of long-

term denture wearers and longer follow-up periods are encouraged.

Conclusions
Tongue lesions and palatal coverage do not influence dentate patients’ OS ability, as
evidenced by OSA scores, or their gustatory function. Nonetheless, after palatal coverage,

participants with tongue lesions presented longer OSA test response times.
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Table 1 Characteristics of the study groups
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Characteristic Experimental (n=  Control (n=35) P-value
35)
Age (years, mean * SD) 33+7 29+5 0.010
Gender [n (%)]
Male 20 (57.1) 15 (42.9) 0.232
Female 15 (42.9) 20 (57.1)
Tongue lesions [n (%)]
Migratory glossitis 7 (20.6) -
Fissured tongue 21 (61.8) -
Hairy tongue 3 (8.8) -
Fissured and geographic tongue 3 (8.0) -
Educational level [subjects (%)]
Middle school (1-9 y) 4(11.4) 2 (5.7)
High school (10-12 y) 17 (48.6) 2 (5.7)
Graduate/undergraduate (13y or 14 (40.0) 31 (88.6) < 0.001
more)
Salivary flow rate (mL/min, mean % 1.983+0.10 1.85+0.10 0.916
SD)
Smokers 3(8.8) -
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Table 2. Oral stereognosis scores and gustatory function before and after palatal coverage

for the studied groups

Oral stereognosis scores Gustatory function
Groups Before PC After PC Before PC After PC
Experimental 8 (6-10) Aa 9 (6-10) Aa 4(3-4) Aa 4(3-4) Aa
Control 9 (8-10) Aa 10 (8-11) Aa 4(3-4) Aa 4(3-4) Aa

PC: palatal coverage.

Values represent median (percentile 25-75).

Values followed by distinct uppercase letters indicate differences (P < 0.05) between groups

(Mann-Whitney test).

Values followed by distinct lowercase letters indicate differences (P < 0.05) between before

and after palatal coverage (Wilcoxon test).



Table 3. Response times (seconds) for each form of the oral stereognosis test, before and after palatal coverage for the studied groups
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Shaped forms

Response time (seconds)

Before palatal coverage

After palatal coverage

Experimental

Control

Experimental

Control

Rectangle 9.60 (4.78-32.96) Aa 6.34 (3.76-29.70) Aa 11,71 (7,45-40,33) Aa 5,57 (3,60-20,05) Ba
Triangle 5.83 (3.61-11.99) Aa 5.63 (3.21-28.76) Aa 8,11 (4,05-20,28) Aa 4,65 (2,43-11,98) Ba
Square 8.59 (5.36-30.40) Aa 6.81 (3.65-24.27) Aa 7,52 (6,48-25,41) Aa 5,37 (4,60-18,00) Aa
Circle 9.35 (6.00-29.57) Aa 8,07 (4,47-31,39) Aa 9,98 (5,67-39,21) Aa 6,37 (3,93-27,30) Ba
Semi-circle 11.34 (5.49-31.48) Aa 7.26 (4.91-23.68) Aa 9,08 (5,38-28,50) Aa 7,80 (5,11-22,05) Aa
Ellipse 11.58 (7.78-35.35) Aa 8.52 (4.99-24.71) Aa 11,26 (7,41-46,60) Aa 8,90 (6,29-33,96) Aa
Total 62.36 (47.90-141.74) Aa 44.79 (38.32-125.78) Aa 61,47 (48,04-185,95) Aa 45,59 (34,58-98,05) Ba

Values represent median (percentile 25-75).

Values followed by distinct uppercase letters indicate differences (P < 0.05) between groups (Mann-Whitney test).

Values followed by distinct lowercase letters differences (P < 0.05) between before and after palatal coverage (Wilcoxon test).
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3 DISCUSSAO

O presente estudo avaliou por meio de revisao sistematica da literatura a possivel
influéncia do recobrimento do palato, por meio do uso de préteses ou dispositivos palatinos,
sobre a EO, e foi observado que, apesar de nao haver alteracdo na percepcao sensorial oral
imediatamente apds o recobrimento palatino, a EO dos pacientes melhorou apés 1 més ou
mais da instalacdo de préteses ou dispositivos palatinos. Além da revisdo sistemdtica,
também foi realizado um estudo clinico avaliando a influéncia de altera¢des de normalidade
de lingua e recobrimento palatino sobre a EO e funcdo gustativa de individuos dentados,
demonstrando que ndo houve diferenga entre os grupos experimental e controle frente ao
recobrimento palatino, mas que ap6s a instalagao do dispositivo palatino os individuos com
alteracdes de normalidade de lingua levaram mais tempo para realizar o teste de EO.

A literatura mostra que existem receptores tateis em toda a cavidade oral (Suter
et al., 2021), mas a atuagao dos receptores palatinos sobre a EO ainda é controversa. Nesse
contexto, esperava-se que o recobrimento palatino pudesse afetar a percep¢ao sensorial oral
dos pacientes. Contrario a essa expectativa, ndo houve diferenga para a EO imediatamente
apds a instalagao de proéteses ou dispositivos palatinos, tanto na revisao sistematica quanto
no estudo clinico realizados. Esse resultado provavelmente se deve ao fato de que os
receptores tateis linguais atuam de forma predominante sobre a EO (Kapur et al., 1967; Ikbal
et al., 2014; Steele et al., 2017). Além disso, sabe-se que a EO depende primordialmente da
funcao motora lingual (Bangcuyo et al., 2017), assim o recobrimento palatino é utilizado como
um anteparo rigido para que a lingua realize a identificacao dos objetos (Dalaya, 2014; Kilic
et al., 2019). No entanto, observou-se na revisdo sistematica que apdés um ou mais meses
apos a instalacao de proteses, houve melhora da percepgao sensorial oral dos individuos, o
que pode ser explicado pela capacidade de adaptacdo do sistema estomatognatico ao
tratamento reabilitador (Kaiba et al., 2006; Mary et al., 2020). Estudos incluidos na revisao
mostraram ainda que, quando comparado ao estado edentado, usuarios de préteses totais
apresentam melhor EO na presenca dessas (Meenakshi et al., 2014; Bhandari et al., 2010;
Mantechinni et al., 2017; Mary et al., 2020), indicando que um tratamento reabilitador
adequado é de grande importancia no aprimoramento da percepc¢ao sensorial oral ap6s o
recobrimento palatino.

Em adicdo, a influéncia do recobrimento palatino, por meio de dispositivos
palatinos, sobre a fungdo gustativa foi analisada no estudo clinico realizado. Como esperado,
a fungao gustativa nao foi alterada ap6s o recobrimento palatino, uma vez que os receptores
gustativos estdo em sua maioria concentrados na superficie lingual (Kapur et al., 1967), bem
como em outros locais da cavidade oral (Suter et al., 2021), permitindo o desempenho
adequado da funcao gustativa mesmo na presencga do recobrimento palatino.
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As alteracdes de normalidade de lingua acarretam em mudancgas nas estruturas
papilares, essas responsaveis pelas funcoes tatil e gustativa (Snyder & Bartoshuk et al., 2016;
Suter et al., 2017; Bangi et al., 2019). Desse modo, esperava-se que individuos com lingua
geografica, fissurada ou pilosa apresentassem reducdo nas funcdes sensoriais orais.
Entretanto, observou-se que as alteragdes na superficie lingual decorrentes das alteragdes
de normalidade de lingua n&o influenciaram a EO e fungéo gustativa. Esse fato provavelmente
esta relacionado a diferenca que existe entre as areas linguais afetadas pelas alteracoes e as
areas que desempenham as fung¢des sensoriais orais. Além disso, notou-se que individuos
com alteragdes de normalidade de lingua precisaram de maior tempo para concluir o teste de
EO, o que pode ter ocorrido pelo fato de que esses pacientes necessitam movimentar mais
as formas geométricas na superficie da lingua.

Em adicao, por meio da revisao sistematica realizada evidenciou-se que estudos
ja relataram uma possivel relagdo da EO com doengas sistémicas que apresentam
manifestacdo na cavidade oral (Bakke et al, 2011; Gnanasamdandam et al., 2019). A
percepcao sensorial oral é afetada por doencas neurodegenerativas como a doenga de
Parkinson, e a diabete. A doenga de Parkinson é conhecida por acometer a coordenacao
muscular dos individuos, afetando, no caso da face, o movimento mandibular e lingual (Bakke
etal., 2011). Uma vez que a EO é dependente da movimentacao lingual para identificagdo de
objetos na cavidade oral (Bakke et al., 2011), pode-se supor que a doenca de Parkinson em
niveis avangados afeta negativamente a mesma. No entanto, ndo observou-se diferenca na
EO de individuos portadores da doenga de Parkinson, o que ser atribuido ao controle dos
movimentos musculares por medicamentos, ou mesmo o estagio de progressao da doenca.
Do mesmo modo, sabe-se que a diabete acarreta lesbes e processos inflamatérios na
cavidade oral, além da chamada neuropatia diabética, responsavel por alterar a sensibilidade
das extremidades corporais, como a lingua (Gnanasamdandam et al., 2019). Contrariando o
esperado, verificou-se que a diabete nao reduziu a percepgao sensorial oral dos individuos.
Esse resultado pode ser atribuido a adequada reabilitagdo dos pacientes, permitindo que o
sistema estomatognatico exerga suas fungdes normalmente.

Por fim, apesar da percepcao sensorial oral ser de grande importancia para a
adequada fungao do sistema estomatognatico, e ser importante que essa seja reestabelecida
apds a reabilitagao oral dos pacientes, individuos com maior percepgao sensorial oral podem
apresentar maiores complicagdes e dificuldade de adaptagcao no periodo pés-instalagcao de
proteses (Gnanasamdandam et al., 2019). Desse modo, cabe ao cirurgido-dentista esclarecer
que a adaptacdo € um processo gradativo que requer tempo e paciéncia. Em que pese os
resultados apresentados nessa dissertacdo, os dados precisam ser analisados com cautela
uma vez que no estudo clinico foram avaliadas apenas trés alteracdes de normalidade de

lingua, em voluntarios adultos, e o recobrimento palatino foi avaliado em um curto espaco de
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tempo (imediatamente apds a instalacao dos dispositivos de recobrimento palatino). Assim,
futuros estudos sdo necessarios para aumentar o nivel de evidéncia da influéncia do
recobrimento palatino sobre as funcdes sensoriais orais, com a avaliagdo da EO em maiores
periodos de tempo em individuos desdentados e usuarios de préteses.
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4 CONCLUSAO

Diante dos resultados obtidos nos artigos apresentados neste trabalho, concluiu-
se que o recobrimento palatino ndo influencia a EO e funcdo gustativa. No entanto, a
percepcao sensorial oral melhora apés o periodo de adaptacao dos individuos a préteses ou
dispositivos palatinos.

As alteragdes de normalidade de lingua ndo estao relacionadas a mudangas nas
funcbes sensoriais orais. Entretanto, individuos com alteragbes de normalidade de lingua,
imediatamente apods a instalagdo de dispositivos palatinos, necessitam maior tempo para a
identificacao de formas no teste de EO.
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1. Go to this URL: hitps://www.editorialmanager.com/jpd/

2. Enter your login details

3. Click [Author Login]
This takes you to the Author Main Menu.

4, Click [Submissions Being Processed]
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Justin Brown-Ramsey, M.A.

Editorial Office
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Dear Renata Garcia,

Your manuscript entitled "Potential effects of tongue lesions and palatal coverage
on oral sensory functions” has been successfully submitted online and is being
delivered to the Editorial Office of Special Care in Dentistry for consideration.

You will receive a follow-up email with further instructions from our electronic
editorial office platiorm, ScholarOne Manuscripts, typically within one business
day. That message will confirm that the Editorial Office has received your
submission and will provide your Manuscript |D.

Thank you for submitting your manuscript to Special Care in Dentistry

Sincerely,
The Editorial Staff at Special Care in Dentistry

By submitting a manuscript to or reviewing for this publication, your name, email address, and
affiliation, and other contact details the publication might require, will be used for the regular
operations of the publication, including, when necessary. sharing with the publisher (Wiley) and
partners for production and publication. The publication and the publisher recognize the importance of
protecting the personal information collected from users in the operation of these services and have
practices in place to ensure that steps are taken to maintain the security, integrity, and privacy of the
personal data collected and processed. You can learn more by reading our data protection policy. In
case you don't want to be contacted by this publication again, please send an email

to scdeditorial@wiley.com.

76



77

Anexo 4 — Formas geométricas utilizadas no teste de EO




Anexo 5 — Teste da funcao gustativa
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