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RESUMO

O namero de pacientes com multiplo edentulismo ainda € alto e com a tendencia ao
envelhecimento populacional, esse numero tem aumentado. Em alguns paises, esse
cenario é ainda pior, em virtude de fatores sociais, culturais e econémicos. Especialmente
em regido posterior de mandibula, a perda dentaria leva a uma alteracdo no sistema
estomatognatico afetando sensorialmente e aspectos motores afetando a mastigacao,
alimentacdo e qualidade de vida destes pacientes. Uma das formas de reabilitacdo oral,
especialmente em paises economicamente desfavoraveis, ainda é a utilizacdo de Protese
parcial removivel. Em regido mandibular, para pacientes Classe | de Kennedy, que
correspondem a 60% dos portadores desse tipo de protese, esse tratamento € associado
com doenca cariosa e periodontal do dente pilar, baixa retencdo da prétese, dor e
compressdo da mucosa ao mastigar e insatisfacédo do paciente, que muitas vezes abandona
o tratamento. Como formas alternativas, surgem os implantes dentarios, mas muitas vezes,
no caso de mandibulas atroficas, podem ser necessarios tratamentos reconstitutivos,
aumentando a possiblidade de complicacdes e a complexidade do tratamento, sem contar
no aumento total do tempo de tratamento, custos e morbidade associada. No caso de
pacientes mais idosos, além do fato de doencas sistémicas estarem presentes e serem
limitantes a essas reconstrucdes, o proprio paciente pode ndo querer escolher tratamentos
reconstrutivos ou nao ter condicfes financeiras para tal. Uma opc¢do pode ser o uso de
implantes curtos para se evitar as reconstrucfes. O tratamento com apoio posterior em um
implante dentario transformando o paciente Classe | em Classe Il de Kennedy ja foi citado
na literatura, mas quando este estudo foi iniciado, nenhum estudo com implantes curtos e
cicatrizadores havia sido publicado na literatura. Sendo assim, esta tese de doutorado
possui 4 objetivos especificos: Objetivo especifico 1: O objetivo do presente estudo foi
avaliar a performance mastigatoria através da habilidade de mistura e forca maxima de
mordida, a qualidade de vida e o dente pilar da protese removivel inferior (PPRI), apés a
instalacdo de um implante dentario curto Neodent WS e um cicatrizador e o apoio da PPRI
sobre este implante/cicatrizador. Objetivo especifico 2: Revisar a literatura criticamente em
relacdo aos métodos de performance mastigatéria disponiveis correlacionado os mesmos
com as suas formas de avaliacédo e obtencao de resultados, e secundariamente, avaliar se
€ possivel sugerir um método de avaliacdo de performance mastigatoria de acordo com o
perfil do paciente ou o tipo de tratamento instituido. Objetivo especifico 3: Apresentar uma
série de casos clinicos de 5 pacientes consecutivos e uma rapida avaliagcdo de forca de
mordida e habilidade de mistura e questionario de satisfacdo, com o objetivo de propagar
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este tipo de tratamento e conhecimento, além de servir como um piloto para 0S nossos
primeiros resultados da pesquisa. Objetivo especifico 4: Em parceria com a programa de
doutorado da USP-Ribeirdo Preto, estudar o desempenho de implantes curtos Neodent WS
para reabilitacdes unitarias e acompanhar os resultados clinicos e radiograficos desses
implantes correlacionando-os com as propor¢des de tamanho de coroa e proporgao
implante/prétese para coroas unitérias, hipotetizando que os mesmos teriam desempenho

semelhante a implantes considerados padrao/normais na literatura.

Palavras chaves: implantes curtos, implantes dentarios, atrofia éssea, performance mastigatoria,

gualidade de vida.
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ABSTRACT

The number of patients with multiple edentulism continue to grow and with the population
aging trend, this number has increased. In some countries, this scenario is even worse, due
to social, cultural and economic factors. Especially in the posterior region of the mandible,
tooth loss leads to a change in the stomatognathic system, affecting sensory and motor
aspects, affecting chewing, eating and quality of life of these patients. One of the forms of oral
rehabilitation, especially in economically disadvantaged countries, is still the use of removable
partial dentures. In the mandibular region, for Kennedy Class | patients, who correspond to
60% of the patients with this type of prosthesis, this treatment is associated with carious and
periodontal disease of the abutment tooth, low retention of the prosthesis, pain and mucosal
compression when chewing, and dissatisfaction of the patient, who often abandons the
treatment. As alternative forms, dental implants appear, but often, in the case of atrophic
mandibles, reconstructive bone surgeries may be necessary, increasing the possibility of
complications and the complexity of the treatment, not to mention the total increase in
treatment time, costs and associated morbidity. In the case of older patients, in addition to the
fact that systemic diseases are present and limit these reconstructions, the patient himself
may not want to choose reconstructive treatments or may not have the financial means to do
so0. One option may be the use of short implants to avoid reconstructions. Treatment with
posterior support on a dental implant transforming the Class | patient into Kennedy Class Il
has already been mentioned in the literature, but when this study was started, no studies with
short implants and healing had been published in the literature. Therefore, this doctoral thesis
has 4 specific objectives: Specific objective 1: The objective of the present study was to
evaluate the masticatory performance through the mixing ability and maximum bite force, the
quality of life and the abutment tooth of the lower removable prosthesis, after the placement
Neodent WS short dental implant and a screw healer and the support of the prosthesis.
Specific objective 2: To review the literature critically in relation to the available masticatory
performance methods, correlating them with their forms of evaluation and obtaining results,
and secondarily, to evaluate if it is possible to suggest a method of masticatory performance
evaluation according to the profile of the patient or the type of treatment instituted. Specific
objective 3: To present a series of clinical cases of 5 consecutive patients and a quick
assessment of bite force and mixing ability and satisfaction questionnaire. Our goal with this
work is to propagate this type of treatment and knowledge, in addition to serving as a pilot for
our first search results. Specific objective 4: In partnership with the doctoral program at USP-
Ribeirdo Preto, to study the performance of Neodent WS short implants for single-unit
rehabilitations and to monitor the clinical and radiographic results of these implants,
correlating them with the proportions of crown size and implant/prosthesis proportion. We

hypothesized that they would have similar performance to implants considered
14



standard/normal in the literature.

Keywords: short implants, dental implants, bone atrophy, masticatory performance, quality of
life.
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1. INTRODUCAO E REFERENCIAL TEORICO

Na Odontologia, as Proteses Parciais Removiveis sdo amplamente utilizadas
para reabilitar, principalmente, pacientes Classe | de Kennedy, ou seja, pacientes que
possuem arco posterior desdentado bilateral. Esse tratamento vem se tornando cada
vez menos comum, devido aos tratamentos relacionados a Implantodontia (Christensen,
2006).

A reabilitacdo de perdas dentarias por meio de préteses parciais fixas implanto-
suportadas € atualmente uma realidade clinica inquestionavel, uma vez que a
sobrevivéncia dos implantes dentais, nestas condi¢des, tornou-se um fato bem
documentado e com altos indices de sucesso (Branemark et al., 1977; Adell et al., 1981;
Attard & Zarb, 2003). Entretanto, ainda existem pacientes que ndo possuem condi¢des
sistémicas e/ou anatbmicas, € em muitos casos especialmente em paises em
desenvolvimento, condi¢des financeiras de realizar uma reabilitacdo completa com
implantes. A esses pacientes, as proteses parciais removiveis continuam sendo um dos
principais tratamentos realizados.

Um dos principais objetivos de um tratamento odontolégico é alcancar, por meio da
restauracdo dos dentes naturais e/ou da substituicdo dos dentes perdidos, uma funcéo
mastigatoria aceitavel (Boretti et al., 1995; Prado et al., 2006; Oliveira et al., 2008;
Mendonca et al., 2009; Borges et al., 2011). A avaliacdo desta funcdo é um importante
critério de controle de qualidade dos tratamentos realizados.

As proteses parciais removiveis de extremidade livre (PPREL), pelo fato de néo
apresentarem suporte dental distal e haver uma grande diferenga entre a resiliéncia da
fibromucosa e o movimento de intrusao do dente no alvéolo, sdo as que apresentam as
maiores dificuldades quanto a sua resolucao. Além disso, os portadores de PPREL
sentem algum grau de desconforto e insatisfacdo geral com o tratamento, queixando-se
principalmente de instabilidade das préteses e dificuldades mastigatérias (Witter et al.,
1990; Borges et al., 2011; Gongalves et al., 2013.).

Os termos performance e eficiéncia mastigatéria, considerados por muitos autores
como sinénimos, diferem entre si pelo método utilizado na obtencéo de seus indices. O
indice de eficiéncia mastigatoria € obtido investigando o nimero de ciclos mastigatérios
necessarios para reducdo do tamanho das particulas do alimento-teste a um
determinado tamanho, geralmente a metade do seu tamanho inicial. Para tanto, o
alimento-teste € mastigado por diferentes nimeros de ciclos mastigatérios, ou até que
se forme um bolus alimentar apropriado para a degluticdo, quando é denominado teste
de limiar de degluticdo. Ja o indice de performance mastigatéria é obtido pela analise da

distribuicdo do tamanho das particulas do alimento-teste mastigado durante um nimero
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determinado de ciclos mastigatorios (Mendonca et al., 2009; Borges et al., 2011; Silva et
al., 2011).

Trabalhos recentes demonstram que a utilizagdo de proteses parciais removiveis
classe | de Kennedy possuem uma pior performance mastigatéria quando comparados
a outros tipos de tratamento, como reabilitagbes com implantes dentérios (Borges et al.,
2011, Campos et a., 2013, Gongalves et al.,2014). Diversos estudos apontaram para a
melhora da performance mastigatdria progressiva ao comparar tratamentos que
possuem maior estabilidade comparativamente a reabilitacbes menos estaveis, como
por exemplo préteses removiveis com overdenture ou prétese fixa (Wismeijer et al.,
2011, Van der Bilt, 2011, Prado et al. 2015).

Na tentativa de resolver a diferenca na resiliéncia entre a fibromucosa e os elementos
dentais, varios autores sugeriram a colocagéo de implantes distais ao espago edéndulo,
para que o implante sirva como apoio a essa Prétese Parcial. Antes que a sela da prétese
intrua no tecido mole, encontra o dispositivo associado ao implante como anteparo
(Mitrani et al., 2003; Kuzmanovic et al., 2004; Liu et al., 2011; Wismeijer et al., 2011,
Campos et a., 2013, Gongalves et al.,2014). Espera-se com esse tipo de tratamento, que
exista maior estabilidade da prétese removivel, gerando melhor conforto do paciente
(Ohkubo et al., 2008; Grossmann et al., 2009; Liu et al., 2011). A utilizacdo de apenas
dois implantes pode diminuir significativamente o0s custos associados para esses
pacientes, tornando a solu¢cdo mais acessivel a parcela da populacdo que realmente
precisa do tratamento em virtude de perdas dentérias e restricdes financeiras (Mitrani et
al., 2003; Ohkubo et al., 2008; Grossmann et al., 2009).

Trabalhos presentes na literatura realizaram esse tipo de tratamento com a
instalagdo do implante dentario distal associado a dispositivos do tipo o’ring, 0 que nao
modifica realmente a classificacdo de Kennedy da arcada dental, ndo diminui a
sobrecarga aos dentes pilares com pouco suporte 6sseo conforme demonstrado em
estudos laboratoriais (Cunha et al., 2011; Verri et al., 2011). A avaliagdo da modificagédo
da Classe | de Kennedy para Classe lll com a instalagdo de proteses fixas sobre
implante, sé foi demonstrada em um estudo, e este ndo avaliou 0 desempenho a curto
ou longo prazo do dente pilar retentivo da prétese removivel, tendo avaliado apenas o
implante distal instalado (Gongalves et al., 2013; Campos et al., 2013; Gongalves et al.
2014).
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2. OBJETIVOS

Objetivo Geral

O objetivo deste trabalho € avaliar a performance mastigatoria através da habilidade de
mistura e da forca maxima de mordida de pacientes classe | de Kennedy, antes e apés a
instalacdo de dois implantes distais transformando-os em classe Il de Kennedy. Sera ainda
avaliado clinicamente por profundidade de sondagem e radiograficamente a sobrevida e
desempenho de dentes pilares e dos referidos implantes na situacdo descrita. O intuito €
demonstrar a viabilidade de uma técnica que melhore as condicfes gerais do tratamento
com uma reducao dos custos totais associados a uma reabilitacdo completa com implantes
dentarios. A satisfacdo geral do tratamento através de questionario de qualidade de vida
OHIP-19, validado para populacdo edéntula brasileira sera aplicado para se avaliar o
impacto do tratamento. A literatura pertinente sobre performance mastigatoria sera revisada
com o intuito de buscar uma padronizacéo ou protocolo em relacdo a uma possivel melhor
ou mais vantajosa forma de avaliacdo dentre as diversas disponiveis, procurando apontar
se ha hoje método mais eficiente, reproduivel e confidvel para utilizacdo. O alimento teste
goma de mascar, sera avaliado em relacdo a sua dureza e estabilidade de cor em diferentes
condicBes de temperatura e armazenamento, assim como os resultados obtidos de software
préprio para avaliacdo da eficiéncia mastigatoria. Em paralelo, um trabalho a respeito do
desempenho clinico dos mesmos implantes curtos Neodent WS, sera realizado em parceria

com o programa de pés-graduacédo da Faculdade de Odontologia da USP-Ribeiréo Preto.
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Objetivos especificos

Objetivo especifico 1

Capitulo 1 - Modifying Mandibular Kennedy Class | to Class Il by using
Implant-Assisted Removable Partial Dentures - A 3-year clinical trial with

Masticatory Performance and Quality of Life Evaluation

O objetivo do presente estudo foi avaliar a performance mastigatoria através da
habilidade de mistura e forca méxima de mordida, a qualidade de vida e o dente pilar da
protese removivel inferior (PPRI), apds a instalacdo de um implante dentario curto Neodent

WS e um cicatrizador e o apoio da PPRI sobre este implante/cicatrizador.

Objetivo especifico 2
Capitulo 2 - Masticatory function evaluation methods: Critical analysis of
selected literature.

Revisar a literatura criticamente em relacdo aos métodos de performance
mastigatdria disponiveis correlacionado os mesmos com as suas formas de
avaliacdo e obtencdo de resultados, e secundariamente, avaliar se € possivel
sugerir um método de avaliacdo de performance mastigatéria de acordo com o

perfil do paciente ou o tipo de tratamento instituido.

Objetivo especifico 3
Capitulo 3— Mandibular implant-assisted removable partial denture - Kennedy class | to
class Ill modification — Case series with masticatory performance and satisfaction
evaluation

Apresentar uma série de casos clinicos de 5 pacientes consecutivos e uma rapida
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avaliacdo de forca de mordida e habilidade de mistura e questionario de satisfacdo, com
0 objetivo de propagar este tipo de tratamento e conhecimento, além de servir como um

piloto para 0s nossos primeiros resultados da pesquisa.

Objetivo especifico 4
Capitulo 4 — Short dental implants in posterior single crowns: A five-year
follow-up of a trial study

Em parceria com a programa de doutorado da USP-Ribeirdo Preto, estudar o
desempenho de implantes curtos Neodent WS para reabilitacdes unitarias e
acompanhar os resultados clinicos e radiograficos desses implantes
correlacionando-os com as propor¢cdes de tamanho de coroa e proporgéo
implante/protese para coroas unitarias, hipotetizando que os mesmos teriam

desempenho semelhante a implantes considerados padrao/normais na literatura.
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ABSTRACT

Mandibular posterior bone atrophy may lead to a series of limitations of treatment options and it is
often necessary to initiate with previous reconstructive surgeries. An excellent treatment alternative
for atrophic posterior region is the use of short implants (< 7mm long). Transforming a Kennedy Class
I patient in a Class I11 with the use of posterior dental implant it is also an option. The objective of this
study is to present a prospective study of 15 consecutive Kennedy Class | patients with atrophic
posterior mandible treated with the placement of 1 short implant (WS Neodent®) and a healing screw
to support the removable prosthesis, transforming them into Kennedy Class 11 patients. All patients
were evaluated to verify the benefit of this treatment through masticatory performance evaluated with
maximum bite force and chewing ability. The OHIP-19 questionnaire was also applied to evaluate
changes in oral health-related quality of life. Fifteen patients were followed during research period.
Mean patient age was 66.6 years. Results were statistically significant with improvement in
masticatory performance for both mixing ability test and maximum bite force evaluation. Also, OHIP-
19 improved significatively for parameters concerning physical limitation, pain and discomfort.
Implant survival rate in this 3-year follow up was 93.52%, and few complications occurred. The
abutment tooth of inferior removable prosthesis also presented good clinical results and improved
probing depth of mesial face, bilaterally. Placement of short implants to support RPD in Kennedy Class
I mandibular patients transforming into Kennedy Class 111 patients has advantages such as low cost,
residual bone preservation, low morbidity, better masticatory loading distribution, enhanced
masticatory function and patient satisfaction. Also, patients may not be able or do not want to perform
complex reconstructive surgeries previous to dental implant placement could benefit to this treatment.
Additional implants could be placed in the future.

Keywords: Dental implants, masticatory performance, chewing, oral function, mixing ability.

Introduction
The number of patients with partially or multiple edentulism is still increasing.! Tooth loss,
especially the posterior teeth, may cause a disturbance in the stomatognathic system, affecting
sensorial and motor aspects that may interfere with the masticatory process.>* To overcome the
absence of the posterior teeth and recompose the aesthetic and masticatory function, a removable
partial prosthesis (RPP), fixed partial prosthesis, or implant retained prosthesis are recommended.?*
When the edentulism is posterior and bilateral (Kennedy Class | patient) and a removable dental

prosthesis (RPD) treatment is associated some disadvantages.>* Almost 40% of the partially
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mandibular edentulous patients are classified as Kennedy Class | and in approximately 60% of these
cases patients do not use this prosthesis.>’ This treatment is reported to present low retention and
stability making chewing difficult and producing pain in the mucosa that is compressed during
chewing.2® Increased carious lesions and periodontal disease in the abutment tooth are frequently
observed, due to vertical load and presence of clasps.®® During masticatory movements, missadapted
prostheses may lead to an excessive load on the residual bone, accelerating its resorption, making the
RPD displacement even more evident.2° This can also overload the RPD abutment tooth and lead to
periodontal breakdown.?% Aesthetics and inability chew some more consistent food are some of the
other complains.?®

Mandibular posterior bone atrophy may lead to a series of limitations of treatment options
especially due to anatomical consequences such as low bone quality, often insufficient height and
width of residual bone, superficialization of inferior alveolar nerve, and altered or increased occlusal
dimension.Z*! For those reasons, when an implant oral rehabilitation is proposed, it is often necessary
to initiate with previous reconstructive surgeries. In these cases, some sensitive techniques are
subjected to a series of complications.!' Also, when patients agree to be submitted to complex
reconstructive surgeries, they must be aware of the increased cost, treatment time and morbidity. Also,
they must be in good systemic conditions. An excellent treatment alternative for atrophic posterior
region is the use of short implants.*!?

Transforming a Kennedy Class | patient in a Class 11 with the use of posterior dental implant
is described in several studies.?™ Since the first systematic review published in 2012, 11 clinical
studies were added in the last systematic review published in 2019.34 But there is still a lack of
homogeneity between the published studies, in regard to the influence of type and implant position,
prosthesis rehabilitation, maxilla or mandible treatment, survival rates, complications, patient
evaluation between other topics.2® The consensus in regard of this treatment is that it improves patient
overall satisfaction with the RPD, masticatory efficiency, reduces mucosal compression and pain
during chewing, protects the RPD abutment tooth and is a low cost and treatment with few
complications and reduced time and morbidity associated. Also, torsional and bending forces in the
RPD and consequently in the residual bone and the abutment tooth reduces, with positive consequences
for both.232228 Few studies have also suggested that an increase in the maximum masticatory force
and mandibular motion can be enhanced.?3%816

Partially edentulous patients may change their nutritive patterns by chewing limitations, which
can lead to negative health and nutritional issues, and affect their quality of life.13152%31 When
posterior teeth are lost, it is common for patients to choose softer foods, usually composed of an excess

of carbohydrates and lowered in fruits, vegetables, proteins, and nuts, which consequently makes a
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less nutritive diet.**%2° Propper masticatory function is so important, that recent studies point to its
influence as an activity that protects cognitive function and prevents degenerative diseases of patient's
central nervous system.?*3! Masticatory function may be evaluated through maximum bite force,
masticatory performance, or chewing/mixing ability.3® These methods, which are used to evaluate the
masticatory function, have gained great popularity in the latest years, evaluating and comparing
treatments and their impact on the quality of life, chewing, and trying to project nutritional aspects for
the patients.268

The objective of this study is present a prospective study of 15 consecutive Kennedy Class |
patients with atrophic posterior mandible treated with the placement of 1 short implant bilaterally (WS
Neodent®) and a healing screw to support the removable prosthesis, transforming them into Kennedy
Class 111 patients. All patients were evaluated to verify the benefit of this treatment through masticatory
performance evaluated with maximum bite force and chewing ability. An OHIP-19 questionnaire was
also applied to evaluate the oral health-related quality of life. The null hypothesis formulated is that
implant placement bilaterally to support patient’s inferior RPD would not improve masticatory

performance of enhance quality of life.

MATERIALS AND METHODS
Study Design

This was a single-arm clinical trial performed at the school of Dentistry of the Federal University
of Uberlandia. This study was approved by the Ethics Committee of this University (CEP/UFU
260/11).

All participants possessed a Kennedy Class | mandibular arch opposing a completely edentulous
maxillary arch. Participation was voluntary and involved no patient cost — all participants signed an
informed consent explaining the research and treatment plan. All the surgical treatments were
performed by a same specialist in oral and maxillofacial surgery (RZA) with 15 years of experience.
Variables were accessed between January 2019 and December 2021. Patients were evaluated in regard
to masticatory performance through mixing ability test and maximum bite force satisfaction/quality of
life through the OHIP-19 questionnaire. Each abutment tooth of the inferior removable partical denture
(IRPD) was evaluated through a periapical radiography and periodontal probing. All those mentioned
tests and evaluation were previously tested and calibration in a pilot study with 3 consecutive patients.

Patients were evaluated before implant placement (T1) and 1-1,5 year postoperatively (T2). This
study was initially planned to be measured in 3 different postoperative moments. The first moments
were planned to be 2 to 4 months after implant 2° stage surgery for healing screw placement. Second

and third evaluation were planned after 1 and 2 years after initial evaluation. Unfortunately, due to the
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COVID-19 pandemics, and the forced closing of the Federal University and public Brazilian services
for elective treatments, authors had some setbacks in regard to the initial planning and all the
evaluations had to be reduced and accomplished in 1 moment postoperatively. This moment was
between 1 and 1 and a Half year after the healing screw was placed over the implant, in the moment
of the 2° stage surgery.

Patient Selection

Patients were completely edentulous in the maxillary arch and bilaterally edentulous in the
posterior mandible, characterized as Class | Kennedy, with all the anterior remaining teeth. Patients
must be wearing adequate total upper complete denture (UCD) and Inferior Removable Partial Denture
(IRPD). If necessary, new prostheses were made before surgical treatment. If any other clinical
treatment was necessary before surgery, they were also accomplished. Patients must have posterior
atrophic mandible, suitable to receive short dental implants, without the need for bone implant
reconstruction before implant placement. The bone volume should have between 5 to 8 mm in bone
height and 5 to 7mm in bone width. All those measurements were accomplished in a tomographic
evaluation. Patients should have good general health without uncontrolled systemic diseases or
parafunctional habits that could prevent the proposed surgery or treatment.

The number of patients was based in previous literature reports with sample calculation of a
minimum of 9 patients for a study with 80% power and 5% error probability.'>? Total number of
patients was fixed in 14, due to possible withdraws that might occur during the research. After the
initial patient search and selection, the study started with 18 patients. During this 3-year follow-up, 3
withdraws occurred due to different reasons. A total number of 15 patients were enrolled in this study
(Table 1).

All implants were Neodent® Titamax WS Medular short implants. These implants have internal
prosthetic screwed-in connical connection and triangular cutting threads, indicated for type 11l and 1V
bone, characteristic of the posterior mandibular bone. Implants were available in 4- or 5-mm width
and 5 or 6mm height. All patients were initially evaluated clinically and with panoramic and periapical
radiography (Figure 1). If patients enrolled the inclusion criteria and consent to the proposed treatment,
tomographic scanning were accomplished to finalize the evaluation of the inclusion criteria for bone

atrophy and to start treatment and surgical planning (Figure 2).

Surgery Protocol
All surgeries underwent the same protocol and were accomplished by the same experienced

surgeon and familiarized with Neodent® WS short implant system. Implants were placed at a
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maximum of 3 units of teeth after the abutment tooth of the IRPD, in the first or second molar region.
In other words, the most distal remaining teeth were incisors or canines (and consequently they were
the abutment teeth of the IRPD), the implant would be placed in the 1° molar region. If the last teeth
were premolars, the implant would be placed in the 2° molar region. All surgeries were accomplished
under local anesthesia in an outpatient manner, with minimal incision and surgical trauma. All implants
were placed following the sequence and recommendations of the manufacturer. A surgical guide and
a parallelizer guided the proper tridimensional position of the implant. This implant is meant to be
placed by the level of the bone crest. Figure 3 illustrate some of these surgical steps.

All treatments followed a 2-time surgical protocol, with reopening of the implant 4 months
after implant placement for osseointegration purposes. After this period, implants were exposed and a
healing screw were placed (Figure 4). In this moment, if necessary, adjustments were made in the
IRPD for proper adaptation of the prosthesis and occlusion of the patient. After 1 to 2 months, if
necessary and after soft tissue healing and accommodation, healing screws were replaced so they could
be at a maximum of 0.5mm above the soft tissue margin. This was accomplished so the dental implant
did not receive overload of excessive lateral forces that could jeopardize the treatment and
osseointegration as well as avoid overcontact on the IRPD of the patient (Figure 5).

Masticatory Performance Evaluation

Maximum Bite Force: Patients were evaluated through a bite force transducer (IDDK Kratos,
Cotia-SP, Brazil). Patients bit 5 times in the right and 5 times in the left side in the first molar region.
Mean value of the sum of the 5 bite measurements were calculated. All those procedures were applied
in T1 and T2. Patients were instructed to bite with the maximum force they could all the 5 times tested
(Figure 6).

Mixing Ability Test: This evaluation was accomplished with a chewing gum and visual
evaluation and classification of the degree of the mixed gum. Current literature supports that for
patients with compromise or reduced masticatory function (for instance, edentulous patients with RSP
and/or IRPD) this test is more suitable than comminution tests that uses harder test foods such as
Optosil/Optocal and sieving methods to evaluate the results. The hardness of this food test materials
might influence or prevent a proper masticatory performance of this group of patients.®*-* The mixing
ability test was done with the a two-colored chewing gum (Vivident Fruitswing Karpuz/Asai Uziimii,
Perfetti van Melle, Turkey) served as the test food. This chewing gum has 2 distinct colors, purple and
green and has already been tested in other studies for similar purposes. The test food was chewed in 5
different masticatory cycles, with, 5, 10, 20, 30 and 40 strokes. After each masticatory cycle, the

chewed gum was visually evaluated by 2 independent evaluators e classified in regard to its mixture
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level (Figure 7).

Patients were seated comfortably and all tests were performed chewing in the right side of the
mouth. Number of masticatory strokes (chewing cycles) was counted always by the same observer.
One-minute interval was used between each test to avoid muscle fatigue. All cycles were determined
randomly. All chewed gum were evaluated blindly after the patients finished all the 5 masticatory
cycles. After that, all the cycles was photographed using the same protocol and saved in a JPEG format.
Reference rating scale used to categorize the specimens is already validated in the literature3*% to
evaluate the level of mixture a 2-color gum for mixing ability test: Score 1 — gum not mixed, cuspid
impression or 1-time folded; Score 2 — large parts of the gum not mixed; Score 3 — bolus slightly
mixed; Score 4 — bolus well mixed, but color not uniform; and Score 5 — bolus perfectly mixed and
color uniform. Those parameters and protocols for evaluation chewing gums for mixing abilities tests

has already been verified, tested and validated in the current literature 364

Oral Health Impact Profile (OHIP-19)

OHRQoL evaluation was evaluated through the OHIP-19 questionnaire. This is validated a
questionnaire and that has been adapted for use in the Brazilian edentulous population.** This
questionnaire was applied in T1 and T2 and composed with 19 questions, divided in 7 subgroups or
categories which are: functional limitation, physical pain, psychological discomfort, physical
disability, psychological disability, social disability and handicap. The complete questionnaire and
questions are available in supplementary data (Table 6). Answer options can be never, sometimes or
always. For measurement of results, a conversion of the qualitative answers to a quantitative evaluation
was accomplished. The researcher that applied the questionnaire was not the surgeon who performed
all surgeries, so patients would not feel inhibited in giving the most sincere answer they would like to

answer.

Evaluation of the IRPD abutment tooth

The abutment tooth of the IRPD was accomplished throw periodontal probing and periapical
radiography. It was hypothesized that with the placement of the healing screw and support of the IRPD
over it, transforming in a Kennedy Class | to a Class I1l mandibular patient, the abutment tooth would
suffer from less masticatory load and might present stable or even increase the probing depth
evaluation and periapical bone height. Clinical periodontal probing was accomplished in a standard
manner, with probing depth of vestibular, mesial, distal and lingual faces of both abutment tooth.

Statistical Analysis
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Data were tabulated (Excel for Windows, 365 version) e then exported a statistical package (IBM
SPSS Statistics — Version 21.0). Initially the between-examiner agreement test for visual analysis of
the chewing gum was verified by the Kappa test. Results pre-operative and post-operative for visual
analysis of mixing ability test (visual analysis of the chewing gum), demonstrated a good level of
agreement between the observers (pre-Kappa 0,65 and post Kappa 0,72, p<0,05). Then, for numeric
variables, it was accomplished the normal distribution test of Kolmogorov-Smirnoff.

Chi-square test and the exact Fisher test were also used. Both evaluation from the observers were
united, in the pre-operative (T1) and post-operative (T2) periods, therefore having, a total number of
30 “participants”. To compare means values of the tests, a paired Student's T tests were used for
samples with normal distribution and the Wilcoxon test for samples with non-normal distribution. For
the evaluation of the OHIP-19 qualitative questionnaire, scores were given to the answers for means
of a quantitative evaluation (1 - never; 2 - sometimes and 3 - always) and then the means of these

scores were compared, in a paired manner. The level of significance was set at 5%.

RESULTS

Subjects

Eighteen patients started the study and implants were placed. Three patients dropped out the study
during the follow up period; all justified health issues to not attend to appointments due to COVID-19
restrictions.

The age of participats ranged from 55 to 81 years (mean age 66.6 years; 6 male and 9 female). A
total of 36 implants were installed. Two implants were lost in a 3-year follow-up, with a cumulative
survival rate of 93.5%. Only 30 implants were considered for statistical analysis of masticatory
performance, OHIP-19 questionnaire and probing depth. A total of 13 implants were 4 x 5mm and 17
implants were 4 x 6 mm (Neodent WS Implants). All demographic data from 18 patients and
complications associated are described in Table 1. All collected data from 15 patients for quantitative
and statistical analysis can be found in Table 8 (supplementary data).

Masticatory Performance Evaluation

Maximum bite force increased significantly after the IRPD was supported by implants and healing
screw, for both right (p -0009) and left side (p -005), comparing T1 and T2 (Table 2). When both sides
were compared between themselves, before or after the implant was placed, there was no significative
difference (Table 3).

For the Mixing Ability Test results were statistically significant for 5, 20, 30 and 40 masticatory
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cycles between preoperative (T1) and postoperative period (T2). The visual evaluation from both
observers (R.Z.A. and R.0.D.), was added to total number of chewed gums in all 5 moments of
masticatory cycles, totalizing 30 chewed gums for each of cycles for all patients (Table 4).

The level of agreement between observers for visual analysis was also tested. First, both
observers were calibrated in a pilot study. The number of cycles, visual analysis and its 5 different
classifications based on the level of the mixed color of the gum, has already been validated in the
literature.333* The results of the level of agreement between the observers was substantial, giving a
good weight to visual evaluation for mixing ability test for masticatory performance purpose (Table
5). Results for 10, 20, 30 cycles were substantial and the postoperative cycle of 5 strokes and 40 strokes
were perfect. It is a sensitive test and just a few numbers of disagreement between the observers can
lead to poor results. Both pre- and post-operatively were substantial (Table 5).

Oral Health Impact Profile (OHIP-19): results where statically significant for all 3 questions on
functional limitation (questions number 1, 2 and 3), and for physical limitation (questions number 10,
11, 12). Also, they improved in 2 of 4 for physical pain (questions number 5 and 7), and for 1 of 2 for
psychological limitation (question number 14) (Table 6). For the other qualitative group of questions
which were, physical psychological discomfort (questions number 9 and 10); social limitation
(questions number 15, 16 and 17) and handicap/incapacity (questions number 18 and 19), there was
no significative changes or improvement (Table 6).

IRPD clinical Probing Depth: Clinical probing depth was significative improved in both mesial faces
of the IRPD abutment teeth (Table 7). In the left side, the lingual side also showed significative
improvement. Vestibular and distal sides did not show improvement from the baseline clinical probing
depth.

DISCUSSION

In this study, the null hypothesis was rejected, meaning that implant placement led to significantly
better masticatory performance and OHRQoL. Also, the IRPD abutment teeth showed good clinical
results in the postoperative evaluation.

In the past years, studies that focus on the relationship between masticatory function, its systemic
benefits, nutritional status and quality of life has been deeply studied and discussed.*>** Recent studies
have related a proper masticatory function and its influence as an activity that protects cognitive
function and prevents central nervous system degenerative diseases.*>*® The RPD for Kennedy Class
| patients may lead to poor retention, stability, and due to the absence of support in the posterior teeth,

the mucosa is compressed when chewing is taking place, producing pain and discomfort.>4° This
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treatment is associated with overall dissatisfaction and, in approximately 60% of the cases, patient
abandon the use of this prosthesis.>**?* When Kennedy Class | patients seek for other treatment
options, it is quite common to present with mandibular posterior bone atrophy. In these cases, it is
often necessary to initiate with previous reconstructive surgery, which are often sensitive techniques
with potential to increase treatment costs, time and morbidity considerably.'?** An excellent treatment
alternative for the atrophic posterior region avoiding several of this issue is the use of short implants.”>!

It is important to mention the overall survival rate of 93.5% for short implants (Neodent WS) in
the 3-year follow up in our study. Both losses happened before the loading of the healing screw, in the
moment of the 2°-stage surgery, due to lack of osseointegration. Some aspects may affect the
osseointegration of short implants in cases of atrophic posterior mandible. One of them is the presence
of dense cortical walls (vestibular, lingual and crestal) in an atrophic bone. In some cases, is the “only
available bone” to place the dental implant and this is not the “ideal” bone since it can has less blood
supply vascularity and available bone cells to interact biologically to the titanium implant over time.
It is worth remembering and mentioning that all these cases were cases of atrophic mandible, and in
some of them, the available alveolar bone was the limit between bone availability and implant size.
Approximately 5-6mm in alveolar bone height and 5mm in alveolar bone thickness for a 4x5mm thick
implant and bone height. This may lead to a lack of adequate blood supply to promote bone repair,
which can be intensified when implants are installed with high torques.>>® Also, this is an implant
indicated by the manufacturer (Neodent®) to be placed at the crestal level, and it is expected that some
degree of bone resorption due to the surgical trauma and the years to come will take place.>*>* For a
short implant, this “natural” peri-implant bone loss can be proportionally significative.>>* Due to
anatomic characteristics, some of the cases were placed in an intra-osseous manner, an showed good
clinical results.>> This is an issue to be further investigated, if the placement of short implants one or
2mm intra-osseous can lead to better clinical and radiological results, with better survival rates. The
surgeon experience and especially the Morse taper connection played an important role in the stability
of the healing screw and the low incidence of complications of the treatment.5256-5¢

Placement of short implants to support bilateral free end mandibular prosthesis is being published
in the literature.?® 13-16.18-28 Thjg treatment has some advantages for the patient such as low treatment
cost, preservation of the residual bone, reduced morbidity treatment option, better loading distribution
in the pillar removable prosthesis teeth (and increased tooth survival), increased speech ability and
masticatory function, better prosthesis stability and comfort during chewing, and ultimately, enhanced
satisfaction and patient quality of life.?® It has already been suggested that 3 masticatory units are
sufficient to create a significative positive outcome in the masticatory performance of patients (short

dental arch).? In our study, placement of the implant, if in the 1° or 2° molar region, would depend on
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the remaining abutment teeth.® The position of the short implant must be carefully planned to aim the
support the RPD and even make it possible (if so desired), to the placement of additional implants for
a fixed partial prosthesis. Systematic reviews demonstrated good survival rates for this type of
treatment, varying between 91.7 - 100%, similar to other mandibular regions used exclusively to
support implant fixed prosthesis, which are in agreement this study.>° Only 1 study used short implant
(4mm implants) in the mandible and a locator attachment for Kennedy class I and 11 patients to support
an IRPD.Y" They had 2 losses, with survival rates within a 4-year follow-up of 94.3%, similar to these
results.t’

These results demonstrated the improvement of masticatory performance, when evaluating the
parameters of mixing ability and maximum bite force. It may be considered that the visual assessment
and classification for the mixing ability test, despite following a measurement that is standardized and
validated in the literature, may have some subjectivity. To increase the reliability of results and
assessment, both evaluators were calibrated in a pilot study and the results of their evaluations in these
studies were tested with good level of agreement. An interesting result observed in regard to the mixing
ability test was the significant difference in a few chewing cycles, in this case, with only 5 masticatory
cycles. This result was not initially expected, since a small number of masticatory cycles, in general,
for a treatment that does not present a very significant change in the patient's oral dental rehabilitation,
is not expected to present such a large change in the masticatory performance in few chewing
cycles.*373% However, because there is an increase of comfort, adaptation and confidence of patients
in chewing and with an increased bite force, these results have been positive. From 20 chewing cycles,
these results were already expected to be found significant, as they were for 30 and 40 cycles. The
expressive results regarding significant improvement in maximum bite force of patients in
postoperative period, proves the effectiveness of the treatment in dividing the masticatory loads and
sparing the soft tissues and alveolar bone of the patient. This simple support of a healing screw over
an implant transforming a Kennedy Class | patient in a Kennedy class Il patient, almost increased in
2 times the maximum bite force of the overall group of patients. It is important to emphasize that
although there are several methods and test foods to evaluate the masticatory performance, several
studies have already compared, validated and studied the chewing gum for these purposes.®*2’ In
general, the use of chewing gums to evaluate mixing ability is justified to have some advantages as a
test food, i.e., simplicity of application, texture and flavor pleasant to the patient, non-adherence to
prostheses and quick and simple to be performed. Also, the evaluation method employed to obtain the
results is considered simple, reliable and with low cost.>33¢ Literature suggest that 20 masticatory
cycles already has the potential to discriminate and compare patients and treatments. 333

OHIP-19 questionnaire is developed from the OHIP-49 questionnaire. This is a validated and
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translated questionnaire adapted and its reliability and reproducibility tested and validated for a
Brazilian edentulous population.®®® The OHIP questionnaire determines the impact oral conditions
on aspects of function, daily living, and social interactions in seven domains.®® These results clearly
show us that the improvement of these patients is Physical and Functional. There is a direct
improvement in the matter of having a better distribution of masticatory loads without overloading the
mucosa and alveolar bone, allowing the patient to have a proper masticatory function and to chew
harder foods, without generating pain in the edentulous region and produce functional limitation. We
might extrapolate in a qualitative point of view, that the patients' nutritional pattern is expected to
improve, as with a better masticatory performance, it allows the possibility to enhance the diet profile,
including harder and more consistent foods, such as almonds, fruits, vegetables, protein and more
fibrous food. Studies have already mentioned the improvement and change in nutritional pattern with
the increase in masticatory performance diverse oral treatment, 36163

The clinical follow-up was positive regarding the RPD abutment tooth. Radiographically, changes
at the level of the alveolar bone were not observed. The results showed an improvement, with a
decrease in probing depth especially on the mesial faces in both abutment teeth bilaterally. This is an
interesting result, because due to the support of the niche and the RPD clasp resting on the distal face
of the abutment tooth, it was expected to be on the distal face of the abutment teeth. The improvement,
however, was on the mesial face, which shows that this face also suffers from occlusal overload, and
is also benefited from the better distribution of occlusal loads. In regard to have good clinical results
and stable periodontal status, our results are similar to some clinical trials reported in the literature.*
64-66

Placement of short implants to support RPD in Kennedy Class | mandibular patients transforming
in Kennedy Class Il patients has advantages such as low cost, residual bone preservation, low
morbidity, better masticatory loading distribution, and enhanced masticatory function and patient
satisfaction. This treatment was associated with very few complications and they were easy to solve
(i.e. healing screw changes that can be loosen, although this was not common). Especially in countries
with many patients with missing teeth and socio-economic difficulties to be fully rehabilitated with
dental implants and fixed prosthesis treatment options with reduced costs are important to be in
armamentarium of possibilities. Also, patients may not be able or do not want to perform complex
reconstructive surgeries previous to dental implant placement, and if necessary or if they want, they
can evolve to the insertion of a full crown and additional implants in the future. This are preliminary
results and further follow-up up to 5 and 10 years are planned, including periapical radiographic

measurement of bone loss around the implant as an added parameter to be evaluated.
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FIGURES

Figure 1 — Preoperative intraoral photographs. A, B, C. Preoperative intraoral photographs using upper complete

denture and lower partial denture. D, E, F. Frontal and lateral intraoral photograph without the removable

dentures showing residual ridge depth and bone atrophy. G, H, I. Photographs of the upper complete denture

and lower partial denture used by the patient before implant placement
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Figure 2 — Preoperative radiographic and tomographic images. A. Preoperative panoramic radiography. B and
C, Periapical radiographs of the pillar teeth for the removable prosthesis, the right canine, and left lateral incisor.
D, E. Computed tomography of the regions planned for implant placement. It is possible to see the bone atrophy

on the mandibular posterior region on both sides.
St

Figure 3 — Implant surgery placement. All surgeries followed the same protocol. A. Alveolar ridge incision and

periosteal tissue detachment. B. After the 2.0 drilling, a parallelizer was placed to check the correct
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tridimensional position of the implant to be inserted. C. Implant engaged and torque measuring. D. Implant

installed with a cover screw in a bone level manner.

Figure 4 — Reopening surgery after 4 months of osseointegration period. A,C. A small incision is accomplished
to expose the implant. B, D. Silk suture was placed on both sides after the cover screw was properly selected

and torqued.

Figure 5 — In the follow-up periods, if the healing screw were more than 1mm above the soft tissues, they were

changed to a smaller one. A, C. Soft tissue aspect without the healer bilaterally. B, D. Replacement of the healer
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on the right side and left side respectively.

Figure 7 — Photographic image of the chewed gum for visual assessment for the mixing ability test evaluation.
A, Chewed gum after 5 chewing cycles. B, Chewed gum after 10 chewing cycles. C, Chewed gum after 20

chewing cycles. D, Chewed gum after 30 chewing cycles. E, Chewed gum after 40 chewing cycles.
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Figure 8. OHIP-19 scale results. The questions are related to the group of qualitative domains: 1,2,3 Functional
limitation; 4, 5, 6,7 Physical Pain; 8 , 9 Psychological discomfort; 10, 11, 12 Physical limitation; 15, 16, 17
Social limitation; 18, 19 — Incapacity/Handicap.
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Table 1. Demographic data from the 18 consecutive patients. 03 patient’s dropout the during the follow-up
period. 15 patients were included for statistical analysis. 02 implants were lost before healing screw were

placed and new implants were installed surgically

Patient | Age | Gender Systemic Implant Healing Screw Complication
Condition Size
1 70 Male Hypertension 4x6 1,5mm LS (was 3.5)
Heart Surgery 4%6 2,5mm RS (was 3.5)
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2 67 | Female Diabetes 4X6 0,8mm LS (was 3.5)
Hypertension 4x5 2,5mm RS (was 3.5)
3 62 | Female Hypertension 4x6 2,5mm LS (was 3.5) Pain
Diabetes 4x6 0,8mm RS
Hypothyroidism
4 59 | Male - 4x5 1,5mm LS
4x5 3,5mm* RS (was 2.5)
5 58 | Female Diabetes 4x5 0,8mm LS (was 1.5)
4x5 0,8mm RS (was 2.5)
6 75 Male Hypertension 4x5 2,5mm LS (was 3.5)
Artrosis 4x6 1,5mm RS (was 2.5)
7 78 Male Cerebrovascular 4x6 1,5mm RS (was 2.5)
accident 4.6 1,5mm LS (was 2.5)
8 81 Male Hypertension 4x6 1,5mm LS
Hipercolesterolem 4x6 0,8mm RS
ia
9 62 | Female 4x5 1,5mm LS (was 2.5) Pain
- 4x5 3,5mm* RS (was 2.5)
10 78 Female Diabetes 4x5 3,5mm LS 01 implant loss
Hypertension 4x5 3,5mm RS
Heart Surgery
11 67 | Female - 4x6 1,5mm LS -
4x6 2,5mm RS
12 66 Male Hepatitis C 4x5 2,5mm RS 01 implant loss
4x6 1,5mm LS
13 60 | Female - 4x6 3,5mm LS
4x6 2,5mm RS -
14 64 Female Diabetes 4x5 1,5mm LS
Hypertension 4x5 0,8mm RS -
15 55 | Female Hypertension 4x6 1,5mm LS
Arthritis 4x6 0,8mm RS
Uterus Surgery
16 Female Hypertenstion 4x5 ? -
Dropout Diabetes 4x6
17 Female - 4x6 3,5mm LS
Dropout 4x6 0,8mm RS -
-18 Female - 4x5 ? -
Dropout 4x5

Table 2. Maximum bite force (MBF). The mean values are measured in Kg/F. They were evaluated in

the right and in the left side in the First Molar Region. Results were significant in the pre-operative

(T1) and post-operative evaluation (T2).

Maximum Bite Force (MBF)
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Deviation

Mean error p
Right side T1 MBF 6,5264 15 4,66744 0,009*
T2 MBF 10,8987 15 8,68034
Left side T1 MBF 7,0101 15 3,55712 0,005*
T2 MBF 11,4813 15 7,41363

Table 3. Comparative Maximum bite force between right and left side in T1 and in T2. There was no

significative difference between MBF comparing patient sides.

Mean Maximum Bite Force Right side X Left side

Mean N Deviation error P
Right T1 Right Side 6,7220 15 4,56099 0,690
side T1 Left Side 7,0101 15 3,65712
Left T2 Right Side 10,8987 15 8,68034 0,318
side T2 Left Side 11,6736 15 7,65459

Table 4. Mixing Ability Test. There are 5 visual scales 1. Gum not mixed, cuspid impression or 1 time

folded; 2. Large parts of the gum not mixed; 3. Bolus slightly mixed; 4. Bolus well mixed but color

not uniform; 5. Bolus perfectly mixed and color uniform. For statistical mean purposes, it was added

the visual evaluation from both observers, RZA and ROD, totalizing a n of 30 chewed gums.

Masticatory T1 - Chewed gum n| % T2 — Chewed gum ni % p
cycle description description

05 cycles
1. Gum not mixed, cuspid 21 | 70,0% | 1. Gum not mixed, cuspid 5 | 16,7% | 0,013*
impression or 1 time folded impression or 1 time folded
2. Large parts of the gum not 9 | 30,0% | 2. Large parts of the gum not 22 | 73,3%
mixed mixed
3. Bolus slightly mixed 0 0% | 3. Bolus slightly mixed 3 | 10,0%

10 cycles
1. Gum not mixed, cuspid 8 | 26,7% | 1. Gum not mixed, cuspid 0 0% 0,52
impression or 1 time folded impression or 1 time folded
2. Large parts of the gum not 19 | 63,3% | 2. Large parts of the gum not 15 | 50,0%
mixed mixed
3. Bolus slightly mixed 3 | 10,0% | 3. Bolus slightly mixed 14 | 46,7%
4. Bolus well mixed but color not 1 | 3,3% | 4.Boluswell mixed butcolornot | 1 | 3,3%
uniform uniform

20 cycles
1. Gum not mixed, cuspid 6 | 20,0% | 1. Gum not mixed, cuspid 0 0% | 0,000*
impression or 1 time folded impression or 1 time folded
2. Large parts of the gum not 11 | 36,7% | 2. Large parts of the gum not 5 | 16,7%
mixed mixed
3. Bolus slightly mixed 13 | 43,3% | 3. Bolus slightly mixed 18 | 60,0%
4. Bolus well mixed but color not 0 0% | 4. Bolus well mixed but colornot | 7 | 23,3%
uniform uniform

30 cycles
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1. Gum not mixed, cuspid 2 | 6,7% | 1. Gum not mixed, cuspid 0 0% | 0,002*
impression or 1 time folded impression or 1 time folded
2. Large parts of the gum not 9 | 30,0% | 2. Large parts of the gum not 1| 3,3%
mixed mixed
3. Bolus slightly mixed 13 | 43,3% | 3. Bolus slightly mixed 9 | 30,0%
4. Bolus well mixed but color not 6 | 20,0% | 4. Bolus well mixed but color not | 20 | 66,7%
uniform uniform
40 cycles
2. Large parts of the gum not 7 | 23,3% | 2. Large parts of the gum not 0 0% | 0,008*
mixed mixed
3. Bolus slightly mixed 11 | 36,7% | 3. Bolus slightly mixed 0 0%
4. Bolus well mixed but color not 10 | 33,3% | 4. Bolus well mixed but color not | 22 | 73,3%
uniform uniform
5. Bolus perfectly mixed and color | 2 | 6,7% | 5. Bolus perfectly mixed and 8 | 26,7%
uniform color uniform

Table 5. Level of agreement between observers in the analysis of the chewed gum for the mixing ability test

purpose. Both observers analyzed in the 5 visual scales after the patients chewed the gum after 5, 10, 20, 30 and

40 masticatory cycles. The level of agreement is classified in weak, moderate, reasonable, substantial and

perfect.
Evaluation Period Kappa value p Level of agreement*
T1 Pre-operative 5 masticatory cycles 0,526 0,039 Moderate
10 masticatory cycles .619 0,02 Substantial
20 masticatory cycles .688 0,00 Substantial
30 masticatory cycles .706 0,00 Substantial
40 masticatory cycles .344 0,02 Reasonable
Total kappa score 0,650 0,00 Substantial
T2 Post-operative 5 masticatory cycles .688 .000 Substantial
10 masticatory cycles .250 284 Reasonable
20 masticatory cycles 524 .006 Moderate
30 masticatory cycles 571 013 Moderate
40 masticatory cycles 1 0,00 Perfect
Total kappa score 0,72 0,00 Substantial

Table 6. OHIP-19 Results. The questions are related to the group of qualitative domains: 1,2,3 Functional
limitation; 4, 5, 6,7 Physical Pain; 8 , 9 Psychological discomfort; 10, 11, 12 Physical limitation; 15, 16, 17

Social limitation; 18, 19 — Incapacity/Handicap. Mean results were significative for all the 3 questions on

Functional limitation (1, 2 and 3), and for Physical limitation (10, 11, 12), and they were improved in 2 of 4 for

Physical pain (5 and 7), and for 1 of 2 for Psychological limitation (14).

Mean Standard p
Question Evaluation Period Results N deviation
1. Difficulty chewing T1 - Pre-operative 2,6667 15 61721 0,00*
T2 - Post-operative 1,6667 15 , 712375
T1 - Pre-operative 2,6667 15 61721 0,007*
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2. Food catching T2 - Post-operative 2,0000 15 ,75593

3. Dentures not fitting T1 - Pre-operative 2,6667 15 61721 0,003*
T2 - Post-operative 1,8000 15 , 77460
4. Painful aching T1 - Pre-operative 1,8000 15 , /7460 0,09
T2 - Post-operative 1,4667 15 ,63994
5. Uncomfortable to eat T1 - Pre-operative 2,2667 15 ABT74 0,015*
T2 - Post-operative 1,7333 15 ,88372
6. Sore spots T1 - Pre-operative 1,6000 15 63246 0,67
T2 - Post-operative 1,6667 15 ,61721
7. Uncomfortable dentures T1 - Pre-operative 2,4000 15 ,63246 0,003*
T2 - Post-operative 1,7333 15 ,88372
8. Worried T1 - Pre-operative 2,0667 15 , 70373 0,21
T2 - Post-operative 1,8000 15 ,86189
9. Self-conscious T1 - Pre-operative 2,2000 15 ,86189 0,138
T2 - Post-operative 1,8000 15 ,86189
10. Avoids eating T1 - Pre-operative 2,2000 15 67612 0,028*
T2 - Post-operative 1,8000 15 ,67612
11. Interrupts meals T1 - Pre-operative 1,9333 15 ,96115 0,014*
T2 - Post-operative 1,4667 15 ,63994
12. Unable to eat T1 - Pre-operative 1,6667 15 12375 0,028*
T2 - Post-operative 1,2667 15 A5774
13. Upset T1 - Pre-operative 1,6667 15 ,81650 0,499
T2 - Post-operative 1,5333 15 ,63994
14. Has been embarrassed T1 - Pre-operative 1,6667 15 ,61721 0,009*
T2 - Post-operative 1,2667 15 ,59362
15. Avoids going out T1 - Pre-operative 1,2667 15 ,99362 0,271
T2 - Post-operative 1,0667 15 ,25820
16. Less tolerant of others T1 - Pre-operative 1,2667 15 , /0373 0,33
T2 - Post-operative 1,1333 15 ,51640
17. Irritable with others T1 - Pre-operative 1,3333 15 12375 1
T2 - Post-operative 1,3333 15 , 712375
18. Unable to enjoy company T1 - Pre-operative 1,4000 15 /3679 0,055
T2 - Post-operative 1,0667 15 ,25820
19. Life unsatisfying T1 - Pre-operative 1,7333 15 ,88372 0,271
T2 - Post-operative 1,5333 15 , 714322

Table 7. Clinical probing depth. Improvement was significative improved in both mesial and in the left lingual
surface of the IRPD pillar tooth.
Probing Depht

Deviation
Mean N error p
Right side T1 Mesial 2,7857 14 ,89258 0,015*
T2 Mesial 2,2500 14 47027
Right side T1 Distal 1,9231 13 ,64051 0,29
T2 Distal 1,7308 13 ,59914
Right side T1 Vestibular 1,6786 14 , 72343 0,189
T2 Vestibular 1,4643 14 ,49862
Right side T1 Lingual 1,6429 14 , 74495 0,165
T2 Lingual 1,3571 14 ,49725
Left Side T1 Mesial 2,4643 14 ,63441 0,022*
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T2 Mesial 2,1429 14 ,53452

Left Side T1 Distal 2,0714 14 ,82874 0,051
T2 Distal 1,6786 14 ,46439

Left Side T1 Vestibular 1,5714 14 ,51355 0,082
T2 Vestibular 1,3571 14 ,49725

Left Side T1 Lingual 1,8214 14 ,54091 0,005*
T2 Lingual 1,3214 14 ,42095

Table 8 Supplementary. Measurement off all the collected data from the 15 consecutive patients. Visual analysis

from the chewed gum from both observers, Bilateral maximum bite force and clinical probing depth. All the

data in preoperative (T1) and 1 to 1.5 year postoperative (T2). RZA and ROD are the observers.

Patient Chewing Gum - Visual Analysis Maximum Bite Force Probing Depth
Cycles T1 T1 Tl Tl T1RS | T1LS | T2RS | T2LS T1 Tl T2 T2
RZA ROD RZA ROD RS LS RS LS
1
5 cycles 1 1 2 2 19 bite 10.50 6.60 8.95 10.95 Mesial 1 1 2 1
10 cycles 2 2 2 2 22 bite 8.50 16.35 7.25 11.50 Distal 1 1 1 1
20 cycles 3 2 4 3 32 bite 7.90 14.00 8.45 11.20 | Vestibular 1 1 2 1
30 cycles 3 3 4 4 42 bite 9.75 12.35 8.20 12.20 Lingual 1 2 2 1
40 cycles 3 4 5 5 59 bite 9.50 14.25 8.30 14.80
2
5 cycles 1 2 2 2 19 bite 4.70 7.30 9.95 6.30 Mesial 3 2.5 3
10 cycles 2 2 3 2 22 bite 6.60 6.10 9.25 8.20 Distal 2 1 2 1
20 cycles 3 3 3 3 32 hite 9.40 4.80 9.45 6.80 Vestibular 1.5 1 1.5 1
30 cycles 3 3 3 3 49 bite 5.25 4.55 7.95 6.95 Lingual 1 1.5 1 1.5
40 cycles 3 4 4 4 52 bite 4.10 2.70 7.75 7.90
3
5 cycles 2 1 2 2 19 bite 1.85 3.75 7.15 8.10 Mesial 2 2 1.5 2
10 cycles 3 3 2 3 22 bite 2.15 4.20 7.09 7.45 Distal 1 1 1 1.5
20 cycles 3 3 3 3 32 bite 3.40 3.25 8.35 9.70 Vestibular 1 1 1 1
30 cycles 4 4 4 4 49 bite 2.80 4.60 8.65 10.25 Lingual 2 1 1 1.5
40 cycles 4 4 4 4 52 bite 2.30 4.15 5.35 9.20
4
5 cycles 1 1 2 2 19 bite 4.35 8.50 14.60 9.75 Mesial 2 2
10 cycles 2 2 4 3 29 bite 3.20 10.95 | 12.80 | 10.75 Distal 2 2
20 cycles 1 1 2 2 39 bite 3.45 10.35 | 10.75 9.65 | Vestibular 1 2
30 cycles 1 1 2 3 49 bite 3.20 9.95 10.50 11.10 Lingual 1 3
40 cycles 2 2 4 4 52 bite | 4.55 7.95 9.75 | 11.60
5
5 cycles 1 1 1 1 19 bite 4.65 4.75 7.20 7.35 Mesial 3 2 2.5 2
10 cycles 2 1 2 2 29 bite 4.85 6.00 6.80 7.25 Distal 2 3 2 2
20 cycles 3 2 3 2 39 bite 3.50 5.65 6.20 8.45 | Vestibular 1 1 1 1
30 cycles 3 2 4 4 42 bite 5.40 3.90 8.15 9.65 Lingual 1 1 1 1
40 cycles 4 3 4 4 52 bite 6.15 4.20 7.90 9.80
6
5 cycles 1 1 2 2 19 bite 12.65 11.40 16.60 27.75 Mesial 3 3 3 2
10 cycles 2 2 3 3 29 bite 19.70 | 11.40 | 22.60 | 28.95 Distal 3 2 2 1
20 cycles 1 1 4 4 32 bite 17.35 14.05 30.35 29.75 | Vestibular 2 1 1 1
30 cycles 2 2 4 4 42 bite 19.35 10.35 36.80 34.35 Lingual 3 2 1 1
40 cycles 3 2 5 5 52 bite 19.35 11.90 39.10 36.15
7
5 cycles 2 2 19 bite 14.05 12.00 13.90 12.80 Mesial 2 2 2
10 cycles 3 2 3 2 22 bite 10.80 11.10 11.70 13.25 Distal 2 2 2
20 cycles 3 3 4 4 32 bite 10.80 8.30 11.45 14.65 | Vestibular 1 1 1 1
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30 cycles 4 4 4 4 42 bite 11.90 10.5 9.50 9.65 Lingual 1 1 1 1
40 cycles 4 5 5 5 52 bite 12.00 10.1 12.20 12.70

8
5 cycles 1 1 1 2 19 bite 2.15 4.20 3.05 4.45 Mesial 2 2.5 2 2
10 cycles 1 1 2 2 22 bite 2.80 3.50 4.00 4.55 Distal 2 2 1 1
20 cycles 1 1 2 2 32 bite 3.45 2.25 3.20 3.55 Vestibular 2 2 1 2
30 cycles 2 2 3 3 49 bite 2.50 2.75 4.15 4.20 Lingual 2 2 2 2
40 cycles 2 2 4 4 592 bite 2.65 2.80 4.25 3.90

9
5 cycles 1 1 2 2 19 bite 3.50 7.35 5.50 8.40 Mesial 3 3 2 3
10 cycles 1 1 2 2 22 bite 4.30 7.10 5.55 7.55 Distal 1 2 1.5 2
20 cycles 2 2 3 3 32 bite 4.10 5.90 5.10 8.95 Vestibular 1 2 1 1
30 cycles 2 2 3 3 49 bite 2.85 5.90 5.10 8.10 Lingual 1 2 1 1
40 cycles 3 3 4 4 592 bite 3.90 7.65 6.30 7.60

10
5 cycles 2 2 1 1 12 bite 8.95 10.80 15.50 8.65 Mesial 3 3 2 3
10 cycles 2 2 3 3 22 bite 8.80 4.20 15.80 10.90 Distal 1 2 1.5 2
20 cycles 3 3 3 4 32 bite 11.15 6.50 10.70 7.45 Vestibular 1 2 1 1
30 cycles 3 3 4 4 49 bite 8.65 5.95 9.74 9.00 Lingual 1 2 1 1
40 cycles 3 4 4 4 59 bite 9.75 7.30 8.25 7.95

11
5 cycles 1 1 2 2 19 bite 5.15 3.40 7.05 10.25 Mesial 5 3 3 2
10 cycles 1 1 3 3 29 bite 6.10 4.95 8.45 11.05 Distal 3 3 2 2
20 cycles 2 2 3 3 32 hite 5.50 5.80 10.20 12.05 | Vestibular 3 2 2 2
30 cycles 3 2 4 4 49 bite 6.75 6.10 9.45 13.05 Lingual 1 2 1 2
40 cycles 2 2 4 4 52 bite 5.30 5.01 10.02 14.05

12
5 cycles 2 2 2 3 19 bite 4.00 4.30 11.40 10.85 Mesial 3 2 2 2
10 cycles 2 2 2 2 29 bite 3.65 5.50 8.80 12.85 Distal 2 4 3 2
20 cycles 2 3 3 3 39 bite 3.15 6.0 8.15 14.25 | Vestibular 2 2 2 2
30 cycles 3 3 4 4 49 bite 3.75 6.0 6.20 13.55 Lingual 2 3 2 2
40 cycles 4 4 4 4 52 bite 3.50 6.0 9.10 10.50

13
5 cycles 1 1 2 2 19 bite 3.60 2.65 6.80 7.80 Mesial 3 2 2 2
10 cycles 2 1 3 2 29 bite 4.45 4.65 6.30 7.55 Distal 2 2 2 2
20 cycles 2 2 3 3 39 bite 4.45 3.20 6.45 6.80 | Vestibular 2 2 2 1
30 cycles 3 3 4 3 42 bite 4.10 4.45 6.75 6.80 Lingual 3 2 2 1
40 cycles 3 3 4 4 52 hite 6.00 4.50 6.25 7.70

14
5 cycles 2 2 3 3 19 bite 14.40 9.15 29.20 25.25 Mesial 3 3 3 2
10 cycles 2 2 3 3 29 bite 15.30 9.85 28.95 | 15.00 Distal 2 2 1 2
20 cycles 3 3 4 3 39 bite 16.20 | 18.90 | 32.05 | 27.70 | Vestibular 2 2 2 2
30 cycles 4 4 4 4 42 bite 11.20 16.30 34.80 29.95 Lingual 2 2 1 1
40 cycles 4 5 5 5 59 bite 7.50 10.65 | 34.35 | 26.10

15
5 cycles 1 1 2 2 19 bite 1.50 1.90 2.95 2.70 Mesial 3 3 2 2
10 cycles 2 2 2 3 22 bite 2.05 2.85 2.70 3.20 Distal 2 2 2 2
20 cycles 2 2 3 3 32 bite 2.50 2.50 3.15 2.95 Vestibular 3 2 2 2
30 cycles 2 3 3 4 42 bite 2.10 2.55 2.95 3.80 Lingual 2 2 2 1.5
40 cycles 3 3 4 4 59 bite 2.50 2.65 3.30 3.30
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ABSTRACT

Objective: To identify the ideal and/or most suitable masticatory function assessment
methodology or treatment for each group of patients. Material and Methods: A survey was
carried out in the MEDLINE, Science Direct, and Embase databases for articles published since
1990. The articles were initially selected by their titles and abstracts, and after application of
inclusion and exclusion criteria, some were selected for full text reading. The studies were
submitted to qualitative, quantitative, and bias analysis. Results: Of the 1,514 studies retrieved
in the initial search, 51 were selected for complete analysis. Advantages of the test foods
Optocal and Optosil included reliability and standardization capacity, while their disadvantages
included high processing time and hardness. Wax was mentioned for its ease of chewing and
testing speed, with the disadvantages of handling and the influence of temperature, in addition to
low palatability. Chewing gum exhibited a speedy and easy way of testing, low cost, and
reliability, in addition to commercial availability. Conclusion: Among the existing methodologies,
those that were used in few studies or not validated require additional data, and for now, their
indication is not recommended. Optocal and Optosil should be indicated for patients who do not
have impaired chewing function. Chewing gum is a more suitable test food for patients with
impaired chewing. Its practicality in being used in tests and evaluation of results makes it a more
comprehensive indicator for different types of patients, treatments, or needs to assess
masticatory function.

Key Words: mixing ability; oral function, masticatory performance, chewing, test food
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INTRODUCTION

Mastication is a physiological process that involves food fragmentation. Its harmonious
performance depends on various structures such as the tongue, teeth and muscles for its proper
function (Elsig et al., 2015; Hiiemae, 2004; Tada & Miura, 2017). Satisfactory masticatory function
will influence the nutritional status and yield a better quality of life (Elsig et al., 2015; Hiiemae,
2004; Onozuka et al., 2003; Sheiham et al., 2001; Tada & Miura, 2017). Propper masticatory
function is so important, that recent studies point to its influence as an activity that protects
cognitive function and prevents degenerative diseases of the patient's central nervous system (Elsig

etal., 2015; Momose et al., 1997; Okamoto et al., 2010; Onozuka et al., 2003; Sheiham et al., 2001).

Masticatory function can be assessed by masticatory performance and by masticatory efficiency.
These terms are also ambiguous and can cause some confusion in the literature, and that may
lead to compare different test methods and lead to a misjudgment in the current literature
(Gongalves et al., 2021; Van der Bilt & Fontijn-Tekamp, 2004). Chewing performance refers to
the chewing outcome after a determined number of chewing cycles (Gongalves et al., 2021,
Schimmel et al., 2015; Van der Bilt & Fontijn-Tekamp, 2004). Chewing efficiency is referred to
the number fo chewing cycles needed to obtain a particular chewing outcome (Gongalves et al.,
2021; Schimmel et al., 2015; Van der Bilt & Fontijn-Tekamp, 2004). Simplifying those terms,
chewing performance is an individual's ability to grind solid foods in a certain number of
masticatory cycles, and/or masticatory efficiency, which is the number of cycles needed for the
test food particles to reach a size suitable for swallowing (Gongalves et al., 2021; Schimmel et
al., 2015; Van der Bilt & Fontijn-Tekamp, 2004). The tests and the methods of evaluation for
them are different and must be evaluated separately (Gongalves et al., 2021).

A person's masticatory function, more specifically, his masticatory performance, can be
assessed using a wide variety of natural or artificial “test foods”, chewed through a number of
predetermined masticatory cycles to observe the degree of food comminution or fragmentation.
The evaluation of the average size of the chewed particles of a test food will determine the

results, and it is often carried out using sieving methods (single or multiple) (Goncalves et al.,
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2021; Van der Bilt & Fontijn-Tekamp, 2004). Test foods include those from natural sources, such
as carrots, almonds, and coffee beans, and artificial sources, such as Optosil and Optocal
(Eberhard et al., 2012; Neves et al., 2015; Schimmel et al., 2015; Vaccaro et al., 2016).

Another way of evaluating masticatory function is the mixing ability test (chewing efficiency),
which analyzes an individual's ability to form a cohesive and homogeneous bolus (Asakawa et
al., 2005; H. Sato et al., 2003; Van der Bilt & Fontijn-Tekamp, 2004). The mixing ability test index
of masticatory function is based on the mixture of color and shape of a given food stuff (Asakawa
et al., 2005; H. Sato et al., 2003; S. Sato et al., 2003). This method was validated when
compared to the sieving method (H. Sato et al., 2003; S. Sato et al., 2003). For this type of test,
some studies used commercial or specially developed chewing gums to analyze mixing ability;
others used paraffin cubes, each citing specific advantages over other masticatory function
assessment methods (Fueki et al., 2008; Kamiyama et al., 2010; Liedberg & Owall, 1995;
Speksnijder et al., 2009). This type of evaluation employs several ways to obtain results, such as
software to evaluate the pixels of the formed images, a visual scale, or a colorimetric analysis
(Kamiyama et al., 2010; Schimmel et al., 2007; Vaccaro et al., 2016). Other forms of evaluation
using gummy jellies, fuchsin capsules, gelatin, and silicone are also cited (Buschang et al., 1997;
Escudeiro Santos et al., 2006; Felicio et al., 2008; Reitemeier et al., 2012; Tanaka & Shiga,
2018; Yamamoto & Shiga, 2018).

In view of the several different methods and test foods used to evaluate masticatory/chewing
performance and chewing efficiency, as well as their respective ways of obtaining or evaluating
results. There is still no consensus in the literature on the best method to evaluate masticatory
performance or which method should be indicated for a specific group of patients (Gongalves et
al., 2021; Kapur & Soman, 2006). It is thus necessary to distinguish these tests from one another
in relation to their main objective and the type of treatment instituted, in addition to the
physiological characteristics of the patients under evaluation (Gongalves et al., 2021; Kapur &
Soman, 2006). The objective of this study was to carry out a literature review to identify which
masticatory function evaluation tests are currently available, their respective indications,

advantages and disadvantages, and their availability and ease of use, with a view to suggest
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which test would be more suitable according to the dental condition under evaluation.

MATERIAL AND METHODS

Procedure
The authors selected articles based on the inclusion and exclusion criteria. All potentially eligible
studies were analyzed and included. All disagreements were analyzed between members and
eliminated through discussion with the researchers, thus leading to a consensus. This research
does not have the intent to be a systematic review of the literature, but some specific care so that

the most rigorous methodological criteria could be applied to this literature review were taken.

Search strategy
Two independent reviewers (RZA and RSM) conducted an electronic survey of the
PubMed/Medline, Science Direct, and Embase databases searching for articles published in
English between January 1990 and June 2021. The keywords used were: “masticatory
performance”, “masticatory efficiency”, and “masticatory cycle”. A manual search was performed
in the following relevant journals in the field within the stipulated period: Clinical Implant Dentistry
and Related Research; Clinical Oral Implants Research; International Journal of Oral and
Maxillofacial Implants; International Journal of Oral and Maxillofacial Surgery; Journal of Oral and
Maxillofacial Surgery; Journal of Periodontology; Journal of Prosthodontics; Journal of
Craniofacial Surgery; Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology; and the

Journal of Prosthetic Dentistry. All titles were analyzed, and the relevant ones were selected

according to the inclusion criteria. Any disagreement between the authors was eliminated.

Study selection criteria
The initial study selection consisted of an analysis of the article title and abstract. Prospective
and retrospective studies were both included, given the existence of few randomized controlled
studies. Subsequently, eligible studies were analyzed and included or excluded from the total
sample. Thus, the population, the intervention, the comparison and the outcome (PICO), as

recommended by PRISMA, were determined as a questioning criterion for organization of a clear
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clinical question with an appropriate inclusion focus, and although this is not a systematic review
of the literature, we tried to follow some of the PRISMA recommendations so that this review
could extract reliable results from the included works and evaluated data (29).
Population or participants: Patients subjected to masticatory evaluation who had or had not
undergone dental treatment rehabilitation.
Intervention: All methodologies that evaluated masticatory performance or efficiency.
Comparison: Two or more methods of evaluating masticatory performance or efficiency in the
same study or in comparison to other studies.
Outcome: To analyze the advantages, disadvantages, reliability and availability/ease of each
masticatory performance evaluation method.

Inclusion criteria

A. Studies published since 1990.

w

Studies in English.

Studies in humans.

© O

Studies with at least five patients evaluated.

m

Studies that conducted the masticatory performance or efficiency test with any
researched or available test food, with the masticatory evaluation being the main

factor under study

Only studies that offered parameters for comparison between the included/evaluated studies
were included.
Exclusion criteria

A. Duplicate studies.

B. Studies related to orthodontic therapy; for example, assessment of masticatory
efficiency before and after orthodontic treatment or who underwent orthognatic
surgery.

C. Studies related to advanced surgeries such as bone reconstruction and zygomatic

implants.
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D. Studies whose main focus was prosthetic and/or surgical rehabilitation treatments
and not masticatory performance itself.

E. Invitro assays and biomechanical studies.

F. Studies that emphasized systemic aspects or pathologies, such as the use of
bisphosphonates and osteoporosis, radiotherapy, chemotherapy, and cleft patients.

G. Articles that only focused on prosthesis reconstruction, without elucidating the
characteristics of the evaluation of masticatory performance or efficiency.

H. Systematic reviews or reviews that addressed the topic. These studies were used

only as theoretical parameters for discussion.

Evaluation of the quality of studies
The evaluation of the quality of the studies was performed using the scale and bias classification
of the included studies of the National Health and Medical Research Council (NHMRC)
(Commonwealth of Australia®, National Health and Medical Research Council, Melbourne,

Australia, https://www.nhmrc.gov.au/sites/default/files/images/appendix-f-levels-of-

evidence.pdf). The studies were classified as randomized controlled trial, prospective cohort, or
retrospective cohort clinical studies.
Data analysis
Data were obtained following the order: first author, journal and year of publication; bias
classification; test food used; number or time of masticatory cycles; type of instituted or
compared treatment; dentulous or edentulous patients; number of patients and average age;
and result assessment method. When present, information about the advantages and

disadvantages of the test food and evaluation method was also collected.

RESULTS

Figure 1 shows the number of articles surveyed, from identification in the databases to
guantitative and qualitative analyses. The database search yielded 1,514 articles. After analysis
of the titles according to the inclusion and exclusion criteria for duplicate articles, 161 articles

were selected for title and abstract reading, of which 81 were excluded. The remaining 80
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articles were fully read. Of these 80 articles, 47 were included for the analysis, in addition to 4
other papers searched in specialized journals that were also included. After application of the
inclusion and exclusion criteria, 51 articles were selected for complete quantitative and
qualitative analysis.

Table 1 presents the detailed information from the analysis of collected data and methodology of
selected articles and information described in the methodology used. Author, Year of publication,
level of evidence/risk of bias, type of testing food, the number of masticatory cycles used to
obtain the results, the type of instituted or compared treatment (and if dentate or edentulous), the
number of patients and average age and the form of evaluating the results are all describe in
Table 1.

Table 2 presents information about each test food used in the selected articles,
specifically in relation to their respective advantages and disadvantages. The evaluation method
and data on the type of instituted treatment or evaluated patient and the test food evaluation form
are also presented therein.

The main advantages described for the Optocal test food were good reliability and the
standardization of its properties (Speksnijder et al., 2009). Nevertheless, this test food still
presented some reported disadvantages, such as high time-consuming processing to evaluate
the results and difficulty experienced for some participants in chewing, due to its hardness
(Molenaar et al., 2012; Speksnijder et al., 2009). The Optosil test food presents the same
advantages and disadvantages as Optocal, but Optosil has even greater hardness in chewing
specially for patients with impaired masticatory function or tooth loss (Slagter et al., 1993; Van
der Bilt et al., 2010).

The only selected article that used Optozeta reported that this test food is both more
mechanically stable in the first 7 days and harder compared to Optocal (Khoury-Ribas et al.,
2018).

Regarding chewing gum, the main advantages described were related to the ease of being used
in evaluation and processing, in addition to being a fast, low-cost, and reliable method

(Anastassiadou & Heath, 2001; Schimmel et al., 2015; Van der Bilt et al., 2010). Some chewing
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gums are no longer commercialized or have undergone reformulations (Schimmel et al., 2015).
Paraffin-based wax was used either in cube or two-colored tablet forms, with the literature
reporting its quickness, ease of chewing, and bolus formation as advantages, whereas
unpalatability, adherence to prostheses, and the influence of temperature were reported as
disadvantages (Asakawa et al., 2005; H. Sato et al., 2003; Speksnijder et al., 2009).

Test methods involving gummy jelly were described as cheap, fast, and easy to perform
(lwashita et al., 2014). In the selected articles, no disadvantage was described.

The main advantage for the group of natural foods was the participants' familiarity and taste with
chewing a test food. Its main disadvantage was that standardization of the mechanical
properties , making the comparison of results between studies difficult or even impossible
(Sugimoto et al., 2012).

The “others” group included different test foods used in only one study or which are no longer
available. In addition to these foods having different physical properties, their main disadvantage
is difficulty of access.

Table 3 presents the overall information on the methods of assessing masticatory function using
a given test food. The form of evaluation, with their specific advantage or disadvantage,
according to the studies reviewed is described. The description of the evaluation method and
how it is managed is also described. Based on the literature reviewed, some comments and
notes of the authors were also included.

The term “gold standard” was used by some authors when applying multiple sieving as a test
food evaluation method (Eberhard et al., 2012; Molenaar et al., 2012; S. Sato et al., 2003;
Schimmel et al., 2015). Its advantages include reliability and the possibility of both determining
the average particle size and comparing inter- and intra-individual results (Eberhard et al., 2012;
Molenaar et al., 2012; S. Sato et al., 2003; Schimmel et al., 2015). Also, comminuted particles of
the test food selected can be analysed by optical scanning, and the results converted to a
particle size distribution (Gongalves et al., 2021; Van der Bilt & Fontijn-Tekamp, 2004). Its
disadvantages include the time necessary for multiple screening, the need for several steps, and

the dependence on specific devices such as screens and scales (Van der Bilt & Fontijn-Tekamp,
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2004). The cost of this equipment can also be a limiting factor for this type of analysis.

The single sieve method differs from the previous method in that it uses only one sieve with a
diameter determined by the average particle size. In general, its advantages and disadvantages
are similar to those of multiple sieving, but it is simpler and requires no further statistical analysis,
making it more fast and easier than multiple sieves. The main disadvantages when compared to
multiples sieves is that it is less detailed, which renders comparisons among individuals more
difficult and less reliable (Goncalves et al., 2021; Van der Bilt & Fontijn-Tekamp, 2004).

On the other hand, digital analysis of images of test foods mixed after chewing can occur through
Variance of Hue (VOH), special heterogeneity and optical scanning. The most commom method
is with a software that identifies pixels within the image, corresponding to the portions of the test
food that were mixed or not (Prinz, 1999; Schimmel et al., 2007; Schimmel et al., 2015;
Speksnijder et al., 2009; Van der Bilt et al., 2010). Software used for this purpose was not
developed specifically for but rather adapted to this type of evaluation, such as those derived
from Adobe Photoshop (Schimmel et al., 2007; Speksnijder et al., 2009). The Viewgum software

(ViewGum© software, dHAL Software, Greece, www.dhal.com) was specifically developed to

evaluate mixing ability from the digital image obtained through photographing or scanning two-
colored chewing gums. Evaluation using such software presents ease, reliability, speed, and low
cost as advantages; the need to repeat the acquisition of the image or the reading by the
software may pose as disadvantages for this method (Prinz, 1999; Schimmel et al., 2007;
Schimmel et al., 2015; Speksnijder et al., 2009; Van der Bilt et al., 2010) 1019213137 The analysis
of the mixture of two-colored food stuff or of jelly candies can be performed visually using scales
or scores as pre-established parameters , with the advantage of low cost, good reliability,
simplicity, and speed (Igarashi et al., 2019; Komagamine et al., 2011, Liedberg & Owall, 1995;
Schimmel et al., 2007; Schimmel et al., 2015). Another method described to analyze color
changes in test foods was the use of a colorimeter (Aimaijiang et al., 2016; Hama et al., 2014;
Kamiyama et al., 2010; Komagamine et al., 2011; Ohira et al., 2012).

There are other devices such as glycosensors (glucose sensor) that can measure the sugar

content decrease in the test food used, correlating it with the chewing capacity (lwashita et al.,
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2014; Tanaka & Shiga, 2018; Yamamoto & Shiga, 2018), or spectrophotometers to quantify
fuchsin granules, which are currently no longer commercially available (Cazal et al., 2016;

Escudeiro Santos et al., 2006; Felicio et al., 2008).

DISCUSSION

Over the last decade, the relationship between masticatory function, its systemic benefits, and
guality of life has been widely discussed and studied. Some studies have indicated that
masticatory performance is one of the most important parameters in relation to the nutritional
level and quality of life of elderly patients, while some have reported on the importance of
increasing or maintaining masticatory capacity as a favorable factor to healthy aging and
preservation of some cognitive functions (Lee et al., 2014; Locker & Grushka, 1987).

This literature review did not include studies that applied only masticatory function evaluation as
a way to obtain data after instituting specific dental, prosthesis and/or implant treatments. Only
studies that presented a complete, detailed description of the relationship between the results of
proposed treatments or specific groups of patients, based on the different methodologies for
assessing masticatory function (regardless of which methodology was used) were considered.
The use of a judicious methodology for the selection and evaluation of the articles included in
this review allowed us to compare the test foods and their respective forms of evaluation to
evaluate the results from the literature published over the last 32 years.

Test foods/materials published in few studies that have clear disadvantages regarding their use,
evaluation or standardization or that are not commercially available (such as fuchsin capsules,
beads or artificial foods) have not been fully discussed in this review (Buschang et al., 1997;
Escudeiro Santos et al., 2006; Felicio et al., 2008). Although they might have had good results in
their previous studies published, the impossibility of continuous use or comparison does not have
clear benefits for the purpose of this literature review (Buschang et al., 1997; Escudeiro Santos
et al., 2006; Felicio et al., 2008).

Natural foods were used as the first test foods in earlier publications, and were gradually

replaced by artificial foods, which have standardized properties (Eberhard et al., 2012; Manly &
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Braley, 1950; Sugimoto et al., 2012). The advantage that natural foods present regarding the
pleasant taste and the participants' familiarity when chewing does not overcome the
disadvantage of non-standardized samples, rendering a comparison of results unfeasible
(Eberhard et al., 2012).

Paraffin-based wax cubes have been used in few studies, and although they have advantagens
such as low cost and availability; their disadvantages, including the relationship between
temperature and hardness of this food stuff, the need to handle samples before they are used, its
unpalatability, and its adherence to patients' prostheses, do not justify their use (Asakawa et al.,
2005; S. Sato et al., 2003; Speksnijder et al., 2009).

Gummy jellies have been published in several studies, but they have not yet been validated in
comparison to other masticatory performance evaluation methods or food tests. Also, their use
with defined protocols has not yet been established, making it difficult to interpret results, apply
intergroup comparisons, and appraise the factors that may influence outcomes (Komagamine et
al., 2019; Tanaka & Shiga, 2018; Uesugi & Shiga, 2017; Yamamoto & Shiga, 2018). The
evaluation methods to obtain the results for the gummy jelly’s have not been fully validated
and/or compared to other stablished and validated masticatory performance methods. The
collection and rinsing, the preparation of the dissolution of the ingredients to evaluate results,
make necessary trained personel, making it more difficult to reproduce, to measure and to
compare results (Goncgalves et al., 2021). For these reasons, the aforementioned materials
should not constitute, nowadays, the first choice in the assessment of masticatory performance.
The most frequently used food test material in the literature are Optosil® (a condensation
silicone used in dental moldings), Optocal (the first test food developed exclusively for assessing
chewing performance among the included articles), and chewing gums (reported in the largest
number of articles to date). The use of Optosil was justified by some authors due to the
possibility of determining the sample format and size (not feasible with natural foods), and the
ease in standardizing its physical properties, in addition to it not being degraded by saliva
(Pocztaruk et al., 2008; Slagter et al., 1993; Van der Bilt et al., 2010; Van der Bilt et al., 1987).

Optocal was developed to be a softer test food than Optosil (Slagter et al., 1993; Van der Bilt et
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al., 2010) 332, The hardness of Optosil makes it difficult to use it as a test food to assess
masticatory performance in individuals with impaired masticatory function, such as patients with
full and/or removable dentures, and patients with neuromuscular disorders (Goncalves et al.,
2021; Slagter et al., 1993; Van der Bilt et al., 2010). Optocal is composed of Optosil itself
incorporated with other components such as petroleum jelly, alginate powder, plaster powder,
and toothpaste, rendering it softer than Optosil. The components used in its preparation need to
be carefully dosed in order not to change its mechanical properties. Maybe this might be the
biggest limitation among the comminution tests. The importance of choosing the correct
population and the food test will directly impact the results of the masticatory performance,
specially when trying to compare results from patients with different oral conditions or submitted
to different dental reahabilitation (Gongalves et al., 2021).

Due to the need for preparation and adequate handling of Optocal/Optosil, and the fact that
chewing gums are commercially available and therefore readily disponible for use, they are
currently used in a greater number of studies to evaluate masticatory performance (Liedberg &
Owall, 1995; Schimmel et al., 2015; Silva et al., 2018; Van der Bilt et al., 2010). It is important to
emphasize that this methods are mixing ability tests, and some of the studies published tend to
guote or compare them with chewing performance methods, and this comparison may lead to
bias or misjudgment of results. In general, the use of chewing gums to evaluate mixing ability is
justified by the ease of obtaining the test food, the speed and simplicity of the test application,
and the reliability and cost of the evaluation method employed (Schimmel et al., 2015; Van der
Bilt et al., 2010). The texture and flavor of the gums, as well as the non-adherence to prostheses,
are other advantages of this method, thus presenting the same advantages as natural food stuffs
(Silva et al., 2018). Their quick and simple assessment make them available for different
professional environments such as dental offices, hospitals, psychiatric and geriatric wards. In
regard to the number of cycles needed, most of the studies published have different chewing
cycles employed in their methodologies. The literature tends to suggest that 20 chewing strokes
have the vest discriminatory characteristics to compared patients and treatments (Gongalves et

al., 2021).
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The form of processing and obtaining the results of the selected test food to evaluate masticatory
performance is a key factor and must be carefully considered when determining the choice of
test material. It is thus important to know how the chosen processing takes place, its advantages,
and its possible limitations. In fragmentation tests, which is the case with Optosil and Optocal,
the most commonly used result processing form is multiple sieving as it constitutes a very
reliable method (Van der Bilt & Fontijn-Tekamp, 2004). However, the number of studies
employing screening methods as an initial choice decreased mainly due to the large number of
steps necessary for its processing and the need to have a specific scale and sieves. The time
consuming and the costs of the sieving methods are high when compared to some of the other
available methods. Also, comminution tests are sensitive to changes in bite force, dental state
and other possible oro-facial system changes, making it not suitable for all types of patients
(Gongalves et al., 2021). All these advantages and disadvantages and comparison are listed in
Table 3. The analysis of mixing ability can occur in several different ways, with digital or visual
methods (Halazonetis et al., 2013; Schimmel et al., 2015; Silva et al., 2018; Van der Bilt et al.,
2010). The method of processing chewing gums (currently, software specific to this purpose) has
been one of the greatest advantages of using this material (Halazonetis et al., 2013; Schimmel et
al., 2015). Such software programs have been validated in the literature and present reliable,
easy, and quickly measurable results (Schimmel et al., 2015; Silva et al., 2018). Due to their
practicality, low cost, and fast results, chewing gums are presently the most used test food to
evaluate masticatory performance, and have been suggested for research on large populations
(Liedberg & Owall, 1995; Schimmel et al., 2007). It is worth mentioning that the limits of this test
are not yet known in relation to different types of dentition.
The articles selected in this literature review varied between satisfactory or poor after
assessment of the risk of bias according to the NHMRC scale, so their results should be
interpreted with caution. In view of the various test foods and forms of processing available to
assess masticatory function, each with its specific advantages and disadvantages, it is
suggested that the ideal evaluation method has yet to be fully developed or standardized,

especially when we thing in a universal method of evaluation that might be suitable to perform
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to individual groups of patients or treatments, and possibly to compare them. The
standardization or adequacy of masticatory function evaluation will allow great evolution in
understanding the importance of mastication and its impact on a patient’s systemic health. It is
imperative to understand the differences and indications among the evaluation methods of

chewing performance and chewing efficiency.

Our results showed Optocal and Optosil) were used more in studies with participants who
present high chewing performance (patients with implants or patients with complete normal
dentition). We suggest after this extensive and critical review of the literature that comminution
tests (with Optosil and Optacal and evaluated through multiple sieving methods) may be used
only for this “group” of patients and should no be indicated to patients with impaired oral
conditions or diminished masticatory function. They are very reliable and can be used to
compared treatments outcomes (before and after). Chewing ability, evaluated mostly by mixing
ability tests, and in this case, with commercially gums evaluated by open and free software’s,
are more suitable and should be the first choice for patients with total or partial removable
prostheses, elderly patients (with reduced masticatory muscle strength), children, geriatric
patients, patients with neurological disturbances or any other oral disfunction, such as after
ressective oral surgeries. In an attempt to standardize masticatory performance evaluation
methods, especially in clinical, hospital and research settings that evaluate patients with age-
deficient chewing, edentulism or systemic changes, the use of chewing gum seems to be the
most indicated procedure for its practicality, low cost, reproducibility, and easy results. Also, to
obtain epidemiological data and evaluate large samples of population they are more suitable. It
should be noted that the protocols for using chewing gum for each patient profile still need to
be further explored, and that additional studies are needed to identify which factors can
influence the physical properties of commercially available chewing gums and consequently

alter their results.
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Table 1 — Data and methodology of selected articles.

Type of
Author Level of instituted or
. . Number of compared Number of patients and Form of evaluating
Evidence | Testing food
Year cycles treatment average age the results
NHMRC
(dentate or
edentulous)
10 (Optocal, only
Slagter??, Optocal, for the dentate ND;
n=14; mean 58 years Sieving
1993 -2 Optosil group), 20, 40, 60 cD
and 80 MC
“Implants”: n=40, mean 58,3
years; “"Root-overlay”: n=19,
mean 59,7 years;
“Low bone height”: n=13, mean
59 years;
ND;
Fontijn- “High bone height”: n=13,
5,10,20,40 e 60 Partially dentate;
Tekamp®s, Optocal Plus mean 59 years; Sieving
-2 MC OD;
2000 “Shortened arch”: n=14, mean
CD
58,1 years;
“Complete arch”: n=14, mean
54,1 years;
“Complete arch”: n=19, mean
22,7 years
ND (some n=176: 123W and 53M; Multiple and single
Van der
Optocal Plus 15MC presented mean 42,1 and 44,9 years, sieve method
Bilt?, 2004 -3
posterior losses) respectively (comparison)
n=60: 10W and 10M, mean Adobe Photoshop
Wax 5, 10, 15, e ND;
Bi-colored wax 58,2 years; software, CS3 extended
Speksnijde 20 MC; CD upper, OD
cube; 9W and 11M, mean 62,2 years; | to the evaluate the wax;
r'®, 2009 " -2 Optocal 15 MC lower;
Optocal Plus 10W and 10M, mean 60,5 years | Sieving method for the
CD
Optocal
Optocal and n=40: 15w and 5M, mean 72,1 Software ADOBE
Optosil;
Van der Optosil: 15 MC ND; years (elderly); PHOTOSHOP CS2,
Optocal;
Bilt3!, 2010 -2 (only for the PT 14W e 6M, mean 24,0 years version 9.08, to evaluate
Chewing Gum
young group); (young) the gum;
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Chewing gum: 10,

Sieving for the Optocal

20 MC and Optosil
ND;
fixed implant
prosthesis upper
n= 15 aged 20-28;
and lower;
n= 8 aged 55-80;
Neves!?, fixed implant
Optocal 40 MC n= 14 aged 55-80; Sieving
2015 -2 prosthesis upper,
n= 16 aged 30-76;
CD lower;
n= 16 aged 30-76
CD upper, OD
lower;
CD
Miranda®, Until they felt the CD n=40: 27W and 13M, mean
Optocal Multiple sieving
2019 -3 desire to swallow oD 66,2 years
Sieving;
Particle analysis by
scanning and processing
Eberhard'? n=20: 10W and 10M, mean 24
Optosil Comfort 15MC ND in the software (Image J
, 2012 AV years
1.42q; Wayne Rasband,
National Institutes of
Health, MD, USA))
Rovira-
n=42: 23W and 19M, mean
Lastra®, Optosil 20 MC ND Sieving
AV 26,8 years
2014
n=35: 23W and 12M, mean 37
Khoury- ND;
Optosil years;
Ribas3, 20 MC RPD, CD; Sieving
v Optozeta Retest with n=15: 11W e 4M,
2018 IPP

mean 34 years
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3,7,14,28 MC
for the whole

cube and half of

the cube (with 9

cubes per test); 2,

n=8: 4W and 4M, mean 23,6

Liu%®, 2018 Optosil 3,7, 14 MC for ND Sieving
v year
half cube (with 4
cubes per test); 1,
2,3, 7 MC for
half cube (with 2
cubes per test)
Chewing gum ND;
Visual analysis of the
developed from CD; GA- n=25: 20W and 5M, aged
GA: 10, 20, 40, mixing ability, with
Liedberg'’, SOR-BITS® RPD; 32-82 years;
60, 80, 100 MC score from1to 5
1995 -2 (A/S Alfred Absences without | GB- n=20 The article does not
GB: 10 MC according to the scale
Benzon, prosthetic cite the age this group
made by the author
Copenhagen) rehabilitation
Digital image analysis
Chewing gum
Prinz®, n=10: 3W and 7M; through “Graphics
Bubble 5, 20, 30 MC ND
1999 v The article does not cite the age | Unbiased Measurement
YumTM®
System (GUMS)”
n=8: A formula is applied to
4 chewing G CD: n=5 aged 58-76 years; check the weight loss of
Anastassia gums: Freedent; ND; G ND: n=3 aged 26-42 years the gum in three
5, 10, 20, 30 MC
dou?, 2001 -2 Dentine-Ice; CD (The author does not cite moments and relate to
Elma-f; Pita neither the gender nor the the masticatory
average age) performance
Chewing gum Visual analysis with
Hubba-Bubba score from 1 to 5 (of
Schimmel? Tape Gums of 5, 10, 20, 30 e 50 n=20: 11W and 9 M, mean 27,5 non-flattened gum);
ND
, 2007 v two flavors and MC years Software Adobe

colors (blue and

pink) united

Photoshop Elements

2.0®
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20, 40, 60, 80,

Chewing gum n=11 for scale calibration Colorimeter (CR-13;
100, 120, 140,
Kamiyama! xylitol that phase; Konica-Minolta, Tokyo,
160, 180, 200 MC ND
8,2010 v changes color n=18 examiners to perform Japan);
at a speed of 1
when chewed visual analysis of the gum Visual scale
cycle per minute
Chewing gum
Komagami xylitol that 20, 40, 60, 80, n=45: 22W and 23M, mean Colorimeter;
ND
ne%’, 2011 v changes color 120, 160 MC 29,8 years Visual scale
when chewed
Chewing gum n=70: 34W and 36M, mean 5,4
Colorimeter (CR-13;
Ohira“, xylitol that 2 minutes of years
ND Konica-Minolta, Tokyo,
2011 -2 changes color mastication n=28: 14W and 14M, mean 5,3
Japan)
when chewed years
Chewing gum
Software Adobe
Hubba-Bubba
Molenaar3® Anterior: 20 MC; n=10: 4W and 6M, mean 30,3 Photoshop Elements
Tape Gums ND
, 2012 v Posterior: 20 MC years 2.0%, to evaluate the
Goma (azure
gum
and White)
Chewing gum
Hubba-Bubba Software (ViewGum®
Halazonetis Tape Gums of 5, 10, 20, 30 e 50 n=20: 9W and 11M, mean 27,5 software, dHAL
ND
522013 -3 two flavors and MC years Software, Greece,
colors (blue and www.dhal.com)
pink) united
Calibration: 20,
Chewing gum
40, 60, 80, 100, Colorimeter (CR-13;
Hama*, xylitol that ND; G ND - n=42, mean 26,8 years;
120, 160, 200 Konica-Minolta, Tokyo,
2014 -2 changes color CD G CD - n=47, mean 74,9 years
MC; Japan)
when chewed
Test: 100 MC
Chewing gum Removable
Aimaijiang xylitol that dentures of n=38: 18W and 20M, mean 69
100 MC Colorimeter
422015 -3 changes color patients who years

when chewed

underwent
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mandibulectomy

or glossectomy

(red and white)

G2- 21W and 19M, mean 73

and 71 years respectively

3 chewing
gums: Hubba- Software (ViewGum®
Bubba Tape n=20: 10W and 10M, mean software, dHAL
ND;
Schimmelt? Gum; LotteTM; | 5, 10, 20, 30, 50 30,3 years Software, Greece,
CD upper, OD
, 2015 -2 Vivident MC n=15: 10W and 5M, mean 74,6 www.dhal.com)
lower
Fruitswing years Visual analysis with
Karpuz/Asai score from 1to 5
Uzumu
Software MATLAB
(MPAT V10,
Chewing gum
Perceptodent Project,
Trident® of two
Vaccarol?, 3,6,9, 12,15, 18, n=250: 130W and 20M, mean University of Malaga,
colors and ND
2016 v 21,25 MC 25 years Spain,
flavors united
http://perceptodent.lcc.u
(red and white)
ma.es) to evaluate the
gum
Software (Adobe
Chewing gum
Elmoula®8, n=58: 21W and 37M, mean Photoshop CS5; Adobe
(does not cite 20 MC CD
2017 v 61,59 years Systems Inc) to evaluate
the gum brand)
the gum
Software (ViewGum®
Chewing gum
software, dHAL
Vivident
Silva®?, 5, 10, 20, 30, 50 n=75: 51W and 24M, mean 0Software, Greece,
Fruitswing CD
2018 -3 MC 67,1 years www.dhal.com)
Karpuz/Asai
Visual analysis with
Uziimii
score from 1to 5
Chewing gum n=120
S Formula-based
Trident® of two | G1:0,5, 10, 15, G1- 41W and 39M, mean 25
Vaccaro®, ND (G1); system for the
colors and 20 MC; years;
2018 -2 CD (G2) calculation of the index
flavors united G2: 20 MC

mix to gums
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ND upper, RPD

lower;

Chewing gum n=34
ND; Software (ViewGum®
Vivident G OD: n=15;
Nogueira®, CD upper, OD software, dHAL
Fruitswing 20,50 MC G CD: n=19;
2018 -3 lower above one 0Software, Greece,
Karpuz/Asai 23W and 11M, mean 63.9 years
implant www.dhal.com)
Uziimii
OD lower Colorimeter (CR-13;
Chewing gum
Chewing gum: 60 immediate n=19: Konica-Minolta
xylitol that
Komagami MC; loading; Group immediate: n=10; Sensing, Tokyo, Japan);
changes color
ne*’, 2018 -1 Gummy jelly: 30 OD lower Group conventional: n=9; Visual analysis with
when chewed;
MC conventional 10W and 9M, mean 68,4 years score to evaluate the
gummy jelly
loading gummy jelly
Lower CD that
Chewing gum started to use OD
Colorimeter (CR-13;
lwaki®?, xylitol that on two implants
100 MC n=19, mean 69.8 Konica-Minolta
2019 -3 changes color (some used CD
Sensing, Tokyo, Japan)
when chewed upper and other
RPD upper)
Chewing gum
Vivident Software (ViewGum,
Leles®?, n=204: 138W and 66M, mean
Fruitswing 20,50 MC CD dHAL Software,
2019 v 65.6 years
Karpuz/Asai www.dhal.com)
Uziimii
Software (ImageJ
1.51m; US National
Chewing gum
Yousof®s, 3,6,9,15e 25 MC n=20: 10W and 10M, mean Institutes of Health);
developed from ND
2019 v three times 20,9 years Formula to calculate
Glee Gum
loss of gum hardness
and mass
ND; n=37 Software (Luzex-FS)i
RPD upper, ND | G ND: 8W and 13M, mean 29,3 to evaluate the
Bicolored wax MC among 5 and
Sato!4, 2003 lower; years; photographed wax cube,
-2 cube at 37°C 50 chews

G rehabilitated: 9W and 7M,

mean 58,8 years

dividing the groups in

“good, medium or bad”
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RPD upper and
lower;

CD upper, ND
lower;

RPD upper, CD

lower;
CD

5,7,10, 15,20

Bicolored wax
and 30 MC, where n=44
cube; Grains of Digital analysis of the
the dentate ND (A); GA: 4W and 7M, mean 26,0
a test food photographed wax after
chewed on the RPD, ND (B); years; GB: 18W and 2M, mean

chewing;

Sato', 2003 -2 composed by
usual side and the RPD upper and 62,6 years;
vegetable oil, Digital analysis of the
prosthesis users lower (C) GC: 8W and 5M, mean 66,6
fat, carnauba grains after sieving
chewed on the years
wax
edentulous side
Asakawa'®, Bicolored wax n=32: 25W and 7M, mean 65
10 MC RPD Software (Luzex-FS)8
2005 -3 cube years
Yoshida®, Bicolored wax n=26: 13W and 13M, mean
10 MC ND Software (Luzex-FS)8
2007 v cube at 37°C 25,3 years
Scanned image and
Fueki?, Bicolored wax n=20: 10W and 10M, mean
10 MC ND software + calculation
2008 AV cube at 37°C 24,1 years
using a formula
Bicolored wax Unable to clearly
Fueki®®, Wax: 10 MC; n=20: 10W and 10M, mean
cube at 37°C; ND identify how the author
2009 AV Peanut: 20 MC 24,1 years
Peanut processed the results
ND;
n=83:
Unilateral
15W and 15M, mean 26,9 Glucose measuring
20 seconds on posterior
Iwashita®, years; sensor (Glucosensor
Gummy jelly each side and free absences;
2014 -2 19W and 11M, mean 63,8 GS-1, GC Corporation,

mastication

Bilateral posterior
absences (they did

not use RPD)

years; 18W and 5M, mean 69,2

years

Tokyo, Japan)
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Glucose measuring

Uesugi“®,
Gummy Jelly 20 seconds ND n=30M, mean 27,4 years sensor (GS-1; Fujita,
2017 v
Tokyo, Japan)
n=149W; mean 72,3 years
No posterior; G1 n=29, mean 76.9years;
Until 1st pre; G2 n=21 mean 71.6years; Glucose measuring
Tanaka??,
Gummy jelly 20 seconds Until 2nd pre; G3 n=24 mean 72.4 years; sensor (GS-2; GC,
2018 -3
Until 1st molar; G4 n=28 mean 70,4 years; Tokyo, Japan)
Until 2nd molar G5 n=47 mean 70,9 years
respectively
Glucose measuring
Yamamoto? n=30: 15W and 15M, mean
Gummy Jelly 20 seconds CD sensor (GS-2; GC,
32018 v 74,7 years
Tokyo, Japan)
Visual analysis with
Igarashi®, n=1248: 742W and 506 M score from 1 to 5;
Gummy Jelly 30 MC CD
2018 v Age not specified Photoreceptor analysis
(As One, Osaka, Japan)
Carrot: 40 MC,;
Peanut: 20 MC
(for calibration, Sieving (5 sieves for the
Kapur?, Carrots and n=140
10 participants CD carrot and 10 for the
2006 v peanuts Age and gender not specified
chewed carrot for almonds)
5, 10, 20, 40, 60,
80, 100 MC)
Until they felt the
Raw carrot, desire to swallow Software digital image
Sugimoto®,
peanuts and and the number of ND n=20W, mean 23,4 years analysis and then
2012 v
beef cycles was sieving
recorded
Fuchsin
Cazal®, For 15 seconds in Spectrophotometer
capsules; n=30: 15W and 15M, mean
2015 each side ND (Beckman Inc., Palo
v Raisins; 23,46 years
separately Alto, CA, USA).
Peanut;
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Trident®
Chewing gum
(for
electromyograp
hy)
20 MC;
Buschang?” CutterSil® 40 cycles/minute, n=20M (“young™)
ND Sieving
, 1997 v Silicone 100 cycles/minute The article does not cite the age
of speed
ND (3 of them
Spectrophotometer
Santos®, Fuchsin 20 seconds of wore a fixed N=10: 5W and 5M, aged 25-30
(Beckman Inc., Palo
2006 v capsules mastication orthodontic years
Alto, CA, USA).
appliance)
20 seconds on Spectrophotometer
Felicio?, Fuchsin N=19: 10W and 9M, mean 22,9
each side and free ND (Beckman Inc., Palo
2008 v capsules years
mastication Alto, CA, USA).
ND;
CD; N=60:
Reitemeier? Gelatin based Maxillofacial 18W and 2M, mean 27 years;
30 MC Sieving
6 2012 -2 cylinder prosthesis after 9W and 11M, mean 72 years;
maxillectomy or 11W and 9M, mean 62 years
mandibulectomy
CD: complete denture; IPP: Implant partial prothesis; M: Men; MC: Masticatory cicle; n: number of participants; ND: Natural dentition; OD:
overdenture; RPD: removable partial denture; W: Woman
Table 2 — Information about the testing food
INDICATION FORM OF
ADVANTAGE DISADVANTAGE
FOOD FORTHE | EVALUATIO
PATIENT N
ND, upper and
Reliable, standardizable Takes a long time, hard, it takes work to
lower CD, upper
Optocal properties, does not suffer capture all the particles, cannot be Sieving
CD and lower OD,
from saliva action stored for long after setting time
lower and upper OD
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Comfortable to chew,

Takes a long time, hard, more

expensive than other methods, it takes

ND, upper and

Sieving or scanning

Optosil reliable, does not suffer from
work to capture all the particles, cannot lower CD
saliva action
be stored long after setting time
ND, RPD, CD and
More stable than Optocal in Harder, takes a long time, cannot be
Optozeta implant supported Sieving

the first seven days

stored long after setting time

RPD

Chewing-gum

prosthesis, easy, inexpensive,

Fast, does not stick to the

easy to store, non-toxic if

swallowed, reliable

Need to repeat some scans, suffers from

saliva action, may be too soft for
dentate patients, may undergo constant

reformulations

ND, upper and
lower CD, lower

oD

Colorimeter, specific
software (Viewgum),
software that
evaluates pixel, visual
evaluation, color
chart, sugar extraction

(weighing the gum)

Fast, easy to chew, forms a

Temperature may influence

ND, upper and

lower CD, lower

Software that

Wax
bolus, evaluates pixel
OD with upper CD
ND, posterior

Inexpensive, objective results, Glucose extraction

Gummy Jelly Suffers from action of saliva losses, upper and

easy and fast (glucose sensor)
lower CD
Natural foods May suffer from saliva action, may be Sieving or
The patient is familiar with

retained or swallowed, lack of food ND photography of the

(carrot, almond,

steak, raisins)

the food

standardization

masticated particles

Others
(Cuttersil
Silicone, RTV
silicone, gelatin
based cylinder,

fuchsin capsules)

Does not absorb saliva, non-
toxic, neutral taste, easy to

produce, fast, inexpensive

Difficult market availability (fuchsin

capsules are not sold)

ND, upper and

lower CD

Sieving, colorimeter

or spectrophotometer

CD: complete denture; ND: Natural dentition; OD: overdenture; RPD: removable partial denture
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Table 3 — Overall information on the methods of assessing masticatory function using a given test

food

FORM OF
EVALUATION

ADVANTAGE OF THE
FORM OF EVALUATION

DISADVANTAGE
OF THE FORM OF
EVALUATION

FOODS THAT HAVE
ALREADY BEEN USED

HOW IT WORKS

COMMENTS/NOTES

Single sieve

method

Less work than the
multiple sieve method
(only one mass
measurement), good
clinical applicability

Time consuming,
little detailing,
difficult inter-

individual
comparison,
depends on
specific device
(sieves and
balance)

Optocal

Sieving of the chewed
and dried particles,
followed by weighing
of the sieved particles

The sieve diameter
that was chosen must
be as close as
possible to the
average particle size

Multiple sieve

method

“Gold standard”, reliable,
it is possible to determine
the average size of the
particles, provides
detailed information,
possibility of comparing
inter-individuals and
intra-individuals

Time consuming,
too many steps,
depends on the
specific device

(sieves and
balance)

Optocal, Optosil,
CutterSil Silicone,
Optozeta, gelatin based
cylinder, carrot, almonds,
steak

Sieves of different
diameters of the chewed
and dried particles to
assess the weight and
distribution of the
particles in the sieves

Viewgum

Good clinical
applicability, fast (about
30s according to
Halazonetis®?), easy,
efficient, inexpensive
(software is free),
possibility of comparing
inter-individuals and
intra-individuals

Need to repeat
software analysis

Chewing-gum (Hubba-
Bubba), tape of two
flavors and colors (blue
and pink) that were
united (LotteTM, Tokyo;
Vivident Fruitswing
““Karpuz/Asai Uzumu *’
(Perfetti van Melle,
Turkey)

The software evaluates
the “HSI” parameters
(hue, saturation,
intensity) of the image,
focusing mainly on the
“hue” factor. The higher
the variation of the hue
axis, the greater the
presence of two
different colors (badly
chewed and mixed
gum)

Photoshop
digital analysis,
CS3 extended
(Adobe, San

Jose, CA, USA)

No specific advantages
described

No specific
disadvantages
described

Bicolored wax tablet

The software analyzes
the RGB (“red, green,
blue”) image of the
chewed wax and assess
the pixels in the
intensity of the red and
blue colors (which are
the colors of the wax)

This article has not
focused much on the
aspects of the
evaluation method
(usually the articles
that focus more on it
are the articles of
method validation),
but in my opinion the
Photoshop has the
same advantages as
the Viewgum
method.
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ADOBE

PHOTOSHOP

Trident® chewing-gum

The software analyzes
the image of the chewed
gum at a peak of
intensity in red and

This article has not
focused much on the
aspects of the
evaluation method
(usually the articles

. . No specific advantaaes No specific of two flavors and colors | another in white (colors that focus more on it
digital analysis P . g disadvantages (red and white) that were | of the gum). As the gum .
described . . . are the articles of
CS2, version described united is mixed, the peaks method validation)
merge and, the lower . . '
g . W but in my opinion the
9.08), the standard deviation Photoshop has the
of the peaks, the better same a dvar; tages as
the chewing the Viewgum method
MATLAB digital
analysis (MPAT The software analyzes In the results, the
. . he i h hor V 59
V10, Trident® chewing-gum . the .|mage by the author Vaccaro
- intensity of the colors concludes that
No specific advantages No specific of two flavors and colors using the “HSI” evaluating the
Perceptodent P . g disadvantages (red and white) that were 8 . g
described described united parameter and the variation of the hue
Project, number of pixels of the | proved to be the ideal
. ity of colors in the RGB evaluation of this
University o parameter type of testing food.
Malaga, Spain
Image J digital
Can be used ina
i - . The chewed Optosil i
analysis (1.42q; standardized food; results W plositis
like sievine (“eold Ith tionabl flattened and scanned.
Wayne Rasband, ike sieving (g0 8 guestionable The software uses some
standard”); according to clinical use parameters to generate
i Eberhard??, the method because it needs .
National Optosil values that are exported

Institutes of

can be employed in
dentate and prosthetic
patients; faster than

the sieving method
to provide the
sample reference

to excel and from the
size reference, the

Health, MD, sieving, more inexpensive estimated _Welght is
han the si obtained
USA.) than the sieves
The chewed gum is
scanned before and
Adobe after being flattened.
. Schimmel?* reports . The software analyzes
E | II- . h -
Photoshop asy o learn, well suited that even though it c ewing-gum (azure and the number of blue
for research, reliable, is easv to learn. it White colour, 30 - 18 - 3 ixels and a formula
Elements 2.0 accurate, easy to Y ' mm, Hubba-Bubba Tape P

digital analysis

standardize

is not clinically

*
viable Gums*)

was applied to
determine the mixing

ability from the
comparison with non-

chewed gums.
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Visual analysis

(color chart)

Inexpensive, simple, test
can be performed by the
patient himself/herself
(according to
Kamiyama'®), can be
performed on a large
scale, reliable and viable
in clinical analysis

Difficult access to
the chewing-gum,
may stick to the
prosthesis, not
recommended for
individuals with
alterations in the
salivary flow, need
for calibration
between the
observers, inter-
examiner
discrepancy

Chewing-gum
(XYLITOL, Lotte Co.,
Ltd., Tokyo, Japan)

The gum changes color
during chewing due to
its sensitivity to pH
changes. After chewing
the gum was flattened
and compared with a
visual scale that
provides the reference
of 5 colors and their
performance levels

In Tarkowska’s
article®, he mentions
that a solution to the
gum adhesion would

be to include
resinous additives,
but this may increase
its hardness.

Visual analysis

(from the score)

Good clinical
applicability, fast,
efficient, simple

Chewing-gum LotteTM,
Tokyo; Vivident
Despite the good | Fruitswing ‘‘Karpuz/Asai
correlation, the
digital analysis is
more accurate

Uzumu *’ (Perfetti van
Melle, Turkey). Gum
developed from SOR-
BITS® (A/S Alfred
Benzon, Copenhagen)

Chewed gum is
analyzed visually by
observers. It can be
evaluated before and /
or after being flattened

Liedberg'” used a
method of visual
analysis with score;
however, unlike
other articles, his
scale was visual.
According to
Schimmel?, it is
better to evaluate the
flattened gum.

Colorimeter
(CR-13; Konica-

Minolta, Japan).

Reliable, fast, simple

Presence of
“random errors”
according to Hama
2014

Chewing-gum
(XYLITOL, Lotte Co.,
Ltd., Tokyo, Japan)

Result given by the
average obtained by
means of the
colorimeter in five
points of the flattened
gum. The colorimeter
evaluates the
parameters in the
CIELAB system in
which “L” represents
lightness of the color,
“A” represents degree
between red and green
and “B” represents
degree between yellow
and blue

Some authors like
Kamiyama® use only
parameter A, where
the higher its value,
the higher the red
level and the better
the color change.

Spectrophotomet
er (Beckman
Inc., Palo Alto,

CA, USA)

Reliable, fast, effective,
good sensitivity

Your test food is

. Fuchsin capsules
no longer available

After the capsule is
chewed, its contents are
dissolved in distilled
water and strained
through a filter. The
peak of Fuchsin is
identified by the device
at a wavelength of 546
nm, and the higher the
reading (ug / mL), the
better the masticatory
efficiency
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Sugar Extraction

(by mass)

Involves numerous
mastication processes
(according to
Anastassiadou®¥), no
loose particles, can be
performed at home or
home institutions for the

Affected by saliva,
high early mass
loss, compromised
method in
individuals with
altered salivary

Freedent (The Wrigley
Company Ltd, Plymouth,
Devon PL6 7PR, UK),
Dentine-Ice (Warner
Lambert, Belgium),
Elma-f (Chios Gum
Mastic Growers
Association, Chios,

The gum is weighed in
three moments: before
the test, after the test
with and without saliva
(after drying). A
formula involving these
weights was used to
determine the level of
weight loss of the gums,

The author
Anastassiadou®*
discusses that the
xylitol sweetened
gums have high
xylitol solubility
(losing a lot of mass
in the first five

elderly, easy flow Greece), Pita (Chios the greater the weight chews).ln re!atlon to
Gum) loss of the gum, the the xylitol dissolved
better the masticatory gums.
efficiency
After chewing, the
individual puts distilled The author
water in the mouth and Yamamoto?®
expels it through a indicates using
. Gummy Jelly (GC, . )
Sugar Extraction No specific paper filter. The glucose smaller, soft jelly

(by sensor)

Low cost, easy, fast

disadvantages
described

Tokyo, Japan; LOTTE
Co., Ltd., Tokyo, Japan)

sensor measures the
level of glucose present
in the filter, and the
greater the extraction of
glucose, the better the
masticatory efficiency

beans for patients
with TP, but there are
no considerations
about the method
itself.
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ABSTRACT

In this work, we present 5 cases of Kennedy Class | patients with atrophic posterior
mandible treated with the placement of 01 short WS Neodent® implant bilaterally and a healing
screw to support the removable prosthesis, transforming them into Kennedy Class 111 patients. To
quickly evaluate and verify the benefit of this treatment, masticatory performance was evaluated
with maximum bite force and chewing ability. A OHIP-19 questionnaire was also applied for a
practical preoperative and postoperative evaluation of overall quality of life-changing for the
patient after this treatment. This treatment was planned in order to reduce drastically the treatment
costs and morbidity, and to enhance oral function and the quality of life for these patients. Also,
this treatment leads to residual bone preservation, enhanced masticatory function and patient
satisfaction. Especially in countries with a large number of patients with missing teeth and socio-
economic difficulties to be fully rehabilitated with dental implants and fixed prosthesis treatment

options with reduced costs are important to be in our armamentary os possibilities.

KEYWORDS: Dental implants, masticatory performance, chewing, oral function, mixing ability

INTRODUCTION

It is still very common, especially in countries with pronounced social inequality, to have
a high prevalence of people with tooth loss 2. In this scenario, the need for prosthetic oral
rehabilitation with fixed or removable prosthesis is enhanced 2. Some studies show that the
percentual of elderly will continue to increase until 2040, and as consequence and surrounded by
social, cultural, and economic factors, a larger number of total or partially edentulous patients will
also be raised 12,
Tooth loss, especially the posterior teeth, may cause a disturbance in the stomatognathic system,
affecting sensorial and motor aspects that may interfere with the masticatory process *7. Partially

edentulous patients may change their nutrition patterns by chewing limitations, which can lead to
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negative health and nutritional issues, and affect their quality of life 3°. When the posterior teeth
are lost, it is common for the patients to seek softer foods, usually composed of an excess of
carbohydrates and lowered in fruits, vegetables, proteins, and nuts, which consequently makes a
less nutritive diet ®2°. To overcome the absence of the posterior teeth and recompose the aesthetic
and masticatory function, a removable partial prosthesis (RPP), fixed partial prosthesis, or implant
retained prosthesis are recommended 71011,

The masticatory function may be evaluated through maximum bite force, masticatory
performance, or chewing/mixing ability. These methods, which are used to evaluate the
masticatory function, have gained great popularity in the latest years, evaluating and comparing
treatments and their impact on the quality of life, chewing, and trying to project nutritional
aspects for the patients 461,

Mandibular posterior bone atrophy may lead patients to a series of limitations of treatment
options due to the consequences of low bone quality, and often insufficient height and width of
residual bone, superficialization of the inferior alveolar nerve, and altered or increased occlusal
dimension . For those reasons, when an implant oral rehabilitation is proposed, it is often
necessary to initiate with previous reconstructive surgeries. In these cases, we come across some
sensitive techniques subjected to a series of complications. Onlay and inlay autogenous bone
grafts, guided bone regeneration, split crest technique, alveolar bone distraction, and inferior
alveolar nerve lateralization are some of the most cited options in the literature, each of them with
their own disadvantages and complications associated 82, All these procedures have in common
the need for an experience of the surgeon, as well as an increased cost, time of treatment, and
morbidity for the patient 2. An excellent treatment alternative for the atrophic posterior region is
the use of short implants ’.

An RPD is a treatment associated with a reduced total cost that may replace several teeth and
have a general increase in the patient chewing function #. Nevertheless, patients with RPD have a

decrease in their masticatory function when compared to fixed treatment options 8%, In Kennedy
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Class I patients treated with RPD, due to the absence of support in posterior teeth, this treatment
is reported to presented low retention and stability making chewing difficult and producing pain
in the mucosa that is compressed when chewing is taking place 84, This treatment is associated
with overall dissatisfaction and oral discomfort by the patient in approximately 60% of the cases,
and many abandon the use of this prosthesis &14. Almost 40% of the partially mandibular
edentulous patients are classified as Kennedy Class I 2. Other issues such as increased carious
lesions and periodontal disease in the pillar tooth are frequently observed 41,

In this work, we present 5 cases of Kennedy Class | patients with atrophic posterior mandible
treated with the placement of 01 short WS Neodent® implant bilaterally and a healing screw to
support the removable prosthesis, transforming them into Kennedy Class 111 patients. To quickly
evaluate and verify the benefit of this treatment, masticatory performance was evaluated with
maximum bite force and chewing ability. A VAS questionnaire was also applied for a practical
preoperative and postoperative evaluation of overall quality of oral health-related quality of life-
changing for the patient after this treatment. This treatment plan was planned in order to reduce
drastically the treatment costs and morbidity, and to enhance oral function and the quality of life

for these patients.

CASE SERIES

All these 5 cases reported followed exactly the same protocol. All surgeries were
performed by the same surgeon (RZA). All patients were complete maxillary edentulous and
mandibular Kennedy Class | (Figure 1). If the total removable superior prosthesis and partial
inferior prosthesis were not suitable, a new pair of removable prosthesis were accomplished
before implant surgery. A common complaint in all cases was some sort of dissatisfaction with
the use of the inferior RPD, usually related to pain when chewing, prosthesis instability, or
general discomfort. All patients had severe bone atrophy with indication of reconstructive surgery

in the anterior (next to the pillar teeth) and/or posterior mandibular region if a complete implant
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planning surgery was the main treatment option (Figure 2).

The impossibility to bear the costs of a complete implant treatment associated or not with
reconstructive surgery was a common issue for all of these cases, making this treatment option
unavailable. Alternatively, aiming for a significant overall reduction of treatment costs with a
treatment that would allow patients to use their RPD with increased comfort, stability, and less
mucosal compression and pain during chewing, it was proposed to place short implants bilaterally
in the posterior region. The option to use healing screws and not to perform prosthesis implant
crown goes in the same direction for cost reduction, whereas the patient would have an additional
cost for the crown and for the RPD adaptation or replacement for a new one.

All surgeries followed the same protocol, and were accomplished in the same dental office
(Dental School of the Federal University of Uberlandia). After Lidocaine 1:100.000 local
anesthetics were accomplished, a small crestal incision and periosteal elevation was made only on
the region of implant placement. If the last remaining teeth were the 1° or 2° Pre-molar, implants
would be placed in the 2° molar region. If the last remaining pillar teed were the canines or
anterior, the implants would be installed in the 1° molar region. All implants were Neodent® WS
short implants, with 4mm width and 5 or 6mm height. All surgeries were executed with the
assistance of parallelizer pins to help to guide the 3-dimensional implant angulation and the
occlusal patient reference (Figure 3).

All patients were submitted to a 2-time protocol, and a period of 4 months was waited for the
osseointegration period before reopening the implants (Figure 4). After 1 to 2 weeks after healing
screws were installed, sutures were removed and the patient initiated the use of their RPD over
the implant/healing screw. Follow-up revisions were each 15 days in the first 2 months and then
monthly until the sixth month. After that, patients were placed on a regular follow-up schedule,
with 2 visits per year or before that if any issue would arise. During the follow-up appointments,
if necessary, adjustments were made in the RPD and a substitution in the healing screw was

accomplished so it could remain at a 0.5mm or maximum 1mm above the gingival tissue (Figure
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5).

Before implant surgery and 6 months after healing screw placement, all patients were evaluated
for a satisfaction survey with a VAS (Visual analogue scale) questionnaire and for the masticatory
function with a maximum bite force and mixing ability test. All these tests and questionnaires are
easy to perform, quick, validated by the literature, and reliable to evaluate treatment outcomes.
The maximum bite force was evaluated with the use of a Gnatodynamometer. The patient bites 5
times on the right side and the highest and lowest result was discarded. The other 3 were made an
average to obtain the final result (Figure 6). Masticatory performance was evaluated through
chewing gum and specific software developed to analyze the mixed gum (Figure 7). This
methodology is widely used for masticatory performance evaluation purposes in the literature.

All the results of the VAS were positive for all patients. Maximum bite force increased in all
cases and masticatory performance was also enhanced for all 5 patients (Table 1). With 1 year of
follow-up, no patient has had any major complaints or implant loss. Only 2 cases of healing screw
loosening happened and were solved with regular appointment and clenching. In follow-up
appointments healing screws were detached, polished, and torqued again, and if RPD adjustments

were necessary, they were accomplished.

DISCUSSION

Kennedy Class | patients, but mostly in any other patient with several tooth losses,
problems with chewing impairment, muscular disturbance, and decreased nutrition and quality of
life may be a negative consequence >®", The RPD for Kennedy Class | patients may lead to poor
retention, stability, and ultimately abandonment of the prosthesis use. Nowadays, the importance
of increasing or maintaining masticatory capacity is a favorable factor in healthy aging and
preservation of some cognitive functions 8°,
Placement of short implants to support bilateral free end mandibular prosthesis is being published

by some papers in the last few years in the literature. This treatment has some advantages for the
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patient such as low treatment cost, preservation of the residual bone, reduced morbidity treatment
option, better loading distribution in the pillar removable prosthesis teeth (and increased tooth
survival), increased speech ability and masticatory function, better prosthesis stability and
comfort during chewing, and ultimately, enhanced satisfaction and patient quality of life %1213.20-
24_

It has already been suggested that 3 masticatory units are sufficient to create a significative
positive outcome in the masticatory performance of patients (shortened dental arch). In our cases
reported, the maximum bite and mixing ability prove these improvements 2224, Placement of
implant, if in the 1° or 2° molar region, will depend on the remaining pillar teeth 22. The position
of the short implant must be carefully planned to aim the support the RPD and even make it
possible (if so desired), to the placement of additional implants for a fixed partial prosthesis.
Systematic reviews demonstrated good survival rates for this type of treatment, varying between
91.7 - 100%, similar to other mandibular regions used exclusively to support implant fixed
prosthesis 2224,

We did not find any major complications in our case series. During the follow-up period it was
necessary to replace some of the healing screws to adjust their height to be 0.5mm to a maximum
of 01mm above the gingival soft tissue. Only 2 patients showed loosening of one of the healing
screws before the scheduled appointment. Any other major complication in regard to peri-implant
tissue or bone loss was not observed. Patients are followed with periapical radiographs. Other
literature reviews of this type of treatment also do not report major complications as an issue to be
concerned 222324,

To evaluate the effectiveness of this technique we used a satisfaction questionnaire (SATS-PRO),
which provides an estimative of the impact of the buccal conditions in edentulous patients 2°. All
patients had better results regarding their personal satisfaction after the treatment indicating
enhancement of the quality of life, both physical and psychological. Another aspect evaluated was

the masticatory performance to verify if the use of these short implants/healing screw would
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provide good support for the RPD with functional results. The use of a bicolor chewing gum
provides a test of mixing ability and is capable to be analyzed by a specific developed software
Viewgum®, which allows to establish through graphics and numerical results the masticatory
efficiency through the mixing of the colors of the gum 227, The maximum bite force provides us
objective numerical data on the chewing capacity of the patient, and if it is increased we expect
that the patient may include in his/her diet harder and more consistent food, such as meat, nuts,
fruits, and vegetables. Both masticatory performance tests showed improved results, as we can
see in Table 1. Sats-Pro questionnaire also pointed to improvement in the satisfaction of the
patient with the treatment after implant placement. All of these tests are easy to perform, fast,
with low cost, and may be incorporated and applied in our daily routine in our offices. They are

important tools to create treatment data, communicate to the patient, and also for legal purposes.

CONCLUSION

Placement of short implants to support RPD in Kennedy Class | mandibular patients has
several advantages such as low cost, residual bone preservation, low morbidity, better masticatory
loading distribution, and enhanced masticatory function and patient satisfaction 1013142122,
Especially in countries with a large number of patients with missing teeth and socio-economic
difficulties to be fully rehabilitated with dental implants and fixed prosthesis treatment options
with reduced costs are important to be in our armamentary os possibilities. Also, patiens may not
be able or do no want to perform complex reconstructive surgeries previous to dental implant
placement. Although it has a series of limitations, this treatment may pose as a good alternative
for patients with the profile describe in this manuscript. It is important to highlight that many of
those patients are elderly, and a treatment that reduces morbidity and overall treatment time is

always convenient.
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Figure 1 — Preoperative intraoral photographs. A, B, C. Preoperative intraoral photographs using
upper complete denture and lower partial denture. D, E, F. Frontal and lateral intraoral photograph
without the removable dentures showing residual ridge depth and bone atrophy. G, H, I
Photographs of the upper complete denture and lower partial denture used by the patient before

implant placement
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Figure 2 — Preoperative radiographic and tomographic images. A. Preoperative panoramic
radiography. B and C, Periapical radiographs of the pillar teeth for the removable prosthesis, the
right canine, and left lateral incisor. D, E. Computed tomography of the regions planned for implant

placement. It is possible to see the bone atrophy on the mandibular posterior region on both sides.

Figure 3 — Implant surgery placement. All surgeries followed the same protocol. A. Alveolar ridge
incision and periosteal tissue detachment. B. After the 2.0 drilling, a parallelizer was placed to
check the correct tridimensional position of the implant to be inserted. C. Implant engaged and

torque measuring. D. Implant installed with a cover screw to be reopened in 4 months.
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Figure 4 — Reopening surgery after 4 months of osseointegration period. A,C. A small incision is
accomplished to expose the implant. B, D. Silk suture was placed on both sides after the cover

screw was properly selected and torqued.
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Figure 5 — In the follow-up periods, if the healing screw were more than 1mm above the soft tissues,

they were changed to a smaller one. A, C. Soft tissue aspect without the healer bilaterally. B, D.

Replacement of the healer on the right side and left side respectively.

Figure 6 — Maximum Bite Force measurement. A and B — Measurement of the maximum bite force

with the Gnatodynamometer.

ay &

Figure 7 — Photographic image that is submitted to the Viewgum software for assessment of the
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mixed chewing gum in the postoperative period. A, Chewed gum after 5 chewing cycles. B, Chewed
gum after 10 chewing cycles. C, Chewed gum after 20 chewing cycles. D, Chewed gum after 30

chewing cycles. E, Chewed gum after 40 chewing cycles.

Figure 8 — Photographic image that is submitted to the Viewgum software for assessment of the
mixed chewing gum in the postoperative period. A, Chewed gum after 5 chewing cycles. B, Chewed
gum after 10 chewing cycles. C, Chewed gum after 20 chewing cycles. D, Chewed gum after 30

chewing cycles. E, Chewed gum after 40 chewing cycles.

Patient | Systemic Disease| Neodent WS | Maximum bite Viewgum Software Sats-P Complications
Age Implant force
(Right side)
AM. Controlled Right side 4x6 | Pre- op | Post-op [Pre-op 5 cycles | Post-op 5 cycles | Positive difference |Change of
91 Years |Diabetes and Left side 4x6 9,256 | 13.009 -0.841 -1,166 in regard to healing screw
. Pre-op 10 cycles |Post-op 10 cycles thesis retenti ith 2 i
Hypertension 1037 0,045 prosthesis retention [ wi months
Cal’diac Pre_op 20 Cyc|es Post_op 20 Cyc|es and Stab|l|ty from 25mm to
Condition 4,709 3,194 1.5mm on the
Pre-op 30 cycles |Post-op 30 cycles left side
9,022 5,941
Pre-op 40 cycles |Post-op 40 cycles
15,836 10,704
C.CA. Controlled Right side 4x6 | Pre- op | Post-op |Pre-op 5 cycles | Post-op 5 cycles |Positive difference [Change of
61 Years |Diabetes and Left side 4x5 5,516 | 8,883 0,625 -1575 in regard to healing screw
) Pre-op 10 cycles |Post-op 10 cycles hesi ith 2 h
Hypertension 0.846 0241 prosthesis with 2 months
Pre-op 20 cycles |Post-op 20 cycles
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Asma 3,317 1,823 retention, stability [from 3.5mm to
Cardiac Pre-op 30 cycles |Post-op 30 cycles | o comfort 2.5mm on the
Conditi 7,753 3,873 left sid
ondition Pre-op 40 cycles |Post-op 40 cycles eftside
14,048 11,082
E.B.M. [Controlled Right side 4x6 | Pre- op | Post-op | Pre-op 5 cycles | Post-op 5 cycles | Positive difference [Pain When
67 Years |Diabetes and Left side 4x6 2,416 | 7,533 0,020 -1,516 in regard to chewing. After
H . Pre-op 10 cycles |Post-op 10 cycles hesi . heali
ypertension 0524 0,018 prosthesis retention | healing screws
Hypothyroidism Pre-op 20 cycles |Post-op 20 cycles | and stability Where
3,590 2,753 changed,
Pre-op 30 cycles |Post-op 30 cycles patient
6,471 5,693
Pre-op 40 cycles |Post-op 40 cycles reported no
15,985 11,427 more pain.
M.M.S.  |Not reported Right side 4x5 | Pre- op | Post-op [Pre-op 5 cycles | Post-op 5 cycles [Only a slight Not reported
75 Years Left side 4x5 9,166 | 11,983 -0,296 -0,534 difference in
Pre-op 10 cycles |Post-op 10 cycles
2336 0.390 regard to better
Pre-op 20 cycles | Post-op 20 cycles | Stability
6,756 4,068
Pre-op 30 cycles |Post-op 30 cycles
11,835 7,223
Pre-op 40 cycles |Post-op 40 cycles
20,053 13,422
S.M.S. Not reported Right side 4x6 | Pre- op | Post-op [Pre-op 5 cycles | Post-op 5 cycles | Positive difference |Healing screw
57 Years Left side 4x6 4,816 | 6,558 0,956 1,431 in regard to loosening with
Pre-op 10 cycles |Post-op 10 cycles i
0,607 0307 prosthesis 4 months.
Pre-op 20 cycles | Post-op 20 cycles | retention, stability
3,701 4,117 and comfort
Pre-op 30 cycles |Post-op 30 cycles
7,809 6,138
Pre-op 40 cycles |Post-op 40 cycles
13,810 11,431

Table 1. Data from the 5 consecutive patients
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ABSTRACT
Short implants emerged in order to enable dental rehabilitation for a greater number of patients, especially

those with insufficient bone volume, avoiding reconstructive surgeries, reducing treatment time, morbidity
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and costs. Considering implant design, surface and prosthetic connection, a formulated hypothesis was
generated and tested that Neodent Titamax WS short implants present success rates similar to regular
implants even when used for single crowns. Eighteen patients with posterior edentulism and maximum bone
height of 7mm and width of 6mm were selected. Peri-implant bone level, crown/implant ratio and the
crown’s mesiodistal distance were the quantitative variables studied. Vertical and horizontal peri-implant
bone loss were measured up to 5 year-follow up in 4 different periods. Of the total 20 implants placed, only
1 was lost due to lack of osseointegration and a success rate over the 5-year follow-up period of 95%. There
was no statistically significant association between vertical bone loss and crown / implant ratio (P = 0.530)
or mesio-distal width (P = 0.378). The short implants studied in this work showed a success rate and vertical
peri-implant bone loss greater than or equal to the indexes found for regular implants in the literature. The
different proportions of implant length and crown did not have any effect on bone loss. For short implants,
a Morse taper conecction may be favorable. Placement of Neodent WS implants (and similar implants) in
an intra-osseous protocol and not at bone level needs further investigation because it might present better

results in regard to vertical bone loss over time.

Keywords: short implants; dental implant; bone graft; reconstructive surgery; sinus lift; alveolar ridge.

INTRODUCTION

Short implants emerged in order to enable the oral rehabilitation for a greater number of patients,
especially those with insufficient bone height and volume. The posterior region of both the maxilla and
mandible, may present some anatomical limitations that may difficult or even prevent the placement of
conventional implants without bone graft surgeries or other associated techniques, due to the lack of
sufficient bone height. These limitations are associated to the presence of the mandibular canal and mental
foramen on the mandible and the maxillary sinus on the maxilla. The literature is still controversial on the
definition of short implants. Most authors consider implants shorter than 10 mm in length to be the case, and
most recently, some studies suggest short implants to be from 5 to 7mm length and ultra-short implants to
be 4-5mm 7.

In order to provide height and width in cases of bone atrophy, several reconstructive surgical
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techniques are proposed. Some of the proposed reconstructive surgeries involve bone grafts in onlay and
inlay techniques, sinus lifting, osteogenic distraction, split crest fracture, guided bone regeneration (GBR)
and mandibular canal deviation (also known as inferior alveolar nerve lateralization) 2. Although
extensively described in the literature, all these techniques have their own complexity and associated intra
or post-operative complications, making difficult to ensure excellent prognosis for them 347, In the case of
insufficient bone height where reconstructive surgery is aimed to overcome this deficiency, the results are
even more discouraging . In general, these techniques increase the final cost of treatment, prolong the
total time for complete oral rehabilitation and represent at least one or more surgical steps increasing
morbidity. Also, the risks of complications are increased. In fact, a large number of patients abandon
treatment with dental implants when is proposed that they must be prepared with prior reconstructive
surgery, and they might quit treatment because they do not have satisfactory systemic conditions or simply
because they refuse to undergo reconstructive preparatory surgeries since they are more invasive, time and
cost-consuming and with complicated postoperative procedures. According to some authors, this fact
justifies the use of short implants whenever possible, thus reducing the time, cost and morbidity of the
treatment 11015,

Several studies have shown that some biomechanical characteristics are important for the success of
treatments with short implants °. Increasing the diameter of these implants seems to be important to increase
mechanical stability as it allows for an increase in the bone/implant contact area . The implant surface
treatment also promotes an increase in the bone/implant contact area and has osteoconductive properties that
improve mechanical and biological stability and can reduce the waiting time for osseointegration or even
allow for immediate loading '8, Some authors have shown inferior results for short implants compared
with conventional implants when they had smooth surfaces 1°2°. However, recent studies from the past
decade, have shown improvements in the success rates of short implants when they had surface treatment,
comparable to conventional implants 3102,

In treatments with short implants, the crown/implant ratio is apparently unfavorable. This is because
vertical bone loss increases the intermaxillary space. Studies have shown that implant treatments can
withstand a higher crown/implant ratio than treatments with dentures on teeth 1?22%_ The type of

prosthesis/implant connection is an important factor for the success of short implants 2. The internal

106



connections allow for greater stability of the prosthesis and a better distribution of occlusal forces on the
implants long axis 2%’, It is not a coincidence that the worst results for the use of short implants use external
hexagonal connections %2028, Nevertheless, studies using short implants with internal connections yield
more favorable results, without differences in the success rates between short and conventional implants
2,10,29.

Systematic reviews showed similar success rates between short and long implants regardless of
design, surface and diameter 134730, These authors suggest that short implants should be used as an
alternative to long implants in cases where additional previous surgeries are necessary 34730,

The use of short implants for single cases has been the subject of some clinical studies in recent
years and favorable results have been achieved?. These works have some characteristics in common, such as
the use of implants with treated surfaces and internal conical prosthetic connections.

Based on the presented literature and considering the biomechanical characteristics of the surface
and the prosthetic connection, a formulated hypothesis was generated and tested that Titamax WS (Neodent
/ Straumann - Curitiba, Brazil) short implants present success rates similar to those achieved with implants

greater than 7mm in length even when used for single crowns.

2 - MATERIALS AND METHODS
2.1 - PATIENT SELECTION

Patient selection began with clinical examination and evaluation of periapical radiographs. When
the patient met the desired profile, a tomographic examination of the toothless region was requested to carry
out the surgical planning and implant placement. Patients were over 18 years old and had posterior tooth

loss, in the molar and/or premolar regions. The following inclusion and exclusion criteria were followed:

2.1.1 - INCLUSION CRITERIA:
e Posterior edentulous areas with bone height between 5 and 7 mm maximum
e Bone width of at least 6 mm to allow for the use of Titamax WS implants with a minimum diameter
of 4 mm.
¢ Natural antagonistic teeth or fixed prosthesis
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e Alveolar ridge fully healed (at least 4 months from previous dental extraction)

2.1.2 - EXCLUSION CRITERIA:
e Severe systemic diseases (eg, uncontrolled diabetes and autoimmune diseases);
e Patients undergoing radiotherapy in the past 12 months in the head and neck region;
e Patients undergoing chemotherapy in the last 12 months;
o Presence of local conditions that may compromise the success of the treatment (eg, uncontrolled
periodontal disease);
¢ Non-collaborating patients;
e Patients who use drugs or abuse alcohol;

e Patients who do not sign the informed consent form

This study was approved by the Research Ethics Committee of the Faculty of Dentistry of
Ribeirdo Preto / USP (no 2009.1.199.58.3) and each patient received a free and informed consent form that
included written explanations about the procedures to be performed and the contact numbers of the
responsible researcher.

Twenty Titamax WS implants were installed in 18 patients. Nine implants were installed in
the mandible and 11 implants in the maxilla. These implants have a cylindrical body, a Morse cone prosthetic
interface and a double treated surface with oxide blasting and acid subtraction. For diagnostic and planning
purposes, they were divided into two groups, Titamax WS Cortical and Titamax WS Medular. The first ones
have cutting characteristics on the threads and apex and therefore are more suitable for bone types 1 and 2.
Titamax WS Medular implants have thread and apex characteristics that promote better locking and stability

in predominantly medullary bone.

2.2 - SURGICAL PROTOCOL
All implants were installed by the same professional, experienced in the surgical area. After
terminal infiltrative anesthesia, an incision and total flap folding were performed. For osteotomy, the drilling

sequence protocol indicated in the company catalog and surgical guide was followed. In some situations,
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this protocol has been altered to achieve the desired locking and primary stability of the WS implant. In
situations where it was found low bone density, sub-instrumentation was performed in order to achieve
higher stability torque; in others, where the bone was bone density was high and/or very mineralized, the
last drill was repeated to decrease the locking torque. Thus, by changing the surgical technique, a minimum
installation torque of 20 N/cm and a maximum of 60Ncm was achieved for all cases.

The drilling speed was 250 RPM (rotation per minute) and the implant setting speed was 25
RPM. In some cases of low-quality bone tissue, manual installation was performed with a surgical
torquemeter (Neodent - Curitiba, Brazil. / Cod. 104.027). The final millimeters of the implant placement
were achieved with a torquemeter, for measure purposes. After implant placement, selection of the WS
Abutment (Neodent - Curitiba, Brazil) was most appropriate for each case using the prosthetic selection
components present in the WS Surgical Kit (Neodent - Curitiba, Brazil). The selected WS Abutment was
then installed with manual torque so that a periapical radiography could be performed with the radiographic
standard guide. This procedure will be better explained in the item ‘“Radiographic evaluations” of peri-
implant bone loss. After periapical radiography was taken, the abutment was removed and the cover screw
installed (Neodent - Curitiba, Brazil Code 117.016.) for subsequent suturing of the gingival tissue in a 2-
step implant placement protocol.

Implants installed in the mandible were reopened after 4 months of waiting for
osseointegration and implants installed in the maxilla were reopened after 6 months. Some of the surgical

steps and initial planning are illustrated in Figure 1, 2 and 3.

2.3- PROSTHETIC PROTOCOL

On surgical reopening, the abutments previously selected were installed with the torque of 32
Ncm indicated by the manufacturer. A prosthetic torquemeter was used (Neodent - Curitiba, Brazil./ Cod.
104.026). These abutments received the protection cylinders (GT / Neodent Protection Cylinder - Curitiba,
Brazil./Cod .: 106.102) during the soft tissue healing, thus enabling the subsequent prosthetic procedures
(Figure 4).

Impressions were performed after the peri-implant tissue healing period. In the laboratory, the

cast die was made and mounted on a semi-adjustable articulator. The infrastructure was waxed on castable

109



cylinders (GT / Neodent Cylinder - Curitiba, Brazil./ Code: 118.180), cast in Nickel-Chrome alloys (Fit
Cast-SB Plus / Talmax - Curitiba, Brazil) and then received the porcelain layer (Super Porcelain EX 3 /
Noritake - Japan) as an aesthetic covering material (Figure 5).

Clinical sessions of infrastructure adjustments followed by porcelain adjustments were carried
out. The crowns were definitely installed after the glazed surface under a torque of 20Ncm. Occlusal tables
were reduced to contribute with the occlusal force distribution on the long axis of the implants, and lower

cusps were also made.

2.4 - DATA COLLECTION
The radiographic measurements of the peri-implant bone level, the crown / implant ratio and

the crown’s mesiodistal distance were the quantitative variables studied (Table 1).

2.4.1 - RADIOGRAPHIC EVALUATION OF PERI-IMPLANT BONE LOSS:

Periapical radiographic evaluations were performed at different periods to monitor possible
changes in the bone level or to check for the presence of radiolucent areas around the implants. The first
radiograph was taken at implant surgery placement (T1), the second radiograph was taken at the final
prosthesis setting (T2), the third radiographic measure was taken after one year with the final prosthesis in
function (T3), the fourth radiograph was performed after 3 years of function (T4) and the fifth and final
radiographic measure after 5 years of function (T5).

To determine the amount of bone loss for each period, the measurement of the final bone level
was subtracted from the measurement of the bone level at the beginning of the evaluated period. The change
in bone level was analyzed in four different periods, from the surgical implant placement to the initial
prosthesis setting (period 1), immediately after the prosthesis placement to 1 year of function (Period 2),
from the initial prosthesis placed to 3 years of function (Period 3) and from the initial prosthesis placed to 5
years of function (period 4) All the radiographic images from the 4 periods can be illustrated in Figure 6.

Radiographic measures were made using the long cone technique. A personalized radiographic
positioner was created to standardize the images. A device was used to connect the long cone and the

positioner (Fabinject FPX PADRAO - Taubate / SP, Brazil), the positioner was modified, and three holes
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were made in the occlusal support region to connect it to a vertical pin screwed to the abutment®:. All
radiographs were taken on the same X-ray machine (Figure 7).

The digitalized images in JPEG format were opened in the UTHSCSA Image Tool Software
(The University of Texas Health Science Center - San Antonio / USA) for vertical and horizontal bone level
measurements. First, “calibration” was performed to minimize possible radiographic distortions and
generates a measurement with the greater fidelity possible from the real one, which requires knowledge of
the measurement. In this work, the implant diameter was used.

For the measurement of the vertical bone level, the distance between the implant platform and
the bone crest was considered by drawing a parallel line along the long axis of the implant when the implant
was sub-bone. When the implant was supra-bony, a straight line was drawn from the implant platform to the
first bone-implant contact point, in this case, the measurements received negative values. This procedure
was performed for the mesial and distal regions and an arithmetic mean was then performed between these
two values.

For horizontal measurements, a straight line was drawn perpendicular to the long axis of the
implants, starting from their platform towards the bone tissue. Negative values were considered when the
bone crest moved away from the implant platform. An arithmetic mean was also performed between the
mesial and distal measurements to assign a single value of horizontal bone loss per implant in each evaluated

period.

2.4.2 - EVALUATION OF THE CROWN-IMPLANT RATIO AND THE PROSTHETIC CROWN
MESIODISTAL WIDTH:

The dimensions of the prosthetic crown are important data especially when it comes to single
implants. To calculate the crown / implant ratio, the sum of the crown height measurement and the height of
the “transmucosal neck of the abutment” was considered as a prosthetic lever arm and the mesiodistal width

was also verified (Figure 8 and 9).

2.4.3 - STATISTICAL ANALYSIS

The Linear Regression Test was used to verify the association between the predictive variables
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(crown/ implant ratio, mesio-distal width, crown height) and the dependent variables (vertical bone loss and
horizontal bone loss). To assess the difference between bone loss measures in the four studied periods (1, 2
3 and 4), the Analysis of Variance Test (ANOVA) and later Tukey's Test for vertical bone losses and the

Kruskal Wallis test for horizontal bone losses. The tests were performed on the SigmaPlot 12.0 Software.

3—RESULTS

A total of 20 implants were placed. Four implants with 5 mm in length and 16 implants with 6 mm
in length were installed, whereas 11 where in the maxilla and 09 in the mandible. Only one implant was lost
from 20 implants placed. This loss was detected during the reopening surgery. The success rate achieved
over the 5-year follow-up period was 95%. The lost implant was in the region of tooth #30, still in the
osseointegration phase. The patient who lost this implant had been rehabilitated in two regions, implant #19
and implant #30, both six millimeters long. Figure 10 shows the radiograph evidencing a radiolucent area
surrounding the implant, characterizing non-osseointegration. Table 1 show all the demographic data of the
implants placed.

Radiographic images were used to measure the peri-implant bone level and, consequently, to
monitor bone loss or gain of bone in different periods. Negative values indicate supra-bone implants, that is,
bone level positioned apically to the platform.

There was no bone gain in any clinical situation, neither vertical nor horizontal. It is worth
remembering that the determination of the amount of bone lost for each period was done by subtracting the
final bone level measurement from the bone level measurement at the beginning of the evaluated period.
The change in bone level was analyzed in four different periods as mentioned in the methodology. Tables 1
and 2 show the measures of vertical and horizontal bone loss respectively in the evaluated periods and the
bone loss that occurred during the total study period in all diffent evaluated proposed moment.

Analysis of variance (ANOVA) showed a statistically significant difference between the periods
studied when vertical bone loss was assessed (P <0.001). After that, the Tukey test showed that the statistical
difference was found between Period 1 (bone loss that occurred in the post-surgical period and pre-prosthetic
loading) with the other periods, 2 (P =0.001), 3 (P = 0.003) and 4 (P = 0.001).

The Kruskal Wallis test showed that there was no statistically significant difference when comparing
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the four periods of horizontal bone loss (P = 0.084). This test is used when there is no normal distribution of
the studied values.

Data on prosthetic parameters, such as mesio-distal crown width and crown / implant ratio, were
also collected. The mesio-distal width varied from 5.7 mm to 12 mm. The crown / implant ratio in all cases
was greater than or equal to 1.3 with an average of 1.73 (SD = 0.31). It is worth remembering that to
determine the prosthetic lever arm, the sum of the crown height and the height of the transmucosal “neck”
of the abutment were used. The Linear Regression test showed that there was no statistically significant
association between vertical bone loss and crown / implant ratio (P = 0.530) or mesio-distal width (P =
0.378). Besides, there was no statistically significant association between horizontal bone loss with crown /

implant ratio (P = 0.591) or mesio-distal width (P = 0.968).

4 — DISCUSSION

The success rate achieved in our study over the 5-year follow-up period was 95%. Only one did not
osseointegrate despite being installed by the same professional, in the same clinical session and presenting
identical bone characteristics, both had type | bone, highly corticalized. The patient who lost this implant
had been rehabilitated in two regions, implant #19 and implant #30, both six millimeters long. For this
reason, implants with cutting characteristics on the threads and at the apex (Titamax WS Cortical) were used.
We hypothesize that the probable reason for non-osseointegration was the lack of adequate blood supply to
promote bone repair, characteristic of this type of bone and intensified when implants are installed with high
torques °.

The literature is controversial about the success rates for short implants, probably because there are
many variables involved and that operate significantly on these indexes, such as bone type, implant surface
treatment type, prosthetic connection type, surgical technique used, types of prostheses (single or multiple),
diameter and what each author defines as being a short implant

Surface treatment seems to be one of the characteristics that most influence the success of short
implants 47, The implants studied in this work have a surface treated with oxide blasting and acid
subtraction. The vast majority of studies that showed favorable indexes for short implants used implants with

surface treatment?31017.21 The justification would be the fact that the surface treatment increases the area of
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bone-implant contact, which consequently increases the values removal torque, an important feature for
long-term success. Most studies that showed worse results for short implants used implants with a smooth
surface!®?, Our results and success rates are in accordance to recent systematic reviews and literature
tendency in regard to indication, surface treatment, prosthetic connection and success rates of short implants.

Studies favorable to the use of short implants smaller than 7mm a common feature was noticed in
almost every system studied: abutment/implant connection type Morse taper 21°, These connections seem to
play crucial role in reducing the incidence of mechanical complications since in the treatments with short
implants the crown/implant ratio is unfavorable.

In this study, there was no loosening of the abutment despite the unfavorable crown / implant ratio,
greater than or equal to 1.3 (mean of 1.73). Titamax WS implants have an internal Morse cone prosthetic
connection. This connection allows for the close contact between the abutment and the implant, generating
an important mechanical overlap. The frictional retention between the conical walls is responsible for
retaining the abutment on the implant, ensuring its non-rotation during clinical use, a fundamental
characteristic for unitary rehabilitation. In this system, bite force acts in favor of increased locking 6. This
explains the low incidence of mechanical complications found in our study. Most studies that showed worse
results for short implants used systems with an external hexagonal abutment/implant connection %2,

Only two mechanical complications have been reported. In two cases, the prosthesis screw was
loosened. In one case, this loosening could be explained by the occlusal conditions present. The patient had
an anterior open bite and, as a result, the absence of anterior and lateral disocclusion guides. In addition,
when in occlusion, he presented contacts only in premolars and molars. The implant tooth was in region #2
(Implant 6) and even with great care in the occlusal adjustment, it was not possible to prevent overload. A
new adjustment was made and the crown screwed again without further loosening or complications on the
total period evaluated. In the second case of loosening of the crown, a great rotational freedom of the crown
was perceived on the abutment. This problem was probably caused by failures in the casting process or
problems in the manufacture of the castable cylinder and could have been avoided if a prefabricated metal
base cylinder had been used. In this case, a new crown was made and no other prosthetic problems observed.

Albrektsson et al. (1986) defined some criteria for the evaluation of success in treatments with

osseointegrated implants of the Branemark System and it is still nowadays used as a parameter for success
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in the literature32. Marginal bone loss is one of the indicators used to attest success or a tendency to failure
over time 2. In this work, bone loss in the vertical direction and bone loss in the horizontal direction were
evaluated separately. The average vertical bone loss in the total 5 -year follow-up period, was 0.58 + 0.49
mm. The greater percentage of vertical bone loss was observed in the osseointegration period, without
prosthetic loading. Bone losses after loading, both horizontal and vertical, were non-significant in all the
evaluated periods. Therefore, we can hypothesize that the surgical trauma during implant drilling and
placement was the major cause of bone loss.

An important observation about the level of the implant surgical installation can be made. With the
exception of Implants 1 (region #19) and Implant 9 (region #18), all others had vertical bone loss, ranging
from 0.45mm to 1.25mm (average of 0.58mm). The implants that were installed exactly at the bone level as
recommended by the system protocol started to have a smaller osseointegrated area, including the explosion
of some supra-bone threads. However, the implants that were installed slightly intra-osseous are still fully
submerged and therefore with a greater area of bone-implant contact. The total bone level present in the
moment of implant placement did not influence the amount of marginal bone loss, but it was possible to
verify that the implants placed at the bone level had a smaller area of bone / implant contact® . Only a
longer clinical follow-up and a larger amount of implants placed intra-osseous would determine whether
the installation at the bone level bone represents a greater risk for the failure of Titamax WS implants in this
research and in a general basis. This is an important topic to be studied in the future in regard to this specific
and similar implants and protocols oriented by the manufacturer.

Short implants placement at intra-bone level requires special care in relation to osteotomy. The first
bone cortex plays a critical role in primary stability, and in many cases the entire body of the implant is
located solely in the medullar bone. In these cases, osteotomy should be reduced and adapted according to
bone density, therefore the clinical experience of the operator is essential.

As previously shown, a significant amount of bone loss was attributed to surgical trauma, although
some precautions were taken. The implants were installed by the same professional with experience in the
implantology field. The learning curve is believed to significantly interfere with results, especially when
using short implants. All instrumentation was performed with low rotation per minute, around 250 rpm, with

new cutters and plenty irrigation, all these precautions were aimed to cause the least trauma possible to bone
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tissues. Osteotomy was customized for each clinical situation taking into account the type of bone and the
characteristics of the implant used, aiming at primary stability with an installation torque not exceeding 60
N/cm. In some cases of medullar bone, sub-instrumentation was used to generate primary stability, in other
instances of highly corticalized bone, it was necessary to repeat the last cutter in order to reduce excessive
loading torque.

A concern in dental rehabilitation with short implants, especially in single cases, is the ratio between
the prosthetic crown and the implant length. Most of the time this proportion is higher than expected. For
many years, a crown / root ratio ranging from 0.5 to 1 has been used in rehabilitation with fixed dental
prostheses. In the dental case, the root fixation mechanism is the periodontal ligament, which is highly
reactive to occlusal overloads. In dental implants rehabilitation, the distribution of occlusal forces has shown
its own mechanisms quite different from natural teeth, probably due to the fact that there is a bone / implant
“ankylosis”. In this work, the influence between crown / implant ratio and the mesio / distal width of the
prosthetic crown on peri-implant bone loss was verified. There was no correlation between these parameters
and vertical and horizontal bone losses. The different proportions of implant length and crown as well as
mesio/distal width did not had any effect on bone loss. Other studies have also attempted to show a
correlation between these parameters and marginal bone loss and found no relationship between these
variables 5%,

The follow-up time after prosthetic loading was five years, indicating a good prognosis since most
implant losses occur even before prosthetic loading and peri-implant bone loss is more significant in the first
year®®, Only 2 implants did not present bone loss in the evaluated period. The greater amount of bone loss
found in other implants was attributed to surgical trauma and was compatible with bone loss found in other
studies in the same period, even with longer implants, different abutment / implant connections and multiple
cases. In other words, the use of short implants for single rehabilitations did not represent so far, a difference
in the peri-implant bone tissue behavior.

All issues discussed here, such as success index, peri-implant bone loss, mechanical and biological
complications, showed that the implants studied presented favorable behavior for their use even in the
studied clinical situation. However, it remains to be seen whether these results will be sufficient to maintain

long-term success rates.
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5- CONCLUSION

The short implants studied in this work used in single rehabilitation showed a success rate greater
than or equal to the indexes found for longer length implants found in the literature. In addition, the level of
bone loss found was also within the normal range when compared to other clinical studies regardless of the
length of the implants. The different proportions of implant length and crown as well as mesio/distal width
did not had any effect on bone loss. It is suggested that for this type of implant, internal morse connection is
favorable. The placement of the Neodent WS implants (and similar implants) in an intra-osseous protocol
and not at bone level needs further investigation because it might present better results in regard to vertical

bone loss over time.
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Figure 1. Some of the surgical steps and initial planning. A and B. Tomographic image of a atrophic

maxilla and mandible candidate to receive a short implant
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Figure 2. All implants were inserted with a surgical guide to ensure correct emergence of the implant and

prosthesis
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Figure 3. Placement of the WS Neodent Short Implant. A. Neodent WS Short Impalnt. B. Manual

placement of the WS Implant. C. Final and adequate position of the short implant.
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Figure 4. A 2° st 'reopening’ of the implant after 4 month osseintegration period. B. 3 weeks after healing
period with the abutment protection cylinders in postion. C. Another patient 3 weeks after 20 step and 3

week healing period. D. Patient Y 3 weeks after 20 step and 3 week healing period.
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Figure 5. Final restorations. A, B, C ilustrate the initial adaptation of the final restorations of the

infrastructre and if necessary, adjstments were made. D, E, F. Final Glazed surface and definitely

installation of the implant prosthesis.
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Figure 6. Radiographic Image. A. T1 Immediate post-operative follow-up. Figure 6. Radiographic Image.
B. T2 1 year follow-up. Figure 6. Radiographic Image. C. T3 3 year follow-up. Figure 6. Radiographic

Image. D. T4 5 year follow-up.
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Figure 7. The personalized radiographic positioner and its modifications.

Figure 8. Determination of the prosthetic lever arm, i.e. the sum of A: measurement of the vertical height

of the crown and B: the height of the transmucosal neck of the abutment

Figure 9. Mesiodistal width was also verified
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Figure 10— radiograph evidencing a radiolucent area surrounding the implant, characterizing non-

osseointegration.

Table 1. Demographic data from all 20 implants installed in 18 patients.

Patient Implant | Implant | Total Vertical | Total Horizontal Crown/ Mesio-Distal
Age/Gender | tooth site size bone loss bone loss Implant Ratio | Crown width
GCM 54y / F 19 5x5mm 0,33 0 1,9 10
GCM 54y / F 29 5x5mm -0,84 -0,53 2,1 7,6
IVM 47y IM 14 5x 6 mm -1,18 -0,17 2,2 7

JC55y /M 19 6 x 6 mm -0,89 -0,25 18 6,5
JCS 50y / M 2 5x 6 mm -1,02 -0,83 1,6 7
KTQ27y/F 3 5X 6 mm -0,64 0 18 9
KSQ30y/F 14 5Xx 6 mm -1,09 -0,77 13 10
MAB 55y / F 18 5X6mm 0,28 0 18 8
VACDH5y/F 19 5x5mm -0,43 -0,04 2,5 8,3
APC 45y | F 18 6 X 6 mm 0,30 0,64 1,7 9,5
APQ23y/F 13 5x 6 mm -0,49 0 14 6
EFA32y /M 13 5x 6 mm -0,39 0 18 7
KQO3ly/F 20 5X 6 mm -0,27 -0,59 18 7,5
MAF 60y / F 14 4 X6 mm -0,69 0 13 57
MRR 47y / F 13 5x 6 mm -1,21 0 14 6
MAP 41y | F 15 5x 6 mm -0,44 -0,24 18 9
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MAG 45y / F 3 5Xx6mm -1,25 -0,81 15 9
MAG 45y / F 14 5Xx5mm -0,69 0 19 12
OSS 50y / M 20 5Xx6 mm -0,45 0 1,6 8
Mean results for evaluated data -0,58 mm -0,19 mm 1,73 mm 8,06 mm
Standard Deviation 0,49 0,37 0,31 1,64
y: Years (age); F: Female; M: Male; mm: milimmeters
Table 2. Peri-implant Vertical Bone Loss in all periods evaluated, from surgery to 5 year follow-up.
Peri-implant Vertical Bone Loss
Period 1 Period 2 Period 3 Period 4 Total period
Implant From surgery to | Prosthesis to 1- | Prosthesis to 3- | Prosthesis to 5- | From surgery to
tooth site | final prosthesis | year follow-up | year follow-up | year follow-up | 5 year follow-up
Patient
Age/Gender
GCM 54y / F 19 -0,24 0,46 0,57 0,57 0,33
GCM 54y | F 29 -0,62 0,06 -0,02 -0,22 -0,84
IVM 47y I M 14 -1,14 0,30 0,53 -0,04 -1,18
JC 55y /M 19 -0,67 -0,70 -0,73 -0,22 -0,89
JCS 50y /M 2 -1,16 0,08 0,24 0,14 -1,02
KTQ 27y /F 3 -0,04 -0,53 0,10 -0,60 -0,64
KSQ 30y /F 14 -0,52 -1,12 -0,98 -0,57 -1,09
MAB 55y / F 18 0,53 -0,60 -0,13 -0,25 0,28
VAC 55y / F 19 -0,6 -0,17 -0,11 0,17 -0,43
APC 45y | F 18 -0,53 0,67 0,67 0,23 0,30
APQ 23y /F 13 -0,14 0,22 -0,49 -0,63 -0,49
EFA 32y /M 13 -1,13 0,37 0,84 0,74 -0,39
KQO 31y /F 20 -0,42 0,23 -1,10 0,69 -0,27
MAF 60y / F 14 -0,61 -0,3 -0,08 -0,08 -0,69
MRR 47y | F 13 -1,17 0,31 0,43 -0,04 -1,21
MAP 41y | F 15 -0,35 -0,28 -0,39 -0,09 -0,44
MAG 45y / F 3 -1,2 0,36 0,09 -0,05 -1,25
MAG 45y / F 14 -0,89 0,39 0,07 0,20 -0,69
0SS 50y / M 20 -0,37 0,16 -0,23 0,08 -0,45
Mean -0,59 0,00 -0,04 0,00 -0,58
Standard 0,46 0,47 0,54 0,39 0,49
Deviation

y: Years (age); F: Female; M: Male; mm: milimmeters
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Table 3. Peri-implant Horizontal Bone Loss in all periods evaluated, from surgery to 5 year follow-up.

Peri-implant Vertical Bone Loss

Period 1 Period 2 Period 3 Period 4 Total period
Implant From surgery to | Prosthesis to 1- | Prosthesis to 3- | Prosthesis to 5- | From surgery to
tooth site | final prosthesis | year follow-up | year follow-up | year follow-up | 5 year follow-up
Patient
Age/Gender
GCM 54y / F 19 0 0 0,00 0 0,00
GCM 54y / F 29 0 0 0,00 -0,53 -0,53
IVM 47y I'M 14 0 0 0,00 -0,17 -0,17
JC 55y /M 19 0 0 -0,83 -0,25 -0,25
JCS 50y /M 2 -1,26 0,63 -1,26 0,43 -0,83
KTQ 27y /F 3 0 0 0,00 0 0,00
KSQ 30y / F 14 -0,44 -0,22 -0,33 -0,33 -0,77
MAB 55y / F 18 0 0 0,00 0 0,00
VAC 55y / F 19 -0,58 -0,29 -0,16 0,54 -0,04
APC 45y / F 18 0 0 0,00 0,64 0,64
APQ 23y / F 13 0 0 0,00 0 0
EFA 32y /M 13 -1,27 1,06 1,27 1,27 0
KQO 31y /F 20 -0,67 0,05 0,12 0,08 -0,59
MAF 60y / F 14 0 -0,36 0,00 0 0
MRR 47y / F 13 -0,29 0,11 0,04 -0,29 0
MAP 41y | F 15 0 0 -0,14 -0,24 -0,24
MAG 45y / F 3 -1,15 0,36 0,51 -0,34 -0,81
MAG 45y / F 14 0 0 0,00 0 0
0SS 50y /M 20 -0,54 -0,37 -0,03 0,54 0
Mean -0,33 0,05 -0,04 0,07 -0,19
Standard
Deviation 0,46 0,33 0,49 0,44 0,37

y: Years (age); F: Female; M: Male; mm: milimmeters
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ONCLUSOES

1
Mandibular Implant-Assisted Removable Partial Denture - Kennedy Class | to Class Il modification — A 3-year

prospective clinical trial with Masticatory Performance and Quality of Life Evaluation — RAFAEL ZETEHAKU ARAUJO
— Tese de Doutorado — Programa de Pés-Graduagdo em Odontologia — Faculdade de Odontologia — Universidade

Federal de Uberlandia
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4. CONCLUSOES

Dentro das limitagdes clinicas e do nimero de pacientes, mas principalmente
pelo tempo reduzido de acompanhamento que precisou ser adaptado para o0s

pacientes desta pesquisa, pode-se concluir que:

Esta tese de doutorado teve objetivo avaliar o impacto do tratamento com o apoio
de Proéteses parciais remoiveis inferiores sobre cicatrizadores sobre implantes
dentérios afim de se dividir a sobrecarga mastigatéria e melhorar o tratamento como
um todo. Esse obijetivo foi atingido e comprovado, pois os testes de performance
mastigatoria, através de habilidade de mistura e forca maxima de mistura tiveram
resultados positivos/melhorados estatisticamente significativos. Além disso, as
perguntas acerca de tdépicos de limitacdo funcional e dor melhoraram
significativamente, superando alguns dos incbmodos do paciente Classe | de
Kennedy.

Durante a pesquisa inicial e revisdo de literatura para a tese, observou-se a
auséncia de padrao e definicbes claras acerca dos métodos de performance
mastigatoria. Ndo havia até aquele momento, publicacGes relevantes com clara
associacao do alimento teste com a sua forma de avaliacdo, as nomenclaturas eram
confusas, e ndo havia padronizacao de teste para perfil de paciente ou tratamentos.
O trabalho de revisdo critica da literatura auxilia na orientacdo e guia para 0s
métodos de performance mastigatéria e levando em conta as suas vantagens e
desvantagens, para pacientes edéntulos totais ou parciais, com tratamentos
removiveis, indica-se 0s testes com goma de mascar, no caso, teste de habilidade
de mistura.

Os implantes curtos ainda foram testados em outro estudo de forma individual
com resultados satisfatérios e semelhantes a implantes convencionais, mesmo com
préteses em proporcdes nao ideais quando relacionada protese-implante.

Sendo assim, acredito que este trabalho principal e os seus desdobramentos,
efetiva mais uma opc¢éo para um grande numero de pacientes (a transformacéo em
Classe lll de Kennedy através de um implante e cicatrizador), especialmente em um
pais que além de ter um alta quantidade de pacientes edéntulos, pacientes com
inviabilidade econémica para reabilitacdo completa com implantes dentarios, e

também evitar reconstru¢cdes complexas previamente aos implantes. Além disso, o
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perfil de pacientes edéntulos idosos tem aumentado, favorecendo a filosofia da
implantodnotia moderna de buscar tratamentos menos invasivos, com menor tempo
de tratamento, custos e morbidade associadas, mantendo-se uma boa
previsibilidade.
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