UNIVERSIDADE DE SÃO PAULO
HOSPITAL DE REABILITAÇÃO DE ANOMALIAS CRANIOFACIAIS

VICTOR PRADO CURVÊLLO

Comparative analysis of dental arches stability in patients with cleft
lip and palate after rehabilitation treatment
Análise comparativa da estabilidade dos arcos dentários em
pacientes com fissura labiopalatina após tratamento reabilitador

BAURU
2018

VICTOR PRADO CURVÊLLO

Comparative analysis of dental arches stability in patients with cleft
lip and palate after rehabilitation treatment
Análise comparativa da estabilidade dos arcos dentários em
pacientes com fissura labiopalatina após tratamento reabilitador

Tese apresentada ao Hospital de Reabilitação de
Anomalias Craniofaciais da Universidade de São
Paulo, para obtenção do título de Doutor em
Ciências da Reabilitação.
Área de Concentração: Fissuras Orofaciais e
Anomalias Relacionadas.
Orientadora: Profa. Dra. Simone Soares
Coorientadora: Profa. Dra. Thais Marchini de Oliveira
Valarelli

BAURU
2018

UNIVERSIDADE DE SÃO PAULO
HOSPITAL DE REABILITAÇÃO DE ANOMALIAS CRANIOFACIAIS

Rua Sílvio Marchione, 3-20
Caixa Postal: 1501
17012-900 – Bauru – SP – Brasil
Telefone: (14) 3235-8000
Prof. Dr. Vahan Agopyan – Reitor da USP
Prof. Dr. José Sebastião dos Santos – Superintendente “pro tempore” do Hospital de
Reabilitação de Anomalias Craniofaciais - Universidade de São Paulo

Autorizo, exclusivamente, para fins acadêmicos e científicos, a
reprodução total ou parcial desta tese.
Victor Prado Curvêllo
Bauru, ___ de _________ de 2018

Curvêllo, Victor Prado
C948c
Comparative analysis of dental arches stability in
patients with cleft lip and palate after rehabilitation
treatment / Victor Prado Curvêllo. Bauru, 2018.
60 p.; il.; 30 cm.
Tese (Doutorado – Fissuras Orofaciais e Anomalias
Relacionadas) – Hospital de Reabilitação de Anomalias
Craniofaciais, Universidade de São Paulo.
Orientadora: Profa. Dra. Simone Soares
Coorientadora: Profa. Dra. Thais Marchini de
Oliveira Valarelli
1. Fenda labial. 2. Reabilitação bucal. 3. Implantes
dentários. 4. Prótese parcial fixa.

FOLHA DE APROVAÇÃO

Victor Prado Curvêllo

Tese apresentada ao Hospital de Reabilitação de
Anomalias Craniofaciais da Universidade de São
Paulo para a obtenção do Título de Doutor em
Ciências da Reabilitação.
Área de Concentração: Fissuras Orofaciais e
Anomalias Relacionadas
Aprovada em: ____/____/____

Banca Examinadora
Prof(a). Dr(a). ________________________________________________________
Instituição: __________________________________________________________

Prof(a). Dr(a). ________________________________________________________
Instituição: __________________________________________________________

Prof(a). Dr(a). ________________________________________________________
Instituição: __________________________________________________________

Prof(a). Dr(a). ________________________________________________________
Instituição: __________________________________________________________

Profa. Dra. Ana Paula Fukushiro
Presidente da Comissão de Pós-Graduação HRAC-USP

Data de depósito da tese junto à SPG: ___/___/___

DEDICATÓRIA

Dedico esta tese aos meus queridos e amados filhos Matheus e Henrique;
motivo pelo qual sigo a vida adiante, e me esforço todos os dias para ser uma pessoa
melhor.
Ao meu amado pai Valter, e as mulheres da minha vida: Minha amada mãe
Purita e minha amada irmã e amiga Patricia.

AGRADECIMENTOS

A Deus, por estar sempre ao meu lado, e ser o guia de minha vida.
Aos meus queridos filhos Matheus e Henrique, pela compreensão da minha
ausência em momentos em que estive viajando para a obtenção do título de Doutor.
A meu pai Valter, in memoriam, e minha querida mãe Purita por serem os
exemplos de minha vida.
À minha querida irmã e amiga Patricia por sempre me apoiar nos momentos
difíceis e ser indispensável em minha vida.
À minha querida professora, orientadora e amiga Profa. Dra. Simone Soares,
pelo auxílio, participação na minha formação, e mais que tudo, por toda compreensão
que teve comigo no momento que mais precisei.
À minha querida coorientadora e amiga Profa. Dra. Thais Marchini de
Oliveira Valarelli, pela presença, orientação e confiança que depositou em mim.
À Dra. Cleide Felício de Carvalho Carrara, por toda contribuição que teve
no desenvolvimento desta tese.
Ao querido amigo, irmão, orientador de especialização Prof. Dr. Fabricio
Pinelli Valarelli, por tudo que fez, faz e fará na nossa amizade; pelos momentos de
orientação e conversas que tivemos nessa longa amizade.
A todos os professores e colegas de pós-graduação.
Às queridas funcionárias, Zezé, Tatiana, Lucy, Denise, Rodrigo por todo o
auxilio que me foi dispensado nesses anos.
Aos amigos Rafa, Fernando, João, Regina, pelos momentos que estivemos
juntos e desfrutamos de nossa amizade.
Ao Hospital de Reabilitação de Anomalias Craniofaciais – HRAC-USP.

À Pós-Graduação do HRAC-USP Bauru, representada pela Profa. Dra. Ana
Paula Fukushiro.
À Profa. Dra. Maria Aparecida de Andrade Moreira Machado, ex-diretora
da Faculdade de Odontologia da USP, e atualmente Pró-Reitora de Cultura e
Extensão da Universidade de São Paulo, pelo incansável esforço para integração
deste Campus.
Aos eternos amigos e irmãos que Deus me deu, e que são importantíssimos
em minha vida: Fabricio, Luiz, Jean, João, Marcão, Mano, Pardal, Gustavo,
Vitinho, Carlo, Kiko, André, Pedrão, Luba, Cassiano, Iracema e a querida
Fernanda.
À Capes, pelo auxílio da bolsa de estudo do doutorado.

"Por muito má a sua vida possa parecer, sempre há alguma coisa que
você pode fazer e ter sucesso. Enquanto há vida, há esperança."
Stephen Hawking

ABSTRACT

Curvêllo VP. Comparative analysis of dental arches stability in patients with cleft lip
and palate after rehabilitation treatment [thesis]. Bauru: Hospital de Reabilitação de
Anomalias Craniofaciais, Universidade de São Paulo; 2018.
While the maxillary growth and development in patients with cleft lip and palate (PLC)
is very studied at early age, the literature lacks studies at adulthood. The study of
dental arches after oral rehabilitation with dental prostheses is necessary in this group
of patients to verify the stability of the interdisciplinary treatment performed. This study
aimed to evaluate the stability of dental arches in adults with cleft lip and palate who
received orthodontic treatment and were rehabilitated with dental prostheses
compared with adults who received implant-supported prosthesis and conventional
fixed partial dentures, both in the area of cleft lip and palate The group rehabilitated
with implants was composed of 20 patients (7 males, 13 females; mean age of 25
years) and the group rehabilitated with a conventional fixed partial denture consisted
of 15 patients (8 females and 7 males; mean age of 25 years). The dental casts were
scanned with a laser scanner in the two proposed treatment phases: T1- immediately
after completion of orthodontic treatment and T2- at least 1 year after oral rehabilitation
with dental prostheses. The stability evaluation comprised the subtraction of T2 from
T1 measurements (Δ = T2-T1). All linear, inter-canine, inter-molar and total arch length
measurements were performed digitally. The independent t-test compared the groups
between the times (p≤0.05). Among groups, the stability comparison showed
statistically differences in inter-canine measurements, but non-significant differences
in inter-molar distance and total arch length. Adults with cleft lip and palate rehabilitated
with fixed partial and implant-supported dentures had a difference in dental arch
stability. Fixed partial prosthesis provided a greater linear dimensional stability of
dental arches in this group of individuals.
Keywords: Cleft lip. Mouth rehabilitation. Dental implants. Denture, partial, fixed.

RESUMO

Curvêllo VP. Análise comparativa da estabilidade dos arcos dentários em pacientes
com fissura labiopalatina após tratamento reabilitador [tese]. Bauru: Hospital de
Reabilitação de Anomalias Craniofaciais, Universidade de São Paulo; 2018.
O crescimento e desenvolvimento da maxila em pacientes com fissura labiopalatina
(FLP) tem sido muito estudado na idade precoce, porém em idade adulta há uma
escassez de trabalhos. O estudo dos arcos dentários após a reabilitação oral com
próteses dentárias se faz necessário nesse grupo de pacientes, com o intuito de verificar
a estabilidade do tratamento interdisciplinar realizado. O objetivo do estudo foi avaliar a
estabilidade dos arcos dentários em pacientes com fissura labiopalatina que receberam
tratamento ortodôntico e foram reabilitados com prótese dentárias, comparando os
pacientes que receberam uma prótese sobre implante com indivíduos que receberam
uma prótese parcial fixa convencional, ambas na área da fissura labiopalatina. O grupo
reabilitado com implantes foi composto por 20 pacientes (7 do sexo masculino, 13 do
sexo feminino e idade média de 25 anos) e o grupo reabilitado com uma prótese parcial
fixa convencional foi composto por 15 pacientes (8 do sexo feminino e 7 do sexo
masculino e idade média de 25 anos). Os modelos de gesso foram digitalizados com
um scanner a laser nas duas fases de tratamento propostas: T1- imediatamente após
a conclusão do tratamento ortodôntico e T2- pelo menos 1 ano após a reabilitação oral
com próteses dentárias. A subtração das medidas no tempo 2 pelo tempo 1 caracterizou
a equação delta (Δ= T2-T1), para a avaliação da estabilidade. Todas as lineares, intercanino, inter-molar e comprimento total do arco foram realizadas digitalmente. O teste t
independente foi utilizado para a comparação dos grupos e entre os tempos (p≤0,05).
Houve diferença estatística na comparação da estabilidade entre os grupos para
medições inter-canino, mas não houve diferença na distância inter-molares e no
comprimento total do arco. Há diferença na estabilidade dos arcos dentários de
pacientes com fissura labiopalatina em idade adulta, reabilitados com prótese parcial
fixa e prótese sobre implante, sendo que a prótese parcial fixa consiste em um
tratamento que conferiu maior estabilidade dimensional linear dos arcos dentários
nesse grupo de pacientes.
Palavras-chave: Fenda labial. Reabilitação bucal. Implantes dentários. Prótese
parcial fixa.
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1 INTRODUCTION

The craniofacial anomalies are a diversified group of congenital defects.
Among them, cleft lip and palate (CLP) are the most prevalent ones, affecting 1 at
every 500 – 700 births, and considered a public health burden of care according to the
World Health Organization (2002, 2015). CLP is caused by the lack of fusion of one or
more facial embryological processes resulting in a discontinuity in lip and/or palate
(DIXON et al., 2011), occurring also in animals, but more prevalent in humans (YAKOB
et al., 2018). Problems in the craniofacial complex growth are often observed in
individuals with CLP, generally expressed in the transversal, anterior-posterior, and
vertical dental relations (SAKODA et al., 2017).
Oral clefts may involve the lip, alveolus, and palate and may occur up to the
12th week of intra-uterine life (FREITAS et al., 2012b). CLP has a multifactorial etiology
determined mainly by genetic and environmental factors (WATKINS et al., 2014).
Currently, the interaction of these factors increased the risk for non-syndromic CLP
(PANAMONTA et al., 2015). The early diagnosis is accomplished at the gestational
period by means of the ultrasound examination (TONNI; GRISOLIA; SEPULVEDA,
2013), but the rehabilitative treatment takes place immediately after birth with the
primary surgeries.
Cheiloplasty and palatoplasty are the primary surgeries usually performed up
to 12 months of age; however, the rehabilitative treatment is not restricted to the
anatomic repair of the cleft (FREITAS et al., 2012b). This requires an interdisciplinary
team (VARGERVIK; OBEROI; HOFFMAN, 2009; WANG et al., 2009; FREITAS et al.,
2012b; ROCHA et al., 2012) to provide the anatomic and functional rehabilitation of
the individual until the skeletal maturity (ALJOHAR; RAVICHANDRAN; SUBHANI,
2008; ROCHA et al., 2012). The interdisciplinary team comprises Plastic Surgeons,
Dentists, and Speech and Hearing Therapists, who play an essential role in
rehabilitation (NOORDHOFF, 2009; REDDY, S.; REDDY, L.; REDDY, R., 2009;
VARGERVIK; OBEROI; HOFFMAN, 2009; WANG et al., 2009).
The craniofacial growth of an individual with cleft lip and palate is restricted by
the primary surgeries performed at early childhood, which despite of the rehabilitation
of the esthetics and function, cause a deleterious effect on the maxillary growth, mainly
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in individuals with clefts involving the lip, alveolus, and palate. Some studies affirmed
that the lack of three-dimensional maxillary growth is directly influenced by the effects
caused by the cheiloplasty (LI et al., 2006; BICHARA et al., 2015), while other authors
state that the palatoplasty is more harmful (LIAO; MARS, 2005; FARRONATO et al.,
2014).
The sequelae is variable and extremely influenced by the sum of factors
consisting of the cleft amplitude, frequency of plastic surgeries, surgeons’ ability, tissue
trauma caused by the surgeries, presence or absence of Simonart’s band, and the
facial growth pattern determined by genetics of the individual (FREITAS et al., 2012b).
Notwithstanding, the literature reports that the tissue scaring with shrinkage effect on
the segmented maxilla is the main factor leading to the alteration in the growth factor
(LILJA et al., 2006). Commonly, the result of the rehabilitative treatment is evaluated
by the balance among facial appearance, speech, and facial growth (FREITAS et al.,
2012b).
The rehabilitation of individuals with cleft lip and palate challenges the dentist
because the anatomic and functional alterations are directly related to the malformation
type and age of the treatment onset. Thus, prostheses rehabilitate many cases. These
fixed/removable, tooth/implant-supported prostheses aim at reestablishing the
esthetics, phonetics, and function and depend on the bone, dental, and periodontal
condition and on the maxillo-mandibular relation (FREITAS et al., 2013). To reach the
rehabilitative treatment success, firstly, one must obtain dental casts capable of
providing previous reliable information to enable the study of the case and to be part
of the individual’s file.
A systematic dental documentation since the birth of a child with CLP provides
the accurate and prospective planning by individualizing the procedures required at
every treatment stage (WUTZL et al., 2009), and the longitudinal evaluation of the
rehabilitative process (MELLO et al., 2013). Through study casts, the changes on
craniofacial growth are diagnosed by analyzing the transversal, vertical, and anteriorposterior relations (LILJA et al., 2006; SINKO et al., 2008).
The literature reports longitudinal studies on individuals with CLP through
dimensional anatomic measurements on study casts (SABARINATH et al., 2010;
ROUSSEAU et al., 2013), and image tests, such as photographs and radiographs
(OTERO et al., 2012; YANG et al., 2012). These methods may lead to errors not only
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during the individuals’ positioning, but also during the information analysis. Moreover,
studies on the comparison of measurements on study casts have the inconvenience
of transportation of the files (ROSATI et al., 2012). These challenges lead to the
development of alternative methods for the morphological assessment of these
anatomic structures. The three-dimensional analysis of the dental arches is a notable
change in data collection (LATIEF et al., 2012; SFORZA et al., 2012; HUANCA
GHISLANZONI et al., 2013; MELLO et al., 2013; SFORZA; MENEZES; FERRARIO,
2013; KUIJPERS et al., 2014; UGOLINI et al., 2015; DE MENEZES et al., 2016).
The 3D digital images have many advantages as rotation and handling similar
to those of the study casts (GOONEWARDENE et al., 2008; LEIFERT et al., 2009;
BOOTVONG et al., 2010); more accurate measurements, handling, and storage; and
on-line share of the information which enable the collaboration among rehabilitative
centers to perform the assessment, planning, and execution of every rehabilitative
treatment phase (KUIJPERS et al., 2014; UGOLINI et al., 2015; DE MENEZES et al.,
2016). Studies comparing the measurement on digital images and study casts
concluded

that

3D

images

are

clinically

acceptable

and

reproducible

(GOONEWARDENE et al., 2008; LEIFERT et al., 2009; BOOTVONG et al., 2010).
It is important that the dentist is aware of the 3D changes in the dental arches
of individuals with CLP because these alterations influenced on the outcomes of the
rehabilitative process (FREITAS et al., 2012b), which aims at not only achieving the
anatomic-functional rehabilitation, but also providing the insertion of the individual in
the society (REDDY, S.; REDDY, L.; REDDY, R., 2009).
Due to the lack of studies on the assessment of the dental arch dimensions of
individuals with CLP immediately after the orthodontic finalization and on the stability
obtained with dental prosthesis, this study aimed to analyze the measurement of the
dental arches of adults with CLP immediately after the orthodontic finalization and one
year after prosthetic rehabilitation to provide information on the stability of the dental
arches in this specific population. Thus, the information provided by study will help in
a better understanding of the factors that interfere in the dental arch relation of adults
with CLP after the prosthetic rehabilitative treatment and in establishing parameters for
protocols and further researches.
This study aimed to perform a longitudinal linear evaluation of the dimensional
alterations of dental arches in individuals with CLP, before and after oral rehabilitation,
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by comparing: 1 - the maxillary dimensions of adults with unilateral complete cleft lip
and palate, immediately after the finalization of the orthodontic treatment and one year
after the prosthetic rehabilitative treatment with implant-supported prosthesis; 2 - the
maxillary dimensions of adults with unilateral complete cleft lip and palate, immediately
after the finalization of the orthodontic treatment and one year after the prosthetic
rehabilitative treatment with fixed tooth-supported prosthesis; 3 - the dimensional
alterations between individuals rehabilitated by either tooth or implant-supported
prosthesis.
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2 OBJECTIVES

2.1 GENERAL OBJECTIVE

This study aimed to perform a longitudinal linear evaluation of the dimensional
alterations of dental arches in individuals with CLP, after the orthodontic treatment and
at least one year after the oral rehabilitation with dental prostheses, by comparing
individuals who received implant-supported prostheses with those who received
conventional fixed partial denture, to evaluate the stability of the interdisciplinary
treatment of these individuals.

2.2 SPECIFIC OBJECTIVES

➢ To evaluate the maxillary dimensions of adults with unilateral complete cleft
lip and palate, immediately after the finalization of the orthodontic treatment
and one year after the oral rehabilitation by implant-supported prosthesis.
➢ To evaluate the maxillary dimensions of adults with unilateral complete cleft
lip and palate, immediately after the finalization of the orthodontic treatment
and one year after the oral rehabilitation by conventional fixed partial
denture.
➢ To evaluate and compare the dimensional alterations between individuals

rehabilitated by either tooth or implant-supported prosthesis.
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3 ARTICLES

The articles presented in this thesis were written according to the instructions
and guidelines for article submission of the corresponding journals.
▪ ARTICLE 1 – Comparative analysis of dental arches stability in patients with
cleft lip and palate after rehabilitation treatment. International Journal of Oral
and Maxilofacial Surgery. (Submitted)
▪ ARTICLE 2 – Impact of orofacial dysfunction on the quality of life of adult
patients with cleft lip and palate. Cleft Palate Craniofac J. (In press)
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3.1 ARTICLE 1 – Comparative analysis of dental arches stability in patients with cleft
lip and palate after rehabilitation treatment*

ABSTRACT
While the maxillary growth and development in patients with cleft lip and palate (PLC)
is very studied at early age, the literature lacks studies at adulthood. The study of
dental arches after oral rehabilitation with dental prostheses is necessary in this group
of patients to verify the stability of the interdisciplinary treatment performed. This study
aimed to evaluate the stability of dental arches in adults with cleft lip and palate who
received orthodontic treatment and were rehabilitated with dental prostheses
compared with adults who received implant-supported prosthesis and conventional
fixed partial dentures, both in the area of cleft lip and palate The group rehabilitated
with implants was composed of 20 patients (7 males, 13 females; mean age of 25
years) and the group rehabilitated with a conventional fixed partial denture consisted
of 15 patients (8 females and 7 males; mean age of 25 years). The dental casts were
scanned with a laser scanner in the two proposed treatment phases: T1- immediately
after completion of orthodontic treatment and T2- at least 1 year after oral rehabilitation
with dental prostheses. The stability evaluation comprised the subtraction of T2 from
T1 measurements (Δ = T2-T1). All linear, inter-canine, inter-molar and total arch length
measurements were performed digitally. The independent t-test compared the groups
between the times (p≤0.05). Among groups, the stability comparison showed
statistically differences in inter-canine measurements, but non-significant differences
in inter-molar distance and total arch length. Adults with cleft lip and palate rehabilitated
with fixed partial and implant-supported dentures had a difference in dental arch
stability. Fixed partial prosthesis provided a greater linear dimensional stability of
dental arches in this group of individuals.
Key words: cleft lip; mouth rehabilitation; dental implants; denture, partial, fixed.

*

Curvêllo VP, Pucciarelli MGR, Oliveira TM, Menezes M, Soares S. Comparative analysis of dental
arches stability in patients with cleft lip and palate after rehabilitation treatment. Int J Oral Maxillofac
Surg. (Submitted)
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INTRODUCTION
The craniofacial anomalies are a diversified group of congenital defects.
Among them, cleft lip and palate (CLP) are the most prevalent one, considered a public
health burden of care according to the World Health Organization1,2. The lack of fusion
of one or more facial embryological processes causes CLP, resulting in a discontinuity
in lip and/or palate3. CLP has a multifactorial etiology determined mainly by genetic
and environmental factors4.
Cheiloplasty and palatoplasty are the primary surgeries usually performed up
to 12 months of age; however, the rehabilitative treatment is not restricted to the
anatomic repair of the cleft5. This requires an interdisciplinary team5,6,7,8 to provide the
anatomic and functional rehabilitation of the individual until the skeletal maturity8,9. The
interdisciplinary team comprises Plastic Surgeons, Dentists, and Speech and Hearing
Therapists, who play an essential role in rehabilitation6,7,10,11. The main consequence
of primary surgeries is generally expressed in the transversal, anterior-posterior, and
vertical dental relations12.
The rehabilitation of individuals with cleft lip and palate challenges the dentist
because the anatomic and functional alterations are directly related to the malformation
type and age of the treatment onset. Thus, prostheses rehabilitate many cases. These
fixed/removable, tooth/implant-supported prostheses aim at reestablishing the
esthetics, phonetics, and function and depend on the bone, dental, and periodontal
condition and on the maxillo-mandibular relation13. To reach the rehabilitative
treatment success, one firstly must obtain dental casts capable of providing previous
reliable information to enable the study of the case and to be part of the individual’s
file.
A systematic dental documentation since the birth of a child with CLP provides
the accurate and prospective planning by individualizing the procedures required at
every treatment stage14 and the longitudinal evaluation of the rehabilitative process 15.
Through study casts, the changes on craniofacial growth are diagnosed by analyzing
the transversal, vertical, and anterior-posterior relations16,17.
Due to the lack of studies on the assessment of the dental arch dimensions of
individuals with CLP immediately after the orthodontic finalization and on the stability
obtained with dental prosthesis, this study aimed to analyze the measurement of the

3 Articles

26

dental arches of adults with CLP immediately after the orthodontic finalization and one
year after rehabilitation with fixed tooth- or implant-supported prostheses to provide
information of the stability of the dental arches in this specific population. Thus, the
information provided by study will help in a better understanding of the factors that
interfere in the dental arch relation of adults with CPL after the prosthetic rehabilitative
treatment and in setting up parameters for protocols and further researches.
This study aimed to perform a longitudinal linear evaluation of the dimensional
alterations of dental arches in individuals with CLP, before and after oral rehabilitation,
by comparing: 1 - the maxillary dimensions of adults with unilateral complete cleft lip
and palate, immediately after the finalization of the orthodontic treatment and one year
after the prosthetic rehabilitative treatment with implant-supported prosthesis; 2 - the
maxillary dimensions of adults with unilateral complete cleft lip and palate, immediately
after the finalization of the orthodontic treatment and one year after the prosthetic
rehabilitative treatment with fixed tooth-supported prosthesis; 3 - the assessment and
comparison of the dimensional alterations between individuals rehabilitated by either
tooth or implant-supported prosthesis.
MATERIAL AND METHODS
Sample selection
This study was submitted and approved by the Institutional Review Board,
regarding ethical aspects (protocol CAAE #50808215.2.0000.5441).
The sample comprised digitized models of adults with unilateral complete cleft
lip and palate, aged from 20 to 30 years, matched by gender, regularly enrolled in the
Hospital. Inclusion criteria were no associated syndrome or malformation; individuals
not submitted to orthognathic surgery; individuals without overdenture prosthesis, total
prosthesis, and protocol prosthesis; presence of study casts at the treatment phases
evaluated by this study. The study casts were obtained from the files of the Hospital.
Sample size was calculated based on a previous pilot study to detect a
minimum difference in width measurement of 0.8 mm, with standard deviation of
0.7 mm, level of significance of 5%, and study power of 80%. The minimum number of
models to conduct the study was of 15.
The digitized models were divided into two groups:
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➢ Group Implant-supported Prosthesis (G1) – 20 adults with unilateral
complete cleft lip and palate, rehabilitated with implant-supported
prosthesis;
➢ Group Fixed Prosthesis (G2) – 15 adults with unilateral complete cleft lip
and palate, rehabilitated with fixed prosthesis.
The assessment was performed through 3D images of the maxillary models at
the following periods:
➢ Time 1 (T1): after

the

orthodontic

treatment,

requiring

prosthetic

rehabilitation;
➢ Time 2 (T2): one year after the prosthetic rehabilitation.
Scanning of the models
We used a laser scanner (3Shape's R700TM Scanner, Copenhagen,
Denmark) to digitize the study casts obtained from the files of the institution. The
images were analyzed through Appliance Designer Software (3Shape, Copenhagen,
Denmark).
Obtaining of the measurements
The maxillary dimensions were evaluated through the linear measurements:
inter-canine (C-C’), inter-molars (M-M’), and total arch length (I-M), that is, the results
were analyzed by the change in the measurements at the studied periods. Considering
the study variables, period and groups, we verified the stability of the dental arches.
The dental arch stability was evaluated by the variation in the linear
measurements during the study interval (from T1 to T2). We used the following formula
Δ=T2-T1, were Δ was the difference in the measurements from T2 to T1. This method
was chosen to allow an objective and coherent data analysis. The results of this
formula can be either positive or negative. Positive values indicated an increase in
dental arch, that is, no expansion loss occurred, leading to dental arch stability.
Negative values, on the other hand, indicated expansion loss after the orthodontic
treatment. Moreover, the Δ values indicate the stability amplitude, that is, the
measurement in millimeters (mm) of the expansion loss, when present.
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Landmarks were marked on the images of the maxillary arch to obtain the
linear measurements (Table 1 and Figure 1). All measurements were performed pointby-point through the measurement tool of the software.

Table 1 - Definition and description of the Linear Measurements (mm)
Linear Measurements (mm)

Abbreviation

Definition

Inter-canine

C-C’

From the right maxillary canine cusp tip to the left
maxillary canine cusp tip.

Inter-molar

M-M’

From the mesial-buccal cusp tip of the right maxillary
first molar to the mesial-buccal cusp tip of the left
maxillary first.

Incisor-molar line

I-M

Anterior-posterior length – determined from the line
perpendicular to the Incisor point (I) to the line of the
inter-molar distance (MM’).

Figure 1 - Landmarks used for the analysis of the digital models

Statistical analysis
All statistical analyses were performed by Statistica software (Statistica for
Windows - Version 7.0 - StatSoft). To analyze the intraexaminer error (systematic
error), half of the sample was measured again 15 days after the first measurement. To
calculate the systematic error, paired t test was used at level of significance of 5%.
Dahlberg’s formula determined the casual error. Shapiro-Wilk test was applied to verify
the data homogeneity and normality. We applied t test and Mann-Whitney, at level of
significance of 5%.
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RESULTS
The sample was selected according to inclusion and exclusion criteria with
homogenous distribution of age and gender, without statistically significant differences
(Table 2).

Table 2 - Sample distribution
Groups

N

Gender n (%)

G1

20

Female 13 (65%)
Male 7 (35%)

Mean ± SD (years)

p

25.35 ± 2.88
0.79

G2

Female 8 (53.3%)
Male 7 (46.7%)

15

25.06 ± 3.36

G1= Group Implant-supported prosthesis; G2= Group Fixed prosthesis; SD= standard-deviation.

Method error
The examiner (VPC) reassessed all measurements (C-C’, M-M’, and IM) after
20 days to verify the intraexaminer reproducibility and the Dahlberg’s formula 18 and
paired t test analyzed the data, without statistically significant differences (p≥0.05).
Maxillary dimensions
At T1, immediately after the orthodontic treatment finalization, the intergroup
comparison showed no statistically significant differences in the maxillary dimensions
(Table 3). At T2, at least one year after the prothesis installation, the groups showed a
similar behavior, without statistically significant differences in maxillary dimensions
(Table 4).

Table 3 - Intergroup comparisons of maxillary dimensions (mm) immediately after the orthodontic
treatment finalization (T1) (t test)
Measurements
T1

G1

G2

Mean ± SD

Mean ± SD

95% CI

p≤0.05

C-C’

34.01 ± 3.43

31.49 ± 4.07

-0.07 – 5.09

0.056

M-M’

52.74 ± 3.66

52.61 ± 3.37

-2.32 – 2.59

0.912

I-M

26.80 ± 3.73

24.35 ± 3.91

-0.20 – 5.09

0.069

G1= Group Implant-supported prosthesis; G2= Group Fixed prosthesis; SD= standard-deviation; CI= confidence interval.
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Table 4 - Intergroup comparisons of maxillary dimensions (mm) at least one year after the prothesis
installation (T2) (t test)
Measurements
T2

G1

G2

Mean ± SD

Mean ± SD

95% CI

p≤0.05

C-C’

34.00 ± 3.40

32.83 ± 3.50

-1.22 – 3.56

0.32

M-M’

52.08 ± 3.25

51.82 ± 2.74

-1.85 – 2.38

0.80

I-M

26.79 ± 3.29

24.69 ± 3.53

-0.26 – 4.46

0.07

G1= Group Implant-supported prosthesis; G2= Group Fixed prosthesis; SD= standard-deviation; CI= confidence interval.

Only the intercanine measurement (ΔC) showed statistically significant
differences (p=0.01) between groups (Table 5).
Both ΔM and ΔIM showed no statistically significant differences (Table 5). The
inter-molar measurement (ΔM) exhibited a similar behavior in all individuals
rehabilitated either by implants or conventional fixed prosthesis with a decrease in the
measurements of -0.65 mm and -0.7 mm, respectively (Table 5).

Table 5 - Intergroup comparison of the stability (Δ = T2-T1) of the maxillary dimensions (mm) (t test)
Variables

G1

G2

Mean ± SD

Mean ± SD

95% CI

p≤0.05

ΔC

-0.005 ± 1.17

1.334 ± 1.83

-2.37 – 0,30

0.01*

ΔM

-0.659 ± 1.65

-0.788 ± 1.78

-1.06 – 1,32

0.82

ΔIM

-0.010 ± 1.27

0.338 ± 1.56

-1.32 – 0,62

0.47

G1= Group Implant-supported prosthesis; G2= Group Fixed prosthesis; SD= standard-deviation.
*Statistically significant difference p≤0.05.

DISCUSSION
The treatment of individuals with CLP is long and requires and interdisciplinary
team, starting with the accomplishment of the primary surgeries (cheiloplasty and
palatoplasty), usually up to 12 months of life, but not restricted only to the anatomic
repair of the cleft5. The interdisciplinary team is necessary5,6,7,8 to promote the
anatomic and functional rehabilitation until the individual reaches the skeletal
maturity8,9.
The primary surgeries lead to a deleterious effect on the maxillary growth,
mainly in individuals with clefts involving the lip, alveolus, and palate. The main
consequence is the restriction of the maxillary growth, caused by the tissue healing
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shrinkage on the segmented maxilla, the main factor for the alteration in the growth
pattern16. To correct the cleft is only the onset of the treatment and the challenge for
the interdisciplinary team because the treatment outcome is evaluated by the balance
between the facial appearance, speech, and face growth5, aiming at the social insertion
of the individual.
The study casts obtained by the dentists involved in the oral rehabilitation of
the individual with CLP are of easy and fast execution and effective to observe the
changes in craniofacial growth that can be diagnosed by the analysis of the transversal,
vertical, and anterior-posterior dental relations16,17.
The 3D technology is a modern tool to improve the potential of these dental
assessment because the digitized models allow the three-dimensional analysis, which
is a significant change in data collection15,19,20,21,22,23,24,25. The digitized models has
many advantages as: rotation and handling similar to that of study casts 26,27,28,
accurate measurements, more adequate handling and storage, on-line sharing of the
information that enable multicenter studies to evaluate, plan, and execute the phases
of the rehabilitative treatment23,24,25. Studies on the comparison of measurements on
digital and conventional models concluded that 3D images are clinically acceptable
and reproducible26,27,28. The easy data collection and handling through specific
software were important advantages in this present study that evaluate longitudinally
at two different periods: just after the orthodontic treatment finalization and at least one
year after the oral rehabilitation with either tooth- or implant-supported prosthesis.
This study used strategic anatomic landmarks to evaluate and compare the
dimensional alterations of the dental arches in permanent dentition: intercanine relation
–measured by the cusp tips of the maxillary canines (C-C’); intermolar relation –
measured by the mesial-buccal cusp tips of the maxillary first molars (M-M’), and total
arch length (I-M) – measured by mesial-incisal angle of the left central
incisor20,26,27,28,29,30,31,32,33,34.
The oral rehabilitation of individuals with oral clefts involves all dental
specialties during all the different treatment phases, but the orthodontic treatment and
the planning of dental prosthesis play a decisive role in rehabilitation. The orthodontics
is a complex treatment in individuals with CLP because the agenesis of the lateral
incisor is very frequent and should be previously evaluated 5. The dental prosthesis is
required when the orthodontic movement is not enough to rehabilitate the esthetics
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and function5. Among the many options of dental prostheses, the main types to
rehabilitate the cleft area are the conventional tooth-supported and the implantsupported prostheses.
The stability of the dental arches of individuals with CLP is largely studied
during and after the orthodontic treatment aiming at evaluating the maxillary
expansion30,35, which is required due to the deficient maxillary growth pattern 5,35. But,
the maxilla segmentation due to cleft itself is a factor contributing for the stability of the
rehabilitative/orthodontic treatment.
At T1, the groups were homogenous, validating the sample. At T2, after the
prosthesis installation on cleft area (tooth- or implant-supported) no statistically
significant differences occurred between groups. The stability achieved after the
orthodontic treatment should be maintained by the prosthetic rehabilitation. In this
study, the difference in ΔC revealed that the conventional fixed prosthesis stabilized
the anterior area of the maxillary dental arch in individuals with CLP. Thus, although
the implant-supported prosthesis appeals to the individuals, with adequate biological
and mechanical conditions, not even this is the more adequate therapeutic option
because the implant-supported prosthesis showed lack of stability in the inter-canine
relation.
Brägger, Burger and Ingervall (1991) evaluated individuals with unilateral and
bilateral CLP at the ending of the surgical and orthodontic treatment and after the
installation of a short removable partial denture (for the individuals with unilateral CLP
– 8 years of following-up). They observed a small decreasing in the maxillary width and
in the inter-molar measurements36. Similarly, in this present study, the inter-molar
relation decreased for both groups in individuals with unilateral CLP. Also, Ramstad
and Jendal (1997) reported a decreasing in the inter-molar distances. These authors
evaluated the study casts of 22 individuals (mean age of 18.1 years) treated through
orthodontic expansion and prosthesis as retainer. The prosthesis comprised a fixed
partial denture, supported by the central incisor and the cleft-side canine tooth. The
authors found a decrease in the inter-canine measurements and affirmed that most of
the post-treatment changes occurred during the first five years. The authors did not
find a total stability even after 13.5 years of following-up37. This result is different from
those of this present study, which found a stability in CC' measurement in-group fixed
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prosthesis. The different following-up periods may account for this difference between
the study findings.
Li and Lin (2007) by evaluating the post-orthodontic retainers in individuals
with CLP verified that the distances increased after the orthodontic treatment and
decreased after the retainer installation30. This result is partially different from that of
this present study evidencing the stability of the inter-canine relation in the group fixed
prosthesis, probably a response to the retention provided by the fixed prosthesis.
Fixed partial denture is characterized by the tooth preparation and splinting of
the teeth aiming at replacing the missed tooth. In individuals with CLP, the metal
superstructure strategically retains the cleft area. On the other hand, the rehabilitation
with implant-supported prosthesis comprised a single prosthesis on the area of the
secondary bone graft. Our results showed that this latter approach led to expansion
loss of 0.005 mm, while the fixed prosthesis reached stability with the increase of 1.33
mm in the inter-canine distance (Table 5).
The inter-molar measurement decreased in both groups, with loss of
expansion of -0.65 mm and -0.7 mm for group implant and fixed prosthesis,
respectively (Table 5), We hypothesize that in the posterior area of the arch, without
prosthesis in both groups, the behavior of the palate segmentation caused by the cleft
led to the lack of dental arch stability.
This is the first study analyzing the stability of dental arches in individuals with
CLP and further studies on different prosthesis types and on different rehabilitation
protocols provided by other centers are necessary to establish protocols for adults with
CLP.
CONCLUSION
In adults with CLP rehabilitated by either conventional fixed or implantsupported prosthesis, the dental arch stability was different. The conventional fixed
prosthesis resulted in greater stability of linear dimensions of the maxillary dental arch.
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3.2 ARTICLE 2 – Impact of orofacial dysfunction on the quality of life of adult patients
with cleft lip and palate*

*

Mariano NCR, Sano MN, Curvêllo VP, Almeida ALPF, Neppelenbroek KH, Oliveira TM, Soares S.
Impact of orofacial dysfunction on the quality of life of adult patients with cleft lip and palate. Cleft Palate
Craniofac J. In press 2018.
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4 GENERAL CONCLUSIONS

Individuals with CLP, invariably had compromised orofacial dysfunction
compared with those without clefts. Esthetics, phonetics, and stomatognathic function
influences on the Quality of Life. These factors directly relate with the oral rehabilitation
with tooth- or implant-supported prosthesis. When assessed alone, the Quality of Life
values of individuals with CLP were higher, showing that the rehabilitative treatment of
the Hospital for Rehabilitation of Craniofacial Anomalies is reaching the proposed goal.
On the other hand, the correlation between the Quality of Life (SF-36) and orofacial
dysfunction (NOT-S), independent of oral rehabilitation, the domains: vitality, general
health, and emotional aspects negatively impact on the quality of life of individuals with
CLP.
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