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RESUMO

Avaliacao longitudinal 3D dos arcos dentarios de pacientes com fissura
labiopalatina unilateral

O propdsito deste estudo foi realizar uma analise das alteracdes dimensionais
dos arcos dentarios superiores de criangcas com fissura labiopalatina, antes e apés
as cirurgias plasticas primarias. A amostra foi composta por 150 modelos dentarios
digitalizados de criangas entre 3 e 36 meses de vida, divididos em 2 grupos: fissura
completa de labio unilateral (FLU) e fissura de labio e palato unilateral (FLPU). Os
arcos dentarios foram avaliados nas seguintes fases: pré-queiloplastia (F1), pré-
palatoplastia (F2) e 1 ano pés-palatoplastia (F3). Os modelos dentarios foram
mensurados por meio de um software do sistema de estereofotogrametria. Analisou-
se distancias intercanino e intertuberosidade, comprimentos anterior e total do arco
dentario, além da area dos arcos dentarios. A analise da reprodutibilidade
intraexaminador demonstrou que todas as mensuragdes foram suficientemente
reprodutiveis (p>0.05). Foram aplicados os Testes t independente e Mann-Whitney
para verificar as alteragdes ocorridas entre os diferentes grupos. Para avaliagao
intragrupos, a Analise de Varidncia de medidas repetidas (ANOVA de medidas
repetidas) foi utilizada para analisar as fases do protocolo reabilitador no grupo FLPU,
seguido do Teste de Tukey. Os Testes t pareado e Wilcoxon foram aplicados na
comparacgao as fases do tratamento da FLU. Em F1, as distancias intercanino e
intertuberosidade apresentaram valores significativamente maiores no grupo FLPU
em relagdo ao grupo FLU. Os comprimentos, anterior e total, do arco dentario, e a
area foram significativamente menores no grupo FLPU. Na pré-palatoplastia, todas
as variaveis analisadas, exceto a distancia intertuberosidade, apresentaram valores
estatisticamente maiores no grupo FLU. A distancia intercanino e o comprimento
anterior apresentaram uma reducgao significativa, no entanto a intertuberosidade e o
comprimento total do arco dentario demonstraram um crescimento significativo entre
F1 e F3 (grupo FLPU). De acordo com os resultados obtidos, a cirurgia plastica
primaria influenciou no crescimento e desenvolvimento dos segmentos 6sseos dos
arcos dentarios das criangas com FLU e FLPU. A queiloplastia afetou negativamente
o desenvolvimento da regido anterior do palato, de forma mais notéria no grupo
FLPU. A palatoplastia ndo afetou o crescimento da regiao posterior do palato.

Palavras-chave: Fenda labial. Fissura palatina. Modelos Dentarios.






ABSTRACT

3D longitudinal evaluation of dental arch in children with unilateral
cleft lip and palate

This study aimed to analyse the alterations of the maxillary dental arches of
children with cleft lip and palate before and after the primary plastic surgeries. The
sample comprises 150 digitized dental casts from children, age between 3 and 36
months, divided in: unilateral complete cleft lip (UCL) and unilateral complete cleft lip
and palate (UCLP). The dental arches were evaluated in the following phases: before
cheiloplasty (T1), before palatoplasty (T2), and one year after palatoplasty (T3). The
digitized dental casts were measured three-dimensionally through the software of the
stereophotogrammetry systems. The following distances were analysed: intercanine
and intertuberosity distances; anterior and total dental arch length; dental arch area.
The intraexaminer agreement analysis demonstrated that all measurements were
reproductible (p>0.05). Independent t test and Mann-Whitney test were used to verify
the changes occurred between groups. Repeated-measures ANOVA followed by
Tukey test analysed the different phases of the rehabilitation protocol in the group
UCLP. Paired t test and Wilcoxon test compared the different phases of the group
UCL. At T1, intercanine and intertuberosity distances had statistically higher values in
group UCLP than in group UCL. The dental arch lengths and the area were
significantly smaller in group UCLP. Before palatoplasty, maxillary dimensions
significantly increased, except for intertuberosity distance in UCL. The intercanine
distance and the anterior length had a significant decreased, but the intertuberosity
measurement and the total dental arch length showed significant increase between
T1 and T3 (group UCLP). Based on these results, the primary plastic surgery
negatively influences the bone segments growth and development of the maxillary
dental archs of children with UCL and UCLP. The cheiloplasty negatively affected the
development of the anterior palate, more evidently for the group UCLP. The

palatoplasty did not affect the growth of the posterior palate.

Key words: Cleft Lip. Cleft Palate. Dental Models.
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1 INTRODUCTION

Cleft lip and palate (CLP) is a huge public health problem, because CLP is
the most prevalent craniofacial anomaly in humans (YAKOB et al., 2017), caused by
lack of fusion of one or more embryonic facial processes resulting in discontinued
areas in lip and/or palate (DIXON et al., 2011). Oral clefts take place between the 4t
and 12" weeks of intrauterine life (FREITAS et al., 2012) and have multifactorial
etiology determined by genetic and environmental factors (SHAH et al., 2016).

A diagnosis hypothesis can be performed at pregnancy, but the definitive
proof occurs only after birth (JAMES; SCHLIDER, 2016; SHIBUI et al., 2016). The
multidisciplinary rehabilitation requires a specific approach according to the size of
the anatomic defect within the different CLP types (FREITAS et al., 2012; LAMBERT
et al., 2016). The goal is not only to repair the anatomic defect, but also to assure
favourable conditions to swallow, breath, speak, and hear, achieving esthetics and
consequently to reach the adaptation and acceptance of the child in social life
(FREITAS et al., 2012; RUSKOVA et al., 2014).

Among the numerous surgical interventions to rehabilitate the individual
with cleft lip and palate, the cheiloplasty and palatoplasty are performed months after
the child's birth (FREITAS et al., 2012b; CHEPLA; GOSAIN, 2013), the so-called
primary plastic surgeries. Although these procedures promote the anatomic-
functional reconstruction, studies suggest that these surgeries may restrict the
growth and development of the dental arches (REISER et al., 2013; ZHU et al.,
2016). However, the literature lacks consensus on which surgery would cause the
most significant negative effects and which period would be the most suitable to
perform those surgeries (FUCHIGAMI et al., 2011; VALENTOVA-STRENACIKOVA;
MALINA, 2016).

The professionals must have knowledge about the factors causing
dimensional alterations on dental arches. The studies indicate that the cleft width, the
type of surgical technique, the number of plastic surgeries, the surgeon’s ability, the
tissue trauma caused by the surgeries, the amount of scar tissue, and the individual’s
genetic pattern of growth (REISER et al., 2013; FUCHIGAMI et al., 2011; RUSSEL et
al., 2015; JONES et al., 2016) may cause alterations that influence on the outcome

of the rehabilitation protocol.
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Plaster dental casts are an indispensable dental examination that must be
performed from birth to skeletal maturity (FREITAS et al., 2012b), once they enable
the view of maxillary and mandibular dental arch morphology, contributing for
diagnosis, pre- and post-surgical planning, and following-up of the rehabilitation
protocol (ZHU et al., 2016). Although dental casts are the gold standard for diagnosis
and treatment, their disadvantages comprise large rooms for storage, material’s
fragility, and likelihood to loss the casts (CHAWLA et al.,, 2013; LIPPOLD et al.,
2015).

The most suitable method to replace study casts is either laser or
stereophotogrammetry scanning (SFORZA et al., 2013; KUIJPERS et al., 2014;
LAMBERT et al., 2016; ZHU et al., 2016; CERON-ZAPATA et al., 2016; DE
MENEZES et al., 2016), because both are non-invasive methods and make easy the
longitudinal analysis of the outcomes for the rehabilitation process (CODARI et al.,
2016).

The advantages of scanning relate to less space for storing information,
easy access and transfer of data, and information durability (SFORZA et al., 2012;
CHAWLA et al., 2013; LIPPOLD et al., 2015). Also, the digital file can be attached to
the person’s file, which aids in the interchange of information among researchers,
professionals, and institutions.

The early evaluation of dental arches enables improving the technique and
quality of the surgical interventions and excludes some steps of the rehabilitation
process resulting in unsatisfactory outcomes (REISER et al., 2013; LAMBERT et al.,
2016). This analysis is an important marker of the quality of the therapeutic approach
in individuals with cleft lip and palate (CERON-ZAPATA et al., 2016; DE MENEZES
et al., 2016).
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2 ARTICLE

This paper will be submitted to the Journal of Dental Research.

Introduction

Cleft lip and palate (CLP) is a huge public health problem, because CLP is
the most prevalent craniofacial anomaly in humans (YAKOB et al., 2017), caused by
lack of fusion of one or more embryonic facial processes resulting in discontinued
areas in lip and/or palate (DIXON et al., 2011). Oral clefts take place between the 4t
and 12" weeks of intrauterine life (FREITAS et al., 2012) and have multifactorial
etiology determined by genetic and environmental factors (SHAH et al., 2016).

Among the numerous surgical interventions to rehabilitate the individual
with cleft lip and palate, the cheiloplasty and palatoplasty are performed months after
the infant's birth (FREITAS et al., 2012b; CHEPLA; GOSAIN, 2013), the so-called
primary plastic surgeries. Although these procedures promote the anatomic-
functional reconstruction, studies suggest that these surgeries may restrict the
growth and three-dimensional development of the dental arches (REISER et al.,
2013; ZHU et al., 2016). However, the literature lacks consensus on which surgery
would cause the most significant negative effects and which period would be the
most suitable to perform those surgeries (FUCHIGAMI et al., 2011; VALENTOVA-
STRENACIKOVA; MALINA, 2016).

Plaster dental casts are an indispensable dental examination that must be
performed from birth to skeletal maturity (FREITAS et al., 2012b), because they
enable the tridimensional (3D) view of maxillary and mandibular dental arch
morphology, contributing for diagnosis, pre- and post-surgical planning, and
following-up of the rehabilitation protocol (ZHU et al., 2016). Although dental casts
are the gold standard for diagnosis and treatment, their disadvantages comprise
large rooms for storage, material’s fragility, and likelihood to loss the casts (CHAWLA
et al., 2013; LIPPOLD et al., 2015).

The most suitable method to replace study casts is either laser or
stereophotogrammetry scanning (SFORZA et al.,, 2013; KUIJPERS et al.,, 2014;
CERON-ZAPATA et al., 2016; DE MENEZES et al., 2016; LAMBERT et al., 2016;
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ZHU et al.,, 2016), because both are non-invasive methods and make easy the
longitudinal analysis of the outcomes of the rehabilitation process (CODARI et al.,
2016).

The early evaluation of dental arches enables improving the technique and
quality of the surgical interventions and excludes some steps of the rehabilitation
process resulting in unsatisfactory outcomes (REISER et al., 2013; LAMBERT et al.,
2016). This analysis is an important marker of the quality of the therapeutic approach
in individuals with cleft lip and palate (CERON-ZAPATA et al., 2016; DE MENEZES
et al., 2016). Thus, this study analysed the 3D alterations of the maxillary dental
arches with unilateral complete cleft lip (UCL) and unilateral complete cleft lip and

palate (UCLP) before and after the primary plastic surgeries.

Material and methods

Experimental design

This study was submitted and approved by the Institutional Review Board
regarding the ethical aspects under protocol n°® CAAE 48123315.4.0000.5441 (Annex
A).

The sample size was calculated so that the number of individuals met that
required to enable the study. For that purpose, we used the study of Lo et al. (2003).
With level of significance of 5%, power test of 80%, and the minimum difference to be
clinically detected of 100 mm?, the minimum sample size calculated was of 29
children per group.

One hundred and fifty dental casts were obtained from 60 children with
UCL (n=30) and UCLP (n=30), with or without Simonart’s band, both genders, age
between 3 and 36 months, without syndromes or malformations. The dental casts
were performed in the Hospital for the Rehabilitation of Craniofacial Anomalies,
University of Sdo Paulo, Brazil (HRAC/USP). The children were regularly enrolled at
the institution and should have the dental casts at the following rehabilitation periods:
pre-cheiloplasty (T1), pre-palatoplasty (T2), and 1 year after palatoplasty (T3) - only
for UCLP children.
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Obtaining of the digital casts and the measurements

The dental casts were scanned through a commercially available laser
scanner (3Shape’s R700™ Scanner) at HRAC/USP. The files of the 3D images were
stored in STL format.

The measurements were executed through the appropriate tool of the
stereophotogrammetry system software (Mirror imaging software, Canfield Scientific
Inc., Fairfield, NJ, USA) at the University of Milan (UniMi), Italy (SFORZA et al., 2012,
2013; PUCIARELLI et al., 2015; CERON-ZAPATA et al., 2016; CODAR!I et al., 2016;
DE MENEZES et al., 2016).

Linear measurements

The anatomic landmarks (Table 1, Figure 1) were marked on the maxillary
dental arches to perform the linear measurements. All measurements were
performed at each point through the software measurement tool that acquired the
image according to the Cartesian planes, linked them all, and processed the image.

The following linear measurements were obtained (Table 2, Figure 1):
intercanine and intertuberosity distances (SFORZA et al., 2012; REISER et al., 2013;
CARRARA et al., 2016; FALZONI et al., 2016; JORGE et al., 2016), anterior
(REISER et al.,, 2013) and total length of dental arch (REISER et al., 2013;
CARRARA et al., 2016; HOFFMANNOVA et al., 2016; JORGE et al., 2016).

Table 1 — Anatomic reference points

Anatomic

. Abbreviation Definition
points
Interincisor | Point on the mesial incisal areas between the maxillary
central incisors.
Canine Cand C Points of eruption of canine teeth on the alveolar ridge.
Tuberosity Tand T Points on the posterior extremity (junction of the alveolar

ridge crest with the tuberosity contour).

Table 2 — Linear measurements

Measurements Definition
c-C Intercanine distance — transversal line on the dental arch between points C
and C'.
; Intertuberosity distance — posterior transversal line on the dental arch
T-T . ;
between points T and T'.
, Anterior length of dental arch — sagittal line from point | perpendicular to
I-CC . )
distance C - C'.
LT Total length of dental arch — sagittal line from point | perpendicular to

distance T-T'.
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Figure 1: Anatomic landmarks and linear measurements.

Surface measurements

The area of the dental arches of the children with CLP were analysed and
measured in mm? (LO et al., 2003; DARVANN et al., 2007; DE MENEZES et al.,
2016).

At all phases of the group UCL, the area was marked from the alveolar
ridge to the intertuberosity distance - posterior limit - (LO et al., 2003) (Figures 2 and
3). At phases T1 and T2, in group UCLP, the dental arch area was marked from the
alveolar ridge, outlining all palatal segment adjacent to the cleft (Figure 4), obtaining:
the area of the major palatal segment (Area M) and minor palatal segment (Area m).
Also, the area of the cleft (Area c) was measured at T1 and T2 (CARRARA et al.,
2016). At phase T3 of group UCLP, after palatoplasty, the area was measured as
described above for the group UCL. Thus, to enable a comparative inter- and
intragroup analysis (UCLP), we performed the sum of the areas of the bone

segments (Area).
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Figure 2 - Delimitation of the dental arch of group UCL.

Figure 4 - Areas of the palatal bone segments of group UCLP.
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Statistical analysis

All statistical analyses were executed by GraphPad Prism software (Prism
5 for Windows - Version 5.0 — GraphPad software., Inc.), adopting the level of
significance of 5%. The Shapiro-Wilk normality test was applied in the quantitative
measurements (Annex B).

To analyse the intraexaminer error, paired t test was applied in 1/3 of the
dental casts, measured again 15 days after the first measurement. When the variable
did not show normal distribution, Wilcoxon test was used. The casual error was
determined by Dahlberg’s formula. Independent t test and Mann-Whitney test were
used to verify the changes occurred between groups. Repeated-measures ANOVA
followed by Tukey test analysed the different phases of the rehabilitation protocol in
the group UCLP. Paired t test and Wilcoxon test compared the different phases of the
group UCL.

Results

Table 3 displays the sample characterization regarding gender and cleft
side of the children participating in the study.

Table 3 — Sample characterization regarding gender and cleft side

Variables UCL UCLP
Gender, n(%)
Male 12 (40%) 17 (56.7%)
Female 18 (60%) 13 (43.3%)
Cleft side, n(%)
Right 5 (16.7%) 11 (36.7%)
Left 25 (83.3%) 19 (63.3%)

The age (in years) of the children were compared at the different treatment
phases. The age median of group UCL was 0.295 (T1) and 1.749 (T2). In group
UCLP, the age median was 0.291; 1.083; and 2.25 years, respectively for T1; T2;
and T3. Statistically significant differences in age occurred between groups UCL and
UCLP at T2 and in the difference between T2-T1 (p< 0.001).
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Method error

The intraexaminer reproducibility was analysed and no statistically

significant differences in the repeated measurements (Tables 4 and 5).

Table 4 — Analysis of the intraexaminer reproducibility for the repeated measurements in group UCL

(Paired t test and Wilcoxon test, Dahlberg’s Formula)

15t measurement 2"Y measurement Dahlberg’s
Variables Mee_an SD Mea_m SD formula P
(Median) (1A) (Median) (1A)

T
c-C 25.18 1.37 25.21 1.55 0.259 0.804
T-T 31.47 2.07 31.45 2.1 0.265 0.919
|-CC 8.664 3.784A 8.35A 3.12A 0.246 0.556
1-TT 30.79 3.08 30.75 3 0.252 0.761
Area 1049.5 A 88.54A 1064.54A 92.25A 1.516 0.474

T2
c-C 28.97 2.09 29.02 2.21 0.206 0.572
T-T 35.82 2.67 35.93 2.64 0.233 0.335
|-CC 8.61 1.63 8.55 1.62 0.198 0.585
|-TT 32.75 3.41 32.73 3.47 0.321 0.918
Area 1152.07 419.59 1245.9 158.43 2.479 0.266

A Median and IA (interquartile amplitude), Wilcoxon test.

Table 5 — Analysis of the intraexaminer reproducibility for the repeated measurements in group UCLP
(Paired t test and Dahlberg’s Formula)

15t measurement 2" measurement Dahlberg’s

Variables Mean SD Mean SD formula P
T
c-C 28.73 2.93 28.88 2.85 0.219 0.141
T-T 36.67 4 36.63 4.04 0.184 0.676
|-CC 7.52 1.74 7.43 1.52 0.219 0.360
|-TT 27.46 1.96 27.39 2.04 0.251 0.566
Area 1338 175.48 1340.9 173.72 1.204 0.812
T2
c-C 28.32 2.11 28.42 2.09 0.141 0.148
T-T 37.65 2.13 37.54 1.98 0.258 0.391
I-CC 6.75 1.03 6.76 1.15 0.212 0.891
|-TT 29.42 2.4 29.43 2.39 0.152 0.924
Area 1350.1 158.79 1358.3 161.95 2.024 0.144
T3
c-C 26.89 2.8 27.03 2.94 0.180 0.083
T-T 39.42 3.15 39.49 3.08 0.185 0.456
|-CC 6.33 1.4 6.15 1.21 0.296 0.195
1-TT 31.39 1.81 31.51 1.8 0.202 0.196

Area 1164 124.86 1173.2 110.72 2.144 0.336
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Dimensional changes in group UCL

The maxillary dimensions of group UCL, during the evaluated phases are
described in table 6.

Table 6 — Analysis of the maxillary linear (mm) and surface dimensions (mm?) in group UCL, at T1 and
T2 (Paired t test and Wilcoxon test)

T T2
Variables Mean SD Mean SD P
(Median) (1A) (Median) (1A)
c-C 25.86 1.63 29.25 1.75 <0.0001*
T-T 31.07 2.14 37.63 3.69 <0.0001*
|-CC 8.28 1.68 7.99 1.65 0.515
I-TT 31.18 2.66 31.62 2.97 0.526
Area 10804 94.25A 1264 A 160.54A <0.0001*

*Statistically significant difference.
A Median and IA (interquartile amplitude), Wilcoxon test.

The intercanine (C - C’) and intertuberosity distances (T - T') showed
statistically higher values at T2. The anterior length of the dental arch (I - CC’)
decreased after surgery, but without statistically significant differences. The total
length of the dental arch (I - TT’) increased after the surgery, again without significant
differences. The area showed statistically higher values at T2 than that of T1.

Dimensional changes in group UCLP

The maxillary dimensions of group UCLP, during the evaluated phases are
described in table 7.

Table 7 - Analysis of the maxillary linear (mm) and surface dimensions (mm?) in group UCLP at
Phases 1; 2; and 3 (ANOVA, Tukey test)

Variables T T2 T3 P
Mean SD Mean SD Mean SD
Cc-C 282 3.22 27.298 2.77 26.63P 2.68 0.001*
T-T 35.052 4.28 36.85b 3.23 38.82¢ 3.14 < 0.0001*
I-CcC 7.262 1.29 6.51b 1.12 5.96° 1.28 < 0.0001*
I-TT 27.447 2.48 28.62° 2.65 29.96¢ 2.67 < 0.0001*
Area 965.58 2 168.58 1100.2°b 128.17 1082.7° 147.9 < 0.0001*

* Statistically significant difference.
Equal lowercase letters in line means no statistically significant difference.
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The distance C - C’ decreased after cheiloplasty, but without statistically
significant difference between T1 and T2. At the last phase, this distance had
statistically lower values than that at T1. The distance T - T' and the total length of the
dental arch (I - TT’) showed significant increase at all evaluated phases. The anterior
length of the dental arch (I - CC’) exhibited statistically reduction between T1 and T2
(after cheiloplasty), but without statistically difference between T2 and T3. The area
had a significant increase after cheiloplasty. However, after the palatoplasty, the area

did not have significant changes (Table 8).

Table 8 — Analysis of the maxillary surface dimensions (mm?) in group UCLP, at T1 and T2
(Paired t test)

. T1 T2
Variables Mean SD Mean SD P
Area M 567.36 97.32 647.23 81.92 0.0011*
Aream 398.38 94.84 452 .96 66.65 0.0016*
Area c 309.4 73.74 212.66 83.39 <0.0001*

* Statistically significant difference.

The major (Area M) and minor (Area m) palatal segments significantly
increased at the evaluated periods. However, the cleft area (Area c) significantly
decreased after cheiloplasty.

Dimensional changes between groups UCL and UCLP

The comparison of the maxillary dimensions of groups UCL and UCLP, at
phases T1 and T2 are described in tables 9, 10, and 11.

Table 9 — Analysis of the maxillary linear (mm) and surface dimensions (mm?2) of groups UCL and
UCLP, at T1 (Independent t test)

. UCL UCLP
Variables Mean SD Mean SD P
c-C 25.86 1.63 28 3.22 0.0020*
T-T 31.07 2.14 35.05 4.28 <0.0001*
I-CC 8.28 1.68 7.26 1.29 0.0108*
I-TT 31.18 2.66 27.44 2.48 <0.0001*
Area 1098.3 82.96 965.66 168.58 0.0003*

* Statistically significant difference.
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The distances C - C' and T - T’ had statistically higher values in group
UCLP than in group UCL, before the surgery. The sagittal lengths | - CC’, | - TT" and
the area were significantly smaller in group UCLP.

Table 10 — Comparison of the maxillary linear (mm) and surface dimensions (mm?) of groups UCL and
UCLP, at T2 (Independent t test and Mann Whitney test)

UCL UCLP
Variables Mean SD Mean SD P
(Median) (1A) (Median) (1A)
c-C 29.25 1.75 27.29 2.77 0.0018*
T-T 37.63 3.69 36.85 3.23 0.3925
I-CC 7.99 1.65 6.51 1.12 <0.0001*
I-TT 31.62 2.97 28.62 2.65 <0.0001*
Area 1264 A 160.54 1079.54 174.75A 0.0001*

* Statistically significant difference.
A Median and IA (interquartile amplitude), Mann Whitney test.

After cheiloplasty, the distance C - C’, the dental arch lengths (I - CC’, | -
TT’), and the area exhibited statistically lower values in group UCLP. No statistically

significant change occurred in the intertuberosity distance between groups at T2.

Table 11 — Comparison of the changes in the maxillary linear (mm) and surface dimensions (mm?)
between T2-T1, in groups UCL and UCLP (Independent t test)

. UCL UCLP
Variables Mean SD Mean SD P
c-C 3.39 1.84 -0.7 1.91 < 0.0001*
T-T 6.55 3.8 1.8 2.75 < 0.0001*
|-CC -0.28 2.4 -0.74 1.2 0.3540
I-TT 0.43 3.74 1.17 2.68 0.3827
Area 165.6 125.34 134.53 148.23 0.3844

* Statistically significant difference.

From pre-cheiloplasty to pre-palatoplasty periods, the intercanine and
intertuberosity distances significantly increased in group UCL. The sagittal variables

and the area did not show statistically significant differences between groups.

Discussion

The use of the anatomic landmarks is a common parameter used for the
anthropometric analysis of children with cleft lip and palate (HONDA et al., 1995;
HUANG et al., 2002; LO et al., 2003; SFORZA et al., 2012; HARILA et al., 2013;
REISER et al.,, 2013; ROUSSEAU et al., 2013; FUCHIGAMI et al., 2011;
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FERNANDES et al., 2015; CARRARA et al.,, 2016; FALZONI et al.,, 2016;
HOFFMANNOVA et al., 2016; JORGE et al., 2016). The literature lacks consensus
on a gold-standard procedure to mark these landmarks, which may difficult the
analysis. However, the definition of these landmarks is simplified in high-quality
dental casts by the 3D image magnification and rotation and by the expertise of the
examiner in performing the anthropometry of the children dental arches (SECKEL et
al., 1995; HARILA et al., 2013).

The linear anthropometry is used to analyse the therapeutic approach of a
given institution (FUCHIGAMI et al., 2011; CARRARA et al., 2016; FALZONI et al.,
2016; JORGE et al., 2016). Some studies assess the dental arch area of children
with CLP (LO et al., 2003; DARVANN et al.,, 2007; CARRARA et al., 2016; DE
MENEZES et al., 2016). In this study, the delimitation of the dental arches at the pre-
surgical phases in group UCLP was based on the study of Carrara et al. (2016), who
analysed the bone segments of the dental arch and the cleft. Generally, the studies
analyse the palatal bone segments of children with UCLP, but not the cleft, at pre-
and post-surgical phases (LO et al., 2003; DARVANN et al., 2007; DE MENEZES et
al., 2016). The study of Lo et al. (2003) assessed the area of children with CLP, but
not longitudinally. Thus, the measurements of the dental arches of children with oral
clefts enable a careful and progressive evaluation of the rehabilitation protocol since
the first months of life (FERNANDES et al., 2015).

The intercanine and intertuberosity distances of group UCL showed a
significant growth after the cheiloplasty, while the sagittal distances (I - CC’ and | -
TT’) did not grow expressively. To the best of our knowledge, the literature lacks
studies that analyse these measurements at the pre- and post-surgical phases in
children. The small anatomic-functional impairment, the small incidence, and the
favourable prognosis of this cleft type account for the few studies on children with
UCL.

In 2003, Lo et al. evaluated 3-month-old children prior to surgery and
found the following means: 27.34 mm, 29.3 mm, and 863.15 mm? for the intercanine
and intertuberosity distances, and dental arch area, respectively. The distances of
this present study differed from those of the study of Lo et al. (2003) by 1.65 mm;
however, the area difference between the two studies was extremely significant,
higher than 215 mm?2. The study of Fernandes et al. (2015) also evaluated children

with UCL, but together with children with bilateral cleft lip (BCL) and did not measure
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the sagittal dimensions of the dental arches probably because this measurement
would be different in the children with BCL regarding the great projection of the
anterior portion of the maxilla.

Honda et al. (1995) evaluated the post-surgical period of cheiloplasty at 4
years of age and found a growth in the transversal distances (C-C' and T - T’) and a
decrease in the anterior arch length, similar to the findings of this present study.

At the evaluated phase of group UCLP, the dimensions of the anterior
portion of the palate (C — C" and | - CC’) reduced after the primary surgeries, but the
total arch length and the intertuberosity distance significantly increased. These
results agree with other studies on the pre- and post-surgical digital anthropometry of
the dental arches, such as Carrara et al. (2016) that verified the same surgical
technique at two phases: pre-cheiloplasty and one year after palatoplasty.

In the study of Jorge et al. (2016), the analysis consisted of assessing the
anthropometry of children with UCLP submitted to different rehabilitation protocols:
cheiloplasty with and without pre-surgical orthopaedic treatment. In both groups,
regardless of the protocol, the distance C — C' reduced and the distance T — T
increased. Nevertheless, McCance et al. (1990) affirmed that adults with UCLP that
never underwent the plastic surgeries have a progressive transversal reduction
compared with adults without oral clefts. The rationale behind this fact is that the
palatal segments intrinsically displaced towards the midline, causing the
approximation of the palatal shelves, justifying the smaller linear measurements of
adults with UCLP compared with individuals without oral clefts (MCCANCE et al.,
1990).

Generally, the rehabilitation protocol states that the primary plastic
surgeries are conducted at the first months of life. Thus, since then, the primary
surgeries influence on the position of the bone segments. In this present study, from
T1 to T2, the group UCLP showed a significant surface increase of the palatal
segments and reduction of the cleft area from 309.4 to 212.66 mm?, together with a
decrease of the linear measurements on the anterior portion of the palate.

Thus, we hypothesize that the remodelling of the fibres of the orbicularis
oris muscle during the cheiloplasty causes the repositioning of the alveolar bone
edge that before the surgery had an increased overjet. This pressure of the fibre
direction change would justify the results of this study, in which the anterior length

discreetly reduced after cheiloplasty.
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In the analysis of the dimensional changes before cheiloplasty, the group
UCLP exhibited an increase in distances C - C’ and T - T' and a decrease in the
sagittal and area measurements compared with group UCL. Other authors also
demonstrated the smaller transversal distances and higher palatal surface in children
with UCL (LO et al., 2003). For example, the study of Fernandes et al. (2015) found
26.49 mm and 28.31 mm (C — C’); 32.98 mm and 35 mm (T — T") respectively for the
groups UCL and UCLP. These data confirm that the cleft amplitude and the intrinsic
lack of tissue affects the dimensions of the individuals with UCLP.

In this present study, after the cheiloplasty, the values of the distances C —
C,1-CC,|-TT and the area of group UCLP were still lower than those of the
group UCL. The post-cheiloplasty transversal narrowing of children with UCLP
(compared with children with UCL) was observed by Honda et al. (1995) at complete
deciduous dentition. The authors found a significant reduction of the measurements
of the anterior portion of the palate compared with children with UCL, although the
total length was higher in group UCLP, even when the children with UCLP underwent
one-stage Wardill-Kilner push-back palatoplasty at 2 years of age.

It is difficult to compare the results of different studies because of different
study methodologies, treatment protocols, and follow-up. These factors should be
carefully analysed (BRAUMANN et al., 2003). The literature fails to point out which
primary surgical technique and surgical period would cause more restrictive effects
on the development of the maxillary arch. In fact, there are few studies that only
measure the effects of operative procedures, considering the diversity of techniques
and surgical times (HUANG et al., 2002; XU et al., 2015; CARRARA et al., 2016;
TOME et al., 2016).

The face analysis of the cleft types reveals that all types are influenced by
the cheiloplasty, but UCLP exhibits the most evident morphological problem
(DADAKOVA et al., 2016). The longitudinal study of Huang et al. (2002) clearly
pointed out the growth inhibition of the anterior portion of the palate after cheiloplasty,
proved by linear and angular measurements. The continuous pressure exerted by the
tissue reconstruction over the dental arch explains this result (HUANG et al., 2002).
Capelozza Filho et al. (1996) and Li et al. (2006) suggested that the cheiloplasty is
the main responsible factor for inhibiting the maxillary growth in individuals with cleft

lip and palate based on the cephalometric results.
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Some authors demonstrated that the palatoplasty caused different
consequences on the three-dimensional development of the maxilla. Carrara et al.
(2016) demonstrated that one-stage technique had higher values of total arch length
than two-stage technique, one year after palatoplasty. Although other authors
affirmed that the difference in growth does not exist (TOME et al., 2016). In 2015, Xu
et al. concluded that regardless of the number of surgical phases, the palatoplasty
can inhibit the sagittal growth of the maxilla. The results of this present study did not
support this influence.

According to the analyses of this present study results, further
anthropometric studies using digital images are necessary to evaluate the
rehabilitation protocols aiming to improve the clinical practice of the interdisciplinary
team, determine new parameters for the rehabilitation process of the individuals with
cleft lip and palate, and confirm the results through longer following-up periods to
provide favourable quality of life of these individuals.

Conclusion

Based on these results, the primary plastic surgery negatively influences
the bone segments growth and development of the maxillary dental archs of children
with UCL and UCLP. The cheiloplasty negatively affected the development of the
anterior palate, more evidently for the group UCLP. The palatoplasty did not affect

the growth of the posterior palate.
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3 DISCUSSION

Aiming at explaining properly the data obtained in this study, firstly we
discuss the sample and applied methodology. Then, we discuss the results by
compare them with the literature, including the clinical relevance of this study.

Sample

In this study, the sample comprised 60 children of both genders, equally
divided into two groups according to the type of CLP, submitted to cheiloplasty
(Millard technique) as of 3 months of age and total palatoplasty (Von-Langenback
technique) as of 12 months of age (only for group UCLP) by the plastic surgeons of
the institution.

The sample size was very similar to other studies which employed from 7
to 30 children (HONDA et al., 1995; CARRARA et al., 2016; CERON-ZAPATA et al.,
2016; FALZONI et al., 2016; JORGE et al., 2016). The reasons for this number are
the inclusion criteria, the incidence of the craniofacial anomaly in the geographic
area, and the difficulty in longitudinally following-up the rehabilitation protocol. This
latter is justified by the lack of compliance of the individuals to attend periodic
following-up appointments in the institution due to cultural (beliefs) and economic
(government support) challenges. Also, children depend on their parents to attend
the appointments in the institution, and generally, they live in other cities far from that
of the institution.

The age range used in this study agrees with those of the literature on the
analysis of the clinical outcomes of the dental arch growth and development of
children submitted to therapeutic approaches at the first months of life (HARILA et
al.,, 2013; REISER et al., 2013; ROUSSEAU et al., 2013; CARRARA et al., 2016;
CERON-ZAPATA et al., 2016; DE MENEZES et al., 2016; FALZONI et al., 2016;
HOFFMANNOVA et al., 2016; JORGE et al., 2016).

Previously to each surgical phase and one year after the last primary
surgery, the children enrolled at the institution are strictly followed-up by a clinical
documentation protocol comprising the impression of the maxillary arch and extra-

and intraoral photographs. The parents and/or legal guardians are instructed about
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the importance to attend these procedures, the execution of the procedure, and the
possible problems during the impression (crying and nausea) (FREITAS et al., 2012;
FERNANDES et al., 2015).

Caution was taken to select dental casts with good quality to enable
marking the anatomic landmarks of the linear measurement and the outlining for the
surface area measurement (SECKEL et al., 1995). Notwithstanding, the impression
procedure in infants is difficult because the child lacks enough cognitive capacity to
understand the importance of the dental documentation. Accordingly, the procedure
was performed by dentists with large experience in that task and with the compliance
of the parents and/or legal guardians.

Usually the studies only focus on the dimensional analyses of the dental
arches of children with cleft lip and palate (HUANG et al., 2002; SFORZA et al.,
2012; ROUSSEAU et al., 2013; FUCHIGAMI et al., 2011; PUCCIARELLI et al., 2015;
CARRARA et al., 2016; CERON-ZAPATA et al., 2016; DE MENEZES et al., 2016;
FALZONI et al., 2016; HOFFMANNOVA et al., 2016; JORGE et al., 2016) because
this is the most prevalent type (CYMROT et al.,, 2010; NEVES et al.,, 2016;
PACAKOVA et al, 2016). The studies comprise the assessment of different
corrective surgical techniques (CARRARA et al., 2016; TOME et al., 2016), analyses
of rehabilitative protocols (ROUSSEAU et al.,, 2013; FUCHIGAMI et al.,, 2011,
PUCCIARELLI et al., 2015; CERON-ZAPATA et al., 2016; FALZONI et al., 2016;
HOFFMANNOVA et al., 2016; JORGE et al., 2016), and comparison of the cleft
subtypes (HONDA et al., 1995; LO et al., 2003; HARILA et al., 2013; REISER et al.,
2013; FERNANDES et al., 2015). Nevertheless, the literature lacks studies on the
comparison of the dental arches anthropometry of children with and without cleft
(FERNANDES et al., 2015).

Methods

Both the laser scanner and the stereophotogrammetry systems are
devices largely employed in the digitation of dental casts producing high-resolution
three-dimensional images (SFORZA et al.,, 2012; FUCHIGAMI et al., 2011;
FERNANDES et al.,, 2015; PUCCIARELLI et al., 2015; CARRARA et al., 2016;
CERON-ZAPATA et al., 2016; DE MENEZES et al., 2016; FALZONI et al., 2016;
HOFFMANNOVA et al., 2016; JORGE et al., 2016). Moreover, these systems are
non-invasive tools, with fast acquisition, which do not emit radiation that may damage
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the health of individuals (PUCCIARELLI et al., 2015; CODARI et al., 2016). However,
the high cost may limit their use in rehabilitation centres.

The advantages of the 3D images over the traditional dental casts are:
non-degradation of the documentation, no need of physical storage room, storage in
databank linked to an integrated system of health institutions, easy sharing either
among the professionals of the same institution or among rehabilitative centres to
enable the discussion on the therapeutic approaches for the quantitative and
qualitative analysis of the treatment (QUIMBY et al., 2004; FLEMING et al., 2010;
SFORZA et al., 2012; DE MENEZES et al., 2016; FALZONI et al., 2016).

The use of the anatomic landmarks is a common parameter used for the
anthropometric analysis of children with cleft lip and palate (HONDA et al., 1995;
HUANG et al., 2002; LO et al., 2003; SFORZA et al., 2012; HARILA et al., 2013;
REISER et al.,, 2013; ROUSSEAU et al.,, 2013; FUCHIGAMI et al.,, 2011;
FERNANDES et al., 2015; CARRARA et al, 2016; FALZONI et al., 2016;
HOFFMANNOVA et al., 2016; JORGE et al., 2016). The literature lacks consensus
on a gold-standard procedure to mark these landmarks, which may difficult the
analysis. However, the definition of these landmarks is simplified in high-quality
dental casts by the 3D image magnification and rotation and by the expertise of the
examiner in performing the anthropometry of the children dental arches (SECKEL et
al., 1995; HARILA et al., 2013).

The linear anthropometry is used to analyse the therapeutic approach of a
given institution (FUCHIGAMI et al., 2011; CARRARA et al., 2016; FALZONI et al.,
2016; JORGE et al., 2016). Some studies assess the dental arch area of children
with CLP (LO et al., 2003; DARVANN et al.,, 2007; CARRARA et al., 2016; DE
MENEZES et al., 2016). In this study, the delimitation of the dental arches at the pre-
surgical phases in group UCLP was based on the study of Carrara et al. (2016), who
analysed the bone segments of the dental arch and the cleft. Generally, the studies
only analyse the palatal bone segments of children with UCLP, but not the cleft, at
pre- and post-surgical phases (LO et al.,, 2003; DARVANN et al.,, 2007; DE
MENEZES et al., 2016). The study of Lo et al. (2003) assessed the area of children
with CLP, but not longitudinally. Thus, the measurements of the dental arches of
children with oral clefts enable a careful and progressive evaluation of the
rehabilitation protocol since the first months of life (FERNANDES et al., 2015).
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Some anthropometric analysis software licenses have considerable high
costs for the rehabilitation centres. Notwithstanding, the use of the software enables
not only the linear analyses, but also angular, surface, volumetric analysis, as well as
superposition of pre- and post-surgical images that allow verifying the growth of the
anatomic areas of interest. The software is safe analysis tools that replace the
measurements directly on the dental casts, as proven by the studies evaluating these
tools (LEIFERT et al., 2009; BOOTVONG et al., 2010; DOGAN et al., 2012; SFORZA
et al., 2012; LIPPOLD et al., 2015).

Results

In this study, both the calibration and training of the examiner was very
important for precisely identify the landmarks, particularly because of the low age of
the sample. The repeatability of the measurements did not show statistically
significant differences, assuring the reproducibility of the measurements. According
to Seckel et al. (1995), the reproducibility of the measurements is achieved by the

examiner’s experience and the satisfactory quality of the dental casts.

Intragroup dimensional changes

The intercanine and intertuberosity distances of group UCL showed a
significant growth after the cheiloplasty, while the sagittal distances (I - CC’ and | -
TT’) did not grow expressively. To the best of our knowledge, the literature lacks
studies that analyse these measurements at the pre- and post-surgical phases in
children. The small anatomic-functional impairment, the small incidence, and the
favourable prognosis of this cleft type account for the few studies on children with
UCL.

In 2003, Lo et al. evaluated 3-month-old children prior to surgery and
found the following means: 27.34 mm, 29.3 mm, and 863.15 mm? for the intercanine
and intertuberosity distances, and dental arch area, respectively. The distances of
this present study differed from those of the study of Lo et al. (2003) by 1.65 mm;
however, the area difference between the two studies was extremely significant,
higher than 215 mm?. The study of Fernandes et al. (2015) also evaluated children
with UCL, but together with children with bilateral cleft lip (BCL) and did not measure

the sagittal dimensions of the dental arches probably because this measurement
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would be different in the children with BCL regarding the great projection of the
anterior portion of the maxilla.

Honda et al. (1995) evaluated the post-surgical period of cheiloplasty at 4
years of age and found a growth in the transversal distances (C-C and T - T’) and
total arch length and a decrease in the anterior arch length, similar to the findings of
this present study.

At the evaluated phase of group UCLP, the dimensions of the anterior
portion of the palate reduced (C — C" and | - CC’) after the primary surgeries, but the
total arch length and the intertuberosity distance significantly increased. These
results agree with other studies on the pre- and post-surgical digital anthropometry of
the dental arches, such as Carrara et al. (2016) that verified the same surgical
technique at two phases: pre-cheiloplasty and one year after palatoplasty.

In the study of Jorge et al. (2016), the analysis consisted of assessing the
anthropometry of children with UCLP submitted to different rehabilitation protocols:
cheiloplasty with and without pre-surgical orthopaedic treatment. In both groups,
regardless of the protocol, the distance C — C' reduced and the distance T — T
increased. Nevertheless, McCance et al. (1990) affirmed that adults with UCLP that
never underwent the plastic surgeries have a progressive transversal reduction
compared with adults without oral clefts. The rationale behind this fact is that the
palatal segments intrinsically displaced towards the midline, causing the
approximation of the palatal shelves, justifying the smaller linear measurements of
individuals with UCLP compared with individuals without oral clefts (MCCANCE et al.,
1990).

Generally, the rehabilitation protocol states that the primary plastic
surgeries are conducted at the first months of life. Thus, since then, the primary
surgeries influence on the position of the bone segments. In this present study, from
T1 to T2, the group UCLP showed a significant surface increase of the palatal
segments and reduction of the cleft area from 309.4 to 212.66 mm?, together with a
decrease of the linear measurements on the anterior portion of the palate.

Thus, we hypothesize that the remodelling of the fibres of the orbicularis
oris muscle during the cheiloplasty causes the repositioning of the alveolar bone
edge that before the surgery had an increased overjet. This pressure of the fibre
direction change would justify the results of this study, in which the anterior length

discreetly reduced after cheiloplasty.
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As far as we are concerned, the literature lacks a methodology to analyse
quantitatively how much the intrinsic displacement of the bone segments, the 3D

growth of the dental arch, and the plastic primary surgeries account for this reduction.

Intergroup dimensional changes

In the analysis of the dimensional changes before cheiloplasty, the group
UCLP exhibited an increase in distances C - C’ and T - T’ and a decrease in the
sagittal and area measurements compared with group UCL. Other authors also
demonstrated the smaller transversal distances and higher palatal surface in children
with UCL (LO et al., 2003). For example, the study of Fernandes et al. (2015) found
26.49 mm and 28.31 mm (C — C’); 32.98 mm and 35 mm (T — T") respectively for the
groups UCL and UCLP. These data confirm that the cleft amplitude and the intrinsic
lack of tissue affects the dimensions of the individuals with UCLP.

In this present study, after the cheiloplasty, the values of the distances C —
C,1-CC,|-TT and the area of group UCLP were still lower than those of the
group UCL. The post-cheiloplasty transversal narrowing of children with UCLP
(compared with children with UCL) was observed by Honda et al. (1995) at complete
deciduous dentition. The authors found a significant reduction of the measurements
of the anterior portion of the palate compared with children with UCL, although the
total length was higher in group UCLP, even when the children with CLP underwent
one-stage Wardill-Kilner push-back palatoplasty at 2 years of age.

It is difficult to compare the results of different studies because of different
study methodologies, treatment protocols, and follow-up. These factors should be
carefully analysed (BRAUMANN et al., 2003). The literature fails to point out which
primary surgical technique and surgical period would cause more restrictive effects
on the development of the maxillary arch. In fact, there are few studies that only
measure the effects of operative procedures, considering the diversity of techniques
and surgical times (HUANG et al., 2002; XU et al.,, 2015; CARRARA et al., 2016;
TOME et al., 2016).

The face analysis of the cleft types reveals that all types are influenced by
the cheiloplasty, but exhibits the most evident morphological problem (DADAKOVA
et al., 2016). The longitudinal study of Huang et al. (2002) clearly pointed out the
growth inhibition of the anterior portion of the palate after cheiloplasty, proved by

linear and angular measurements. The continuous pressure exerted by the tissue
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reconstruction over the dental arch explains this result (HUANG et al., 2002).
Capelozza Filho et al. (1996) and Li et al. (2006) suggested that the cheiloplasty is
the main responsible factor for inhibiting the maxillary growth in individuals with cleft
lip and palate based on the cephalometric results.

Some authors demonstrated that the palatoplasty caused different
consequences on the three-dimensional development of the maxilla. Carrara et al.
(2016) demonstrated that one-stage technique had higher values of total arch length
than two-stage technique, one year after palatoplasty. Although others authors
affirmed that the difference in growth does not exist (TOME et al., 2016). In 2015, Xu
et al. concluded that regardless of the number of surgical phases, the palatoplasty
can inhibit the sagittal growth of the maxilla. The results of this present study did not
support this influence.

This present study design aimed to avoid bias by selecting only children
submitted to 1) cheiloplasty by Millard’s technique (both groups), as of 3 months of
age; 2) one-step palatoplasty (group UCLP), as of 12 months of age, performed by
experienced plastic surgeries with and following the rehabilitation protocol of the

institution.

Clinical relevance

The dental documentation of children through dental casts is important for
the diagnosis and evaluation of their intrinsic features without the action of saliva and
soft tissues and enable to follow-up the early development and growth of the dental
arches. The measurements obtained from these dental casts play a relevant role in
the pre-operative planning, execution of surgeries, and following-up of the
rehabilitative protocol of cleft lip and palate, both in the clinical and scientific research
setting.

According to the analyses of this present study results, further
anthropometric studies using digital images are necessary to evaluate the
rehabilitation protocols aiming to improve the clinical practice of the interdisciplinary
team, determine new parameters for the rehabilitation process of the individuals with
cleft lip and palate, and confirm the results through longer following-up periods to

provide favourable quality of life of these children.






References







References 45

REFERENCES

Bootvong K, Liu Z, McGrath C, Hagg U, Wong RW, Bendeus M, Yeung S. Virtual
model analysis as an alternative approach to plaster model analysis: reliability and
validity. Eur J Orthod. 2010;32:589-95.

Braumann B, Keilig L, Stellzig-Eisenhauer A, Bourauel C, Berge S, Jager A. Patterns
of maxillary alveolar arch growth changes of infants with unilateral cleft lip and palate:
preliminary findings. Cleft Palate Craniofac J. 2003;40:363-72.

Capelozza Filho L, Normando AD, Da Silva Filho OG. Isolated influences of lip and
palate surgery on facial growth: comparison of operated and unoperated male adults
with UCLP. Cleft Palate Craniofac J. 1996;33:51-6.

Carrara CFC, Ambrosio ECP, Mello BZF, Jorge PK, Machado MAAM, Oliveira TM.
Three-dimensional evaluation of surgical techniques in neonates with orofacial cleft.
Ann Maxillofac Surg. 2016;6:246-50.

Cerdén-Zapata AM, Lopez-Palacio AM, Rodriguez-Ardila MJ, Berrio-Gutiérrez LM, De
Menezes M, Sforza C. 3D evaluation of maxillary arches in unilateral cleft lip and
palate patients treated with nasoalveolar moulding vs. Hotz's plate. J Oral Rehabil.
2016;43:111-8.

Chawla O, Atack NE, Deacon SA, Leary SD, Ireland AJ, Sandy JR. Three-
dimensional digital models for rating dental arch relationships in unilateral cleft lip
and palate. Cleft Palate Craniofac J. 2013;50:182-6.

Chepla KJ, Gosain AK. Evidence-based medicine: cleft palate. Plast Reconstr Surg.
2013;132:1644-48.

Codari M, Pucciarelli V, Tommasi DG, Sforza C. Validation of a technique for
integration of a digital dental model into stereophotogrammetric images of the face
using cone-beam computed tomographic data. Br J Oral Maxillofac Surg.
2016;54:584-6.

Cymrot M, Sales FCD, Teixeira FAA, Teixeira Junior FAA, Teixeira GSB, Cunha
Filho JF, Oliveira NH. Prevaléncia dos tipos de fissura em pacientes com fissuras
labiopalatinas atendidos em um Hospital Pediatrico do Nordeste brasileiro. Rev Bras
Cir Plast. 2010;25:648-51.



46 References

Dadakova M, Cagarova V, Dupej J, Hoffmannova E, Borsky J, Veleminska J. Three-
dimensional evaluation of facial morphology in pre-school cleft patients following
neonatal cheiloplasty. Craniomaxillofac Surg J. 2016;44:1109-16.

Darvann TA, Hermann NV, Ersbgll BK, Kreiborg S, Berkowitz S. Palatal surface area
of maxillary plaster casts--a comparison between two-dimensional and three-
dimensional measurements. Cleft Palate Craniofac J. 2007;44:381-90.

De Menezes M, Ceron-Zapata AM, Lopez-Palacio AM, Mapelli A, Pisoni L, Sforza C.
Evaluation of a 3D Stereophotogrammetric Method to Identify and Measure the
Palatal Surface Area in Children With Unilateral Cleft Lip and Palate. Cleft Palate
Craniofac J. Cleft Palate Craniofac J. 2016;53:16-21.

Dixon MJ, Marazita ML, Beaty HT, Murray JC. Cleft lip and palate:understanding
genetic and environmental influences. Nature. 2011;12:167-178.

Dogan S, Olmez S, Semb G. Comparative assessment of dental arch relationships
using Goslon Yardstick in patients with unilateral complete cleft lip and palate using
dental casts, two-dimensional photos, and three-dimensional images. Cleft Palate
Craniofac J. 2012;49:347-51.

Falzoni MMM, Jorge PK, Laskos KV, Carrara CFC, Machado MAAM, Valarelli FP,
Oliveira TM. Three-dimensional dental arch evaluation of children with unilateral
complete cleft lip and palate. Dent Oral Craniofac Res. 2016;2:238-41.

Fernandes VM, Jorge PK, Carrara CFC, Gomide MR, Machado MAAM, Oliveira TM.
Three-dimensional Digital Evaluation of Dental Arches in Infants with Cleft Lip and/or
Palate. Brazilian Dental J. 2015;26:297-302.

Fleming P, Marinho V, Johal A. Orthodontic measurements on digital study models
compared with plaster models: a systematic review. Orthod Craniofac Res.
2011;14:1-16.

Freitas JA, das Neves LT, de Almeida AL, Garib DG, Trindade-Suedam IK, Yaedu
RY, Lauris Rde C, Soares S, Oliveira TM, Pinto JH. Rehabilitative treatment of cleft
lip and palate: experience of the Hospital for Rehabilitation of Craniofacial
Anomalies/USP (HRAC/USP)--Part 1: overall aspects. J Appl Oral Sci. 2012; 20:9-
15.



References 47

Freitas JA, Garib DG, Oliveira M, Lauris RC, Almeida AL, Neves LT, Trindade-
Suedam IK, Yaedu RY, Soares S, Pinto JH. Rehabilitative treatment of cleft lip and
palate: experience of the Hospital for Rehabilitation of Craniofacial Anomalies-USP
(HRAC-USP)--Part 2: pediatric dentistry and orthodontics. J Appl Oral Sci.
2012b;20:268-81.

Fuchigami T, Nakamura N, Nishihara K, Matsunaga K, Hasegawa H. Short-term
molding effects on the upper alveolar arch following unilateral cleft lip repair
with/without nasal vestibular expansion. Cleft Palate Craniofac J. 2014;51:557-68.

Harila V, Ylikontiola LP, Palola R, Sandor GK. Maxillary arch dimensions in cleft
infants in Northern Finland. Acta Odontol Scand. 2013;71:930-6.

Hoffmannova E, Bejdova S, Borsky J, Dupej J, Caganova V, Veleminska J. Palatal
growth in complete unilateral cleft lip and palate patients following neonatal
cheiloplasty: Classic and geometric morphometric assessment.Int J Pediatr
Otorhinolaryngol. 2016; 90: 71-6.

Honda Y, Suzuki A, Ohishi M, Tashiro H. Longitudinal study on the changes of
maxillary arch dimensions in Japanese children with cleft lip and/or palate: infancy to
4 years of age. Cleft Palate Craniofac J. 1995;32:149-55.

Huang CS, Wang WI, Liou EJ, Chen YR, Chen PK, Noordhoff MS. Effects of
cheiloplasty on maxillary dental arch development in infants with unilateral complete
cleft lip and palate. Cleft Palate Craniofac J. 2002;39:513-6.

James JN, Schlieder DW. Prenatal Counseling, Ultrasound Diagnosis, and the Role
of Maternal-Fetal Medicine of the Cleft Lip and Palate Patient. Oral Maxillofac Surg
Clin North Am. 2016;28:145-51.

Jones T, Leary S, Atack N, Ireland T, Sandy J. Which index should be used to
measure primary surgical outcome for unilateral cleft lip and palate patients? Eur J
Orthod. 2016;38:345-52.

Jorge PK, Gnoinski W, Laskos KV, Carrara CFC, Garib DG, Ozawa TO, Machado
MAAM, Valarelli FP, Oliveira TM. Comparison of two treatment protocols in children
with unilateral complete cleft lip and palate: Tridimensional evaluation of the maxillary
dental arch. J Craniomaxillofac Surg. 2016; 44:1117-22.



48 References

Kuijpers MA, Chiu YT, Nada RM, Carels CE, Fudalej PS. Three-dimensional imaging
methods for quantitative analysis of facial soft tissues and skeletal morphology in
patients with orofacial clefts: a systematic review. PLoS One. 2014; 7;9:€93442.

Lambert A, Piché M, Leclerc JE. Detailed Cleft Measurements: A Comparison
Between Isolated Cleft Palates and Cleft Palates Associated with Cleft Lips. Cleft
Palate Craniofac J. 2016;53:309-16.

Leifert MF, Leifert MM, Efstratiadis SS, Cangialosi TJ. Comparison of space analysis
evaluations with digital models and plaster dental casts. Am J Orthod Dentofacial
Orthop. 2009;136:16.e1-4; discussion 16.

Li Y, Shi B, Song QG, Zuo H, Zheng Q. Effects of lip repair on maxillary growth and
facial soft tissue development in patients with a complete unilateral cleft of lip,
alveolus and palate. J Craniomaxillofac Surg. 2006;34:355-61.

Lippold C, Kirschneck C, Schreiber K, Abukiress S, Tahvildari A, Moiseenko T,
Danesh G. Methodological accuracy of digital and manual model analysis in
orthodontics - A retrospective clinical study. Comput Biol Med. 2015;62:103-9.

Lo LJ, Wong FH, Chen YR, Lin WY, Ko EW. Palatal surface area measurement:
comparisons among different cleft types. Ann Plast Surg. 2003;50:18-23.

McCance AM, Roberts-Harry D, Sherriff M, Mars M, Houston WJ.
A study model analysis of adult unoperated Sri Lankans with unilateral cleft lip and
palate. Cleft Palate J. 1990;27:146-54.

Neves ATSC, Volpato LER, Espinosa MM, Aranha AMF, Borges AH. Environmental
factors related to the occurrence of oral clefts in a Brazilian subpopulation. Niger Med
J. 2016;57:167-72.

Pacakova D, Zabavnikova M, MikloSova M, Kukelova D, Dankovcik R.
Epidemiological Study of Orofacial Clefts among Population of Eastern Slovakia
during the Period 1996-2013. Cent Eur J Public Health. 2016;24:128-32.

Pucciarelli V, Pisoni L, De Menezes M, Ceron-Zapata AM, Lopez-Palacio AM, Codari
M, Sforza C. Palatal Volume Changes in Unilateral Cleft Lip and Palate Paediatric
Patients, 6th International Conference on 3D Body Scanning Technologies, Lugano,
Switzerland, 27-28 October 2015. DOI: 10.15221/15.139



References 49

Quimby ML, Vig KW, Rashid RG, Firestone AR. The accuracy and reliability of
measurements made on computer-based digital models. Angle Orthod. 2004;74:298-
303.

Reiser E, Skoog V, Andlin-Sobocki A. Early dimensional changes in maxillary cleft
size and arch dimensions of children with cleft lip and palate and cleft palate. Cleft
Palate Craniofac J. 2013;50:481-90.

Rousseau P, Metzger M, Frucht S, Schupp W, Hempel M, Otten JE. Effect of lip
closure on early maxillary growth in patients with cleft lip and palate. JAMA facial
Plast Surg. 2013;15:369-73.

Ruskova H, Bejdova S, Peterka M, Krajicek V, Veleminska J. 3-D shape analysis of
palatal surface in patients with unilateral complete cleft lip and palate. J
Craniomaxillofac Surg. 2014;42:e140-7.

Russell LM, Long RE Jr, Romberg E. The Effect of Cleft Size in Infants With
Unilateral Cleft Lip and Palate on Mixed Dentition Dental Arch Relationship. Cleft
Palate Craniofac J. 2015;52:605-13.

Seckel NG, van der Tweel |, Elema GA, Specken TF. Landmark positioning on
maxilla of cleft lip and palate infant--a reality? Cleft Palate Craniofac J. 1995;32:434-
41.

Sforza C, De Menezes M, Bresciani E, Ceron-Zapata AM, Lopez-Palacio AM.;
Rodriguez-Ardila MJ, Berrio-Gutierrez LM. Evaluation of a 3D stereophotogrammetric
technique to measure the stone casts of patients with unilateral cleft lip and palate.
Cleft Palate Craniofac J. 2012;49:477-83.

Sforza C, De Menezes M, Ferrario V. Soft and hard-tissue facial anthropometry in
three dimensions: what’s new. J Anthropol Sci. 2013;91:159-84.

Shah NSM, Salahshourifar I, Sulong S, Sulaiman WAW, Halim AS. Discovery of
candidate genes for nonsyndromic cleft lip palate through genome-wide linkage
analysis of large extended families in the Malay population. BMC Genet. 2016;11:1-
9.

Shibui T, Nomura T, Takano N, Katakura A, Nakano Y, Suga K, Narita M, Watanabe
A, Muramatsu K, Takamatsu K. Prenatal Counseling on Prenatal Diagnosis of Cleft
Lip and/or Cleft Palate at Tokyo Dental College Ichikawa General Hospital. Bull
Tokyo Dent Coll. 2016;57:43-50.



50 References

Tome W, Yashiro K, Otsuki K, Kogo M, Yamashiro T. Influence of different
palatoplasties on the facial morphology of early mixed dentition stage children with
unilateral cleft lip and palate. Cleft Palate Craniofac J 2016;53:€28-33.

Valentova-Strenacikova S, Malina R. Effects of early and late cheiloplasty on anterior
part of maxillary dental arch development in infants with unilateral complete cleft lip
and palate. Peer J. 2016; 15;4:€1620.

Xu X, Kwon HJ, Shi B, Zheng Q, Yin H, Li C. Influence of different palate repair
protocols on facial growth in unilateral complete cleft lip and palate. J
Craniomaxillofac Surg. 2015;43:43-7.

Yakob M, Rafidah HY, Gu M, Yang Y. Comparing Modified Huddart-Bodenham
Scoring System and GOSLON Yardstick to Assess Dental Arch Relationships in
Unilateral Cleft Lip and Palate Patients. Cleft Palate Craniofac J. 2017 Jan 16. doi:
10.1597/16-191. [Epub ahead of print]

Zhu S, Yang Y, Gu M, Khambay B. A Comparison of Three Viewing Media for
Assessing Dental Arch Relationships in Patients With Unilateral Cleft Lip and Palate.
Cleft Palate Craniofac J. 2016; 53:578-83.



Annexes







Annexes 53
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ANNEX B — Normality test (Shapiro Wilk)

Group UCL
. T1 T2
Variables
(P) (P)
c-C 0.852 0.205
T-T 0.759 0.813
I-CC 0.121 0.835
I-TT 0.199 0.139
Area 0.277 0.029*
*The variable does not present normal distribution.
. T2-T1
Variables
(P)
c-C 0.060
T-T 0.495
I-CC 0.408
I-TT 0.542
Area 0.945
T T2 T2-T1
Age (P) (P) (P)
0* 0.046* 0.001*
* The variable does not present normal distribution.
Group UCLP
i m T2 T3
Variables
(P) (P) (P)
c-cC 0.856 0.652 0.850
T-T 0.163 0.307 0.252
I-cC 0.770 0.196 0.855
I-TT 0.123 0.250 0.554
Aream 0.681 0.737 -
Area M 0.541 0.217 -
Area c 0.344 0.334 -
Area 0.465 0.471 0.840
. T2-T1
Variables
(P)
c-C 0.251
T-T 0.820
I-cC 0.192
I-TT 0.657
Area 0.970
T T2 T3 T2-T1
Age (P) (P) (P) (P)
0.0001* o* 0.0036* 0*

* The variable does not present normal distribution.
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Intraexaminer error

Group UCL
Variables 1t Measurement 2" Measurement
(P) (P)
T
C-C 0.117 0.394
T-T 0.988 0.993
I-CC 0.007* 0.040*
I-TT 0.791 0.655
Area 0.034* 0.016*
T2
C-C 0.690 0.891
T-T 0.301 0.084
I-CC 0.324 0.211
I-TT 0.820 0.891
Area 0.383 0.116

*The variable does not present normal distribution.

Group UCLP
Variables 1t Measurement 2" Measurement
(P) (P)

T

c-C 0.735 0.691

T-T 0.363 0.537
I-CC 0.889 0.959
I-TT 0.386 0.630

Area 0.902 0.776
T2 0.203 0.151

c-C

T-T 0.950 0.665
I-CC 0.494 0.671
I-TT 0.781 0.854

Area 0.770 0.447
T3 0.346 0.339

c-C

T-T 0.629 0.694
I-CC 0.705 0.310
I-TT 0.808 0.674

Area 0.506 0.884
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