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ABSTRACT

Objective: To compare dental positional and gingival parameters 
of maxillary anterior teeth in unilateral cleft lip and palate (UCLP) 
after orthodontic treatment with canine substitution due to lateral 
incisor agenesis. Methods: This split-mouth study comprised 57 
subjects with UCLP (31 male, 26 female) and agenesis of maxillary 
lateral incisor at the cleft side, from a single center. Canine sub-
stitution was completed after the secondary alveolar bone graft. 
Dental models were taken between 2 to 6 months after debonding 
(mean age: 20.4 years). The following variables were measured in 
the maxillary anterior teeth: crown height, width, proportion, and 
symmetry, as well as steps between incisal edges, gingival margins, 
tooth mesiodistal angulation and labiolingual inclination. Paired 
t-tests with Bonferroni post-hoc correction was used for compar-
isons between cleft and non-cleft sides (p<0.05). Results: At the 
cleft side, canines replacing missing lateral incisors had a higher 
crown height (0.77mm) and an increased width (0.67mm), and first 
premolars showed a shorter crown height (1.39mm). Asymmetries 
were observed in the gingival level of central and lateral incisors, 
with a greater clinical crown at the cleft side (0.61 and 0.81mm, 
respectively). Cleft side central incisors were more upright than 
their contralaterals (2.12º). Conclusions: Maxillary anterior teeth 
demonstrated positional, size and gingival height differences be-
tween cleft and non-cleft side after space closure of maxillary lat-
eral incisor agenesis. Slight asymmetries in tooth position and 
gingival margin in the maxillary anterior teeth should be expect-
ed after orthodontic treatment in UCLP patients.

Keywords: Digital models. Agenesis. Cleft lip and palate. 
Esthetics.
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RESUMO

Objetivo: O presente trabalho teve como objetivo comparar parâmetros 
dentários posicionais e gengivais de dentes anteriores superiores em pa-
cientes com fissura labiopalatina transforame unilateral (FLPTU) após 
tratamento ortodôntico com substituição de incisivo lateral ausente por 
canino, devido a agenesia. Métodos: Esse estudo de boca dividida reuniu 
uma amostra, de um mesmo centro especializado de tratamento, de 57 in-
divíduos com FLPTU (31 homens, 26 mulheres) e agenesia do incisivo la-
teral superior no lado da fissura. A substituição do incisivo lateral por um 
canino foi concluída após o enxerto ósseo alveolar secundário. Os modelos 
dentários foram obtidos entre dois e seis meses após a remoção do apare-
lho (idade média: 20,4 anos). Foram mensuradas nos dentes anteriores as 
variáveis: altura, largura, proporção e simetria da coroa, bem como as dis-
tâncias entre as bordas incisais, margens gengivais, angulação mesiodis-
tal e inclinação vestibulolingual. O teste t pareado com correção post-hoc 
de Bonferroni foi usado para comparações entre os lados fissurados e não 
fissurados (p<0,05). Resultados: No lado fissurado, os caninos que subs-
tituíram os incisivos laterais ausentes apresentaram uma altura de co-
roa maior (0,77  mm) e uma largura aumentada (0,67 mm). Os primeiros 
pré-molares apresentaram uma altura de coroa menor (1,39 mm). Assime-
trias foram observadas no nível gengival dos incisivos centrais e laterais, 
com maior coroa clínica no lado fissurado (0,61 e 0,81mm, respectivamen-
te). Os incisivos centrais do lado fissurado estavam mais intruídos do que 
os contralaterais (2,12 mm). Conclusão: Os dentes anteriores superiores 
demonstraram diferenças de posição, tamanho e altura gengival entre os 
lados fissurado e não fissurado, após o fechamento do espaço da agenesia 
dos incisivos laterais superiores. Leves assimetrias na posição do dente 
e margem gengival nos dentes anteriores superiores devem ser espera-
das após o tratamento ortodôntico em pacientes com fissura labiopalatina 
transforame unilateral.

Palavras-chave: Modelos digitais. Agenesia. Fissura de lábio e palato. 
Estética.
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INTRODUCTION

Cleft lip and palate (CLP) is the most frequent craniofacial 
anomaly in humans.1,2 Individuals with CLP often show facial 
and dental esthetics impairment, resulting in low self-stem 
and difficulties in social interactions.3 Craniofacial rehabilita-
tion aims to achieve adequate function and esthetics of the 
nose, lips and teeth, with the expectation to improve patient’s 
quality of life.4,5 Individuals with unilateral complete cleft lip 
and palate (UCLP) often have agenesis of the maxillary lateral 
incisors in the cleft area.6,7 The gold standard treatment plan 
is the mesial movement of maxillary canines after second-
ary alveolar bone graft (SABG) surgery in order to replace the 
missing lateral incisor.8,9

In non-cleft individuals, the orthodontic space closure of miss-
ing maxillary lateral incisors can provide excellent esthetics 
and functional results when multidisciplinary procedures are 
performed.10-12 The main advantages of space closure include 
avoiding the use of dental prosthesis and implants,13,14 and 
preventing long-term complications in gingival levels.15-18 
Particularly in individuals with UCLP, there is evidence that 
orthodontic space closure contributes to the maintenance 
of the alveolar graft in the cleft area,19,20 providing improved 
esthetic outcomes, when compared to cases treated with den-
tal implants or prosthetics in the missing lateral incisor area.21
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Few studies have been conducted in order to assess the ante-
rior dental esthetics of individuals with UCLP.21-23 Esper et al.22 

reported that 13.3% of patients with UCLP considered their smile 
as esthetically unpleasant after complete dental rehabilitation. 
The most common reasons for the dissatisfaction included tooth 
shape, tooth positioning, tooth contour/color, lip shape and level.22 
Another study in UCLP patients investigated the influence of var-
ious dental and surgical treatment options on gingival esthetics 
and oral health-related quality of life (OHRQoL). The authors con-
cluded that natural teeth integrated into the cleft area showed 
more adequate esthetics and better quality of life perception.21

No previous study evaluated the degree of symmetry of maxil-
lary anterior teeth in patients with UCLP after orthodontic treat-
ment with space closure of absent lateral incisors. Thus, the 
aim of this study was to compare dental position and gingival 
parameters of maxillary anterior teeth in UCLP patients after 
orthodontic treatment with canine substitution on the cleft 
side lateral incisor agenesis. The null hypothesis was that cleft 
and noncleft sides would demonstrate similar positional and 
gingival features of anterior teeth after orthodontic treatment. 

MATERIAL AND METHODS
This split-mouth study was approved by the Institutional Review 
Board of the Hospital for Rehabilitation of Craniofacial Anomalies, 
University of São Paulo (Protocol: 53829416.7.00005441). 
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The sample size was calculate considering a capability to detect 
a 0.5-mm difference in the crown height of maxillary central 
incisors, with a standard deviation of 1.3mm, obtained from 
a pilot study, considering an alpha of 5% and a power of 80%. 
The minimal required sample size was 56 subjects.

Patients with UCLP from a single center, that finished compre-
hensive orthodontic treatment between 2011 and 2016, were 
screened. The inclusion criteria were: presence of final dental 
models (2 to 6 months after debonding);  age varying from 15 
to 30 years at debonding; lip repair performed between 3 and 
6 months of age; palate repair performed between 12 and 18 
months of age; secondary alveolar bone graft procedure per-
formed with autogenous bone from the iliac crest between 9 
and 12 years of age; presence of both maxillary lateral incisor 
and canine in the noncleft side (NCS); agenesis of the lateral 
incisor at the cleft side (CS); history of comprehensive ortho-
dontic treatment including mesial movement of the maxillary 
canines and first premolars toward the alveolar grafted cleft 
site. The exclusion criteria were the presence of associated cra-
niofacial syndromes; tooth loss in the maxillary arch; prosthetic 
rehabilitation in any of the maxillary anterior region teeth; and 
anterior teeth crown fracture. 
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The final sample comprised post-debonding dental models of 
57 patients (31 males and 26 females) with a mean age of 20.4 
years. CS group was composed by the maxillary anterior teeth 
at the cleft side. NCS group comprised the maxillary anterior 
teeth at the non-cleft side. Pre-adjusted brackets (Capelozza 
prescription) were bonded in the center of clinical crown height, 
except the for cleft side canines, in which brackets were bonded 
slightly displaced toward cervical. The cleft side canine received 
their bracket with occlusocervical inverted position. Archwire 
bends were usually necessary during the finishing phase, and 
were performed when necessary. No reshaping of canine and 
premolars was performed until the end of the study. The aver-
age time of comprehensive orthodontic treatment was 4 years.

The posttreatment maxillary dental models of all subjects were 
scanned using a laser scanner 3Shape R700 3D (3Shape A/S, 
Copenhagen, Denmark). The images were saved in STL format 
and measured using the software OrthoAnalyzer 3D (3Shape 
A/S, Copenhagen, Denmark). An occlusal plane passing through 
the mesiobuccal cusp tip of the maxillary first molars and to the 
mesio-incisal point of the noncleft central incisor was positioned 
parallel to the horizontal plane in the model frontal view (Fig 1).
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A

B

Figure 1: Occlusal plane (OP). 
A) Occlusal plane was defined 
as a plane passing bilateral-
ly through the mesiobuccal 
cusp tip of the maxillary first 
molars and the mesioincisal 
point of the noncleft central 
incisor. B) Occlusal plane po-
sitioned parallel to the hori-
zontal plane.

The following variables were measured in the anterior maxil-
lary teeth: (a) crown height, (b) crown width, (c) crown width-to-
height proportion, (d) mesiodistal dimension of anterosuperior 
teeth in a frontal perspective, (e) incisal edge symmetry between 
homologous teeth, (f) central-to-lateral incisal step, and cen-
tral-to-canine incisal step, (g) gingival margin symmetry between 
homologous teeth, (h) central-to-lateral and central-to-canine 
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gingival step, (i)  crown angulation and (x)  crown inclination 
(Figs 2 and 3). In the cleft side, canines were considered as lat-
eral incisors, and first premolars were considered as canines. 
For measuring dental crown width and height, dental models 
were laterally rotated, in order to observe each tooth in a fron-
tal perspective (Fig 2). 

A

C

E

B

D

F

Figure 2: Digital dental model measurements using specific tools provided by the soft-
ware. A) crown width (maximum distance between the mesial and distal contact points 
of the tooth) and height (distance between gingival zenith to the incisal edge). B) anterior 
view width (virtual width of the anterior teeth). C) A line (L) parallel to the occlusal plane 
(OP) and tangent to the gingival zenith of the U1 of the NCS in the UCLP was drawn to eval-
uate the gingival margin and incisal edges. D) Gingival margin (distance from the zenith of 
each tooth to L). E) Incisal level (distance from L to OP). F) Angulation of U1 and U2 (angle 
between the long axis and the OP).
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For the other measurements, the models were fixed in the 
anterior frontal perspective, except for the crown inclination, 
which was measured from a distal view of each tooth crown.24 
The width dimension of the crown was considered the great-
est distance between the mesial and distal contact points of 
each tooth.25 The crown height was measured from the gingi-
val zenith to the incisal edge.25 The ratio between width and 
height was calculated.  

Teeth were measured twice by one investigator, with a minimal 
interval of three weeks. Intra-rater agreement was assessed 
using intraclass correlation coefficients (ICC). 

Figure 3: Crown labiolingual inclination of: A) Central incisor. B) lateral incisor and C) canine.

A B C
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Statistical analysis was performed considering the mean of the 
two measurements. The comparisons between the cleft and 
noncleft sides were evaluated using paired t-tests. Bonferroni 
correction for multiple comparisons was performed. The statis-
tical analyses were conducted with statistical software Statistical 
Package for the Social Sciences v. 21 (SPSS Inc, Chicago, EUA). 
Clinical relevance was considered when statistical differences 
were greater than 0.5mm or 1 degree.

RESULTS
Measurement agreements were considered good for linear vari-
ables (ICC≥0.75) and moderate for angular variables (0.4≤ICC<0,75). 
Mean differences between the linear and angular measurements 
were smaller than 0.5 mm and 1o, respectively.

The cleft side central incisors (U1) demonstrated a slightly 
greater mesiodistal width than contralaterals. Cleft side lat-
eral incisors (U2, canines replacing missing laterals) showed a 
greater crown height (+0.77mm) and a greater mesiodistal width 
(+0.67mm), compared to non-cleft side (Table 1). Conversely, 
first premolars (U3) replacing the canines at the cleft side 
showed a smaller tooth crown height (-1.39mm) in comparison 
to non-cleft side canines, influencing the crown width/height 
ratio (Table 1). Cleft side first premolars had slightly smaller 
mesiodistal width (-0.35mm).
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Table 1: Cleft and noncleft sides comparisons (paired t-tests).

U1= Central Incisor; U2= Lateral Incisor; U3= Canine. *Statistically significant. ** Negative values indicate an 
occlusal displacement in relation to the reference line. *** Negative values indicate an apical position of the 
variable.  **** Negative values indicate lingual inclination of the variable. After Bonferroni correction the level 
of significance considered was 1.66% for all measurements, except for width ratio, gingival step, incisal step 
and angulation, for which it was 2.5%.

Variable Teeth
Cleft  Side

(n=57)
Non Cleft  Side

(n=57) Diff. p
Mean SD Mean SD

Real width 
(mm)

U1 8.69 0.70 8.49 0.53 0.19 0.005*
U2 7.75 0.50 7.07 0.59 0.67 <0.001*
U3 7.32 0.56 7.68 0.52 -0.35 <0.001*

Height (mm)
U1 10.61 0.88 10.21 0.83 0.40 <0.001*
U2 9.28 1.09 8.50 0.91 0.77 <0.001*
U3 8.02 1.06 9.41 1.04 -1.39 <0.001*

Width/
Height ratio

U1 0.82 0.09 0.83 0.08 -0.01 0.023
U2 0.84 0.09 0.84 0.10 -0.00 0.079
U3 0.92 0.13 0.82 0.09 0.10 <0.001*

Anterior 
view width 

(mm)

U1 8.45 0.89 8.41 0.49 0.04 0.712
U2 6.36 0.26 6.07 0.49 0.28 <0.001*
U3 5.03 0.55 5.36 0.62 -0.32 0.005*

Width ratio 
(mm)

U2/U1 0.76 0.11 0.72 0.06 0.03 0.019*
U3/U2 0.79 0.09 0.89 0.13 -0.09 <0.001*

Gingival 
symmetry 

(mm)**

U1 0.62 0.83 0.00 0.00 0.62 <0.001*
U2 -0.40 1.19 -1.21 1.19 0.81 <0.001*
U3 -0.80 2.45 -1.34 0.94 0.54 0.156

Incisal 
symmetry 
(mm)***

U1 -0.16 0.44 0.00 0.00 -0.16 0.007*
U2 -0.40 0.54 -0.33 0.48 -0.06 0.509
U3 0.01 0.48 0.39 0.65 -0.37 0.002*

Gingival step 
(mm)**

U1 to U2 -1.02 1.16 -1.21 1.19 0.18 0.349
U1 to U3 -1.42 2.83 -1.34 0.94 -0.07 0.854

Incisal step 
(mm)***

U1 to U2 -0.24 0.65 -0.33 0.48 0.09 0.303
U1 to U3 0.18 0.54 0.39 0.65 -0.20 0.046

Angulation 
(degrees)

U1 0.70 4.18 2.82 3.57 -2.12 0.005*
U2 2.81 4.28 4.32 3.96 -1.51 0.033

Inclina-
tion (de-

grees)****

U1 8.28 4.68 8.63 4.45 -0.34 0.388
U2 7.41 4.22 8.36 4.65 -0.94 0.186
U3 -5.59 3.02 -5.41 2.97 0.18 0.691
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A clinically significant asymmetry was observed for the gingival 
levels, which were more apically displaced in the cleft side for 
the central (+0.62mm) and lateral incisors (+0.81mm) (Table 1). 
A slight asymmetry was also observed for the incisal edge level 
of central incisor and canines, which were less extruded at the 
cleft side, without clinical relevance (Table 1). 

The non-cleft side central incisors were more mesio-angulated, 
compared to cleft side central incisors (+2.12º) (Table 1).

DISCUSSION 
This is the first study analyzing the magnitude of asymmetries 
between cleft and noncleft side after comprehensive ortho-
dontic treatment in patients with complete unilateral cleft 
lip and palate. The cleft side has limitations for orthodontic 
finishing including the frequent prevalence of missing lateral 
incisors, the alveolar bone defect and the scars and fibrosis of 
the reconstructive plastic surgeries. The method of measuring 
digital dental models showed an adequate reproducibility. The 
angular measurements showed slightly less agreement than 
linear measurements, and these results are in accordance to 
previous studies.26,27 Digital dental models were previously val-
idated to quantitative measurements.28-31

An increased width for canines replacing lateral incisors on 
the cleft side was found, compared to the non-cleft side lateral 
incisor (Fig 4). A difficulty in achieving an acceptable esthetic 
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Figure 4: Three different subjects from the sample, with left complete unilateral cleft lip 
and palate, at the end of comprehensive orthodontic treatment. Observe dental and gin-
gival asymmetries between cleft and noncleft sides.

C

B

A
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outcome when replacing the lateral incisor by the canine 
is expected, due to differences in tooth mesiodistal sizes.32 

Canine width on the cleft side can be reduced with interprox-
imal enamel reduction to improve final esthetic results.10-12,32 
However, there is a limit for interproximal reduction, to avoid 
dentin exposure.   A previous study demonstrated that narrow 
canines were preferred in the position of lateral incisors.33 

No mesiodistal tooth size asymmetries were found for the max-
illary central incisors in this study, corroborating the study by 
Santos et al.34 However, other previous studies have reported 
smaller anterior tooth size on the cleft side in UCLP, compared 
to noncleft side.35-37 Tooth size and shape differences of the cleft 
side central incisors may be associated with the dental anom-
alies pattern.38 Clinician should observe each case individually, 
and an augmentation of the cleft-side central incisor can be 
recommended in case of clinically relevant asymmetries. Non-
cleft patients with agenesis of lateral incisor also displayed a 
size reduction of both maxillary central incisors.39

In cases of missing lateral incisors followed by canine substitu-
tion in patients without oral clefts, premolar intrusion and canine 
extrusion can produce adequate gingival margin.10-15 Previous 
studies in noncleft patients recommended the protocol of extru-
sion of maxillary canines and intrusion of the first premolars for 
space closure of lateral incisor agenesis for remodeling of the gin-
gival margin, achieving an adequate esthetical outcome.11,15,40,41 



Manfio ASC, Garib D, Flores-Mir C, Lauris JRP, Teixeira R, Almeida ALPF — Closure of maxillary lateral 
incisor agenesis space in unilateral cleft lip and palate: a digital model assessment

16

Dental Press J Orthod. 2023;28(1):e2321331

Although first premolars were slightly intruded and the canines 
extruded at the cleft side for improving the gingival margin, clini-
cally relevant asymmetries between cleft and non-cleft side were 
still present after the orthodontic treatment. Crown heights were 
greater for U2 and smaller for U3 on the cleft side, in compari-
son to noncleft side (Fig 4). These differences were also reflected 
on the width/height ratio, gingival contour, gingival step and 
incisal step. The presence of asymmetries in dental and/or gin-
gival margin might negatively influence the smile esthetics in 
patients with a high smile line.42,43 Additionally, incisal reduction 
of canines and augmentation of the first premolars was previ-
ously recommended.12

In the present study, an asymmetrical gingival level between 
cleft and non-cleft sides corroborated previous studies.22,23,44 
At the cleft side, the central incisor showed a more apical dis-
placed gingival margin (Figs 4B and 4C). The central incisor on 
the cleft side is usually severely rotate in UCLP before treat-
ment. Orthodontic rotation of central incisors might produce 
buccal bone dehiscence.44-46 Furthermore, the flaps performed 
during secondary bone graft surgery may precipitate gingival 
recession in areas with buccal bone dehiscence.44-46 Canine 
replacing the lateral incisor on the cleft side showed an api-
cal displaced gingival margin of 0.8mm, compared to non-cleft 
side (Fig 4). Canines replacing lateral incisors on the cleft side 
should be extruded by bonding the bracket toward cervical 
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or using step downs associated with incisal reduction in cases 
where the exposure during the smile is evident.

Central incisors at the cleft side were more mesiodistally 
upright, when compared to the contralateral teeth (Fig 4C). The 
possible explanation is that cleft side maxillary central incisor 
usually demonstrated a crown angulation toward the alveolar 
cleft. The distal angulation of maxillary central incisors is a nat-
ural protection for the root to avoid the alveolar bone defect. 
The distal-angulation of cleft side central incisors may not have 
been completely corrected during comprehensive orthodontic 
treatment considering the gap between bracket-slot and arch-
wires.9 A clinical solution would be bonding the bracket with 
more mesial angulation in the central incisor on the cleft side. 

In summary, this study suggests that some points should be 
considered by the clinician when the lateral incisor space is 
closed in UCLP. At the cleft side, canine width should be reduced, 
while the first premolar and central incisor can be augmented. 
Extrusion of maxillary canines, intrusion of the first premolars 
and labial crown torque of the maxillary canines should be 
performed during mechanics. Additionally, the symmetry of 
the mesiodistal angulation of maxillary central incisors should 
be checked before debonding. A limitation of this study was 
the absence of tooth reshaping at the time of the evaluation.  
However, the orthodontic finishing was analyzed without the 
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influence of other multiple factors that could significantly 
affect the final esthetic result. Future studies should assess 
the self-perception of the smile after orthodontic treatment in 
subjects with UCLP.

CONCLUSIONS
» The null hypothesis was rejected. Maxillary anterior teeth 
demonstrated positional and gingival asymmetries between 
cleft and noncleft side in individuals with UCLP treated with 
closure of maxillary lateral incisor agenesis space. 

» Canines replacing missing lateral incisors had a larger crown 
height and width, and first premolars showed a shorter crown 
height. 

» Asymmetries were observed in the gingival level of central and 
lateral incisors, with a greater clinical crown at the cleft side. 

» Cleft side central incisors were more upright 
than contralaterals.
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