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Stability of maxillary interincisor diastema closure after extraction

orthodontic treatment

Marcos J. Carruiteroa; Aron Aliaga-Del Castillob; Daniela Garibc; Guilherme Jansond

ABSTRACT
Objectives: To evaluate the stability of maxillary interincisor diastema closure and the relationship
between space relapse and interincisor diastema width, overjet, overbite, angulations between
adjacent maxillary anterior teeth and presence of intermaxillary osseous cleft after orthodontic
treatment with extractions.
Materials and Methods: Twenty-four individuals with a maxillary interincisor diastema
pretreatment, treated with maxillary first premolar extractions were evaluated. Dental casts and
panoramic radiographs taken at pretreatment (T1), posttreatment (T2), and posttreatment follow-up
(T3) were assessed. Periapical radiographs at T1 and T2 were also evaluated. Diastema relapse
was assumed when T3-T2 interincisor space change was greater than zero. Diastema relapse was
considered clinically significant when it was at least 0.50 mm. Data were analyzed using repeated-
measures analysis of variance followed by post hoc Tukey tests or Friedman followed by Wilcoxon
tests. T-test or Mann-Whitney U-test, Pearson correlation coefficient, and multiple linear regression
analyses were also performed.
Results: No statistically significant relapse of maxillary interincisor diastemas was found. The
percentage of clinically significant relapse of the maxillary interincisor diastemas was 27.78%.
Specifically, for the interincisor midline diastema, it was 8.33%.
Conclusions: Maxillary interincisor diastema closure showed no statistically significant relapse
after orthodontic treatment with premolar extractions. Clinically significant stability for maxillary
interincisor diastema closure was 72.22% and, specifically, for interincisor midline diastema
closure, it was 91.67%. (Angle Orthod. 2020;90:627–633.)
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INTRODUCTION

Interincisor diastemas may affect smile attractive-

ness,1 compromise dentofacial harmony,2,3 and can

also generate functional4 and psychological discomfort

for patients.5 They are considered as a malocclusion

because they violate Andrew’s fifth key to normal

occlusion.6

The prevalence of maxillary anterior diastema in the

permanent dentition is around 38%.7 It has been

suggested that their relapse is associated with initial

diastema width,8 inadequate root parallelism at the end

of treatment, sucking habits, imbalanced muscular

function,9 abnormal labial frenum,10 overjet11,12 and

overbite relapse,11 and with presence of an intermax-

illary osseous cleft.8,11

Maxillary diastema closure stability has been fre-

quently studied after orthodontic treatment.8,10–12 Re-

lapse rates between 60%12 and 84%10 have been

reported, but only one study specified the inclusion of

patients treated with non-extraction protocols.12 Some

authors8,11 demonstrated that relapse occurred on

approximately one-third of the treated patients only.

Stability of maxillary interincisor diastema closure and
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its association with initial interincisor diastema width,
overjet, overbite, and root parallelism in orthodontic
patients with at least 0.5 mm of maxillary interincisor
spaces at pretreatment has been studied.12 The only
significant associations found were between midline
diastema relapse and the initial diastema width and
overjet relapse.

Orthodontic treatment including extractions is still a
prevalent treatment option.13 The choice for extraction
largely depends on the initial characteristics of the
patient’s facial profile, among other factors.14 However,
maxillary interincisor diastema closure relapse after
premolar extractions has not been specifically report-
ed. It is important to know whether maxillary interinci-
sor diastema relapse in orthodontic treatment with
premolar extractions is similar to when non-extraction
treatment is performed.

Therefore, this study evaluated the stability of
maxillary interincisor diastema closure and the rela-
tionship between diastema relapse and initial interinci-
sor diastema widths, overjet, overbite, angulations
between adjacent anterior teeth, and presence of an
intermaxillary osseous cleft, after orthodontic treatment
with premolar extractions.

MATERIALS AND METHODS

This study was approved by the Ethics in Research
Committee of Bauru Dental School, University of São
Paulo, Brazil (protocol number: 84329418.6.0000.5417).

Sample size was calculated considering an 80% test
power and a level of significance of 0.05 to detect
relapse of 0.49 mm in the intercentral incisor diastema
with a standard deviation of 0.68 mm, as previously
reported.12 Although a minimum sample of 21 patients
was needed, 24 patients (15 females, nine males),
including eight Class I and 16 Class II malocclusion
patients were included.

The sample was selected retrospectively from the
files of the Orthodontic Department at Bauru Dental
School, University of São Paulo, Brazil. The selection
criteria included: treatment including premolar extrac-
tions to correct the initial malocclusion, presence of at
least one maxillary interincisor diastema greater than
or equal to 0.5 mm at pretreatment, maxillary perma-
nent canines with at least half of the crown erupted,
patients who wore a Hawley plate in the maxillary arch
as a retainer for a minimum of 6 months, and that had
at least two years of posttreatment follow-up. Patients
with missing anterior teeth, periodontal disease with
bone loss, microdontia, maxillary congenital patholo-
gies, mesiodens, diastema closure by a non-fixed
orthodontic method, post-orthodontic mesiodistal res-
toration of the maxillary anterior teeth, and whose
dental casts or radiographs did not allow for evaluation

were excluded. None of the patients had supracrestal

circumferential fiberotomy before, during, or after
orthodontic treatment.

All patients were treated with maxillary first premolar
extractions with or without mandibular premolar ex-

tractions, according to the specific patient need.
Standard edgewise appliances (0.022 3 0.028-inch)

were used for all patients; bands were only used on the

first permanent molars. En-masse anterior retraction of
the maxillary anterior teeth on 0.018 3 0.025-inch

stainless steel archwires was performed. For retention,

all patients used Hawley plates and canine to canine
lingual bonded retainers in the maxillary and mandib-

ular arches, respectively. The mean retention time

using maxillary retainers was 1.55 6 0.79 years, the
mean treatment time was 3.29 6 1.61 years, and the

mean posttreatment follow-up time was 4.01 6 1.13

years (range: 2.0 to 5.81 years).

Dental casts and panoramic radiographs taken at
pretreatment (T1), posttreatment (T2), and posttreat-

ment follow-up (T3) stages were evaluated. Patients

had mean ages of 13.24 6 1.68, 16.54 6 2.24, and
20.55 6 2.41, at T1, T2, and T3, respectively.

Periapical radiographs taken at T1 and T2 were also

evaluated. Treatment changes were calculated as T2-
T1 and posttreatment follow-up changes were calcu-

lated as T3-T2. General diastema relapse was

considered to have occurred when diastema width
change at posttreatment follow-up (T3-T2) was greater

than zero. It was considered that there was a clinically

significant diastema relapse when there was a diaste-
ma width increase at posttreatment follow-up of at least

0.50 mm.

Dental Cast Analysis

Dental casts at T1, T2, and T3 were scanned using

the 3Shape R700 3D scanner (3Shape A/S, Copenha-

gen, Denmark) and analyzed with OrthoAnalyzer 3D
software (3Shape). Maxillary interincisor diastema

width, overjet, and overbite were measured at the

three timepoints.

Each maxillary interincisor diastema width was
measured as the smallest distance at the level of the

interproximal surfaces of adjacent anterior teeth and

parallel to the occlusal plane. Then, right (A), midline
(B), and left (C) diastema width measurements were

obtained (Figure 1).

Overjet (OJ) was measured as the linear distance

from the incisal edge of the maxillary incisor to the
labial surface of the mandibular central incisor, parallel

to the occlusal plane. Overbite (OB) was measured as

the linear distance between the incisal edges of
maxillary and mandibular central incisors, perpendicu-
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lar to the occlusal plane. Right and left side OJ and OB

values were averaged.

Radiographic Analyses

Panoramic and periapical radiographs were digitized

and evaluated using MicroDicom viewer software

(version 0.8.1; Simeon Antonov Stoykov, Sofia, Bul-

garia).

Panoramic radiographs were used to assess digitally

the angulations between the adjacent maxillary inci-

sors. First, the tooth long axis was traced joining the

incisor apex and the middle of the incisal edge of each

incisor. Then, the angulations between adjacent tooth

long axes (a8 between right lateral and central incisors,

b8 between central incisors, and c8 between left central
and lateral incisors) were measured (Figure 2).

Presence of an intermaxillary osseous cleft was
evaluated using T1 and T2 periapical radiographs. It
was considered present when a v-shaped radiolucency
in crestal bone between the central incisors was
observed8,11 on both T1 and T2 radiographs (Figure 3).

Error Measurement

Thirty dental casts, and panoramic and periapical
radiographs were evaluated twice, with a 30-day
interval by the same examiner (MC). Random and
systematic errors were evaluated with Dahlberg’s
formula and paired t-tests, respectively, at a signifi-
cance level of 5%. Intraobserver agreement for
qualitative variables was evaluated with the Kappa
coefficient.

Statistical Analyses

Statistical analyses were performed using SPSS
software (version 22; IBM, Armonk, NY, USA). Stata
software (version 14; Stata Corp., College Station,
Texas, USA) was used to perform the regression
analysis. The level of significance was set at P , .05.

Normal distribution of the variables was evaluated
with Shapiro-Wilk tests. Comparisons between diaste-
mas at the T1, T2, and T3 stages were performed with
repeated-measures analysis of variance (ANOVA)
followed by post-hoc Tukey tests or with Friedman
tests followed by Wilcoxon tests, depending on
normality. Individual diastemas (A, right; B, midline;
and C, left) and grouped diastemas (AþBþC, AþC)

Figure 1. Maxillary interincisor diastemas (A: right diastema; B:

midline diastema; C: left diastema).

Figure 2. Anterior tooth long axis angulations. AP indicates apical points; IP, incisor points; a8, between right lateral and central incisors; b8,

between central incisors; c8, between left central and lateral incisors.
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were considered. To compare the midline diastema (B)

relapse between patients with and without intermaxil-

lary osseous clefts, t-tests or Mann-Whitney U-tests

were used, depending on normality.

Relationships between midline diastema relapse

with diastema widths, overjet, overbite, and angula-

tions between adjacent anterior teeth were evaluated

with Pearson’s correlation coefficient. Influence of the

variables that exhibited significant correlations (P ,

.05) with midline diastema (B) relapse were further

evaluated with a multiple linear regression analysis.

The percentages of clinically significant relapse for

maxillary interincisor diastemas (A, B, and C) were

calculated.

RESULTS

Random errors ranged from 0.02 mm (A diastema)

to 0.40 mm (Overjet) and from 0.638 (c8) to 0.828 (a8).

There were no significant systematic errors. Kappa

coefficient was 0.93 (95% CI: 0.74–1.00, P , .001),

indicating almost perfect intraobserver agreement.15

All 24 patients had at least one maxillary interincisor

diastema (A, B, or C). A, B, and C diastemas were

present in 15, 13, and 18 patients, respectively.

Maxillary interincisor diastemas and overjet had

statistically significant decreases from T1 to T2. These

values remained stable showing no statistically signif-

icant relapse at T3 (Table 1). There were no significant

differences between groups with and without v-shaped

crestal bone (Table 2).

The maxillary interincisor midline diastema relapse

was significant and negatively correlated with the total

sum of diastemas (A þ B þ C) and the sum of lateral

diastemas (A þ C) at the end of treatment (T2), while

positively correlated with the total sum of diastemas at

T3 (Table 3).

The backward multiple regression analysis con-

firmed the influence of the total sum of diastemas.

For each mm of the total sum of diastemas at T2, the

midline diastema relapse was 0.61 mm smaller; and for

each mm of the total sum of diastemas at T3, the

midline diastema relapse was 0.33 mm larger (Table

4).

Figure 3. Final presence or absence of an intermaxillary osseous

cleft according to the presence (P) or absence (A) of the radiolucent

V-shaped crestal bone at pretreatment (T1) or at posttreatment (T2).

(A) Final presence: P at T1 and P at T2. (B) Final Absence: P at T1

and A at T2. (C) Final Absence: A at T1 and A at T2.

Table 1. Comparisons Between Pretreatment (T1), Posttreatment (T2), and Posttreatment Follow-Up (T3) Values in the Whole Sample (n¼24)a

Variables

T1 T2 T3

P*Mean SD Mean SD Mean SD

A (mm) 0.46A 0.42 0.11B 0.17 0.20B 0.32 .008c

B (mm) 0.48A 0.52 0.08B 0.22 0.17B 0.30 .003c

C (mm) 0.53A 0.41 0.10B 0.17 0.22B 0.26 ,.001c

A þ B þ C (mm) 1.47A 0.90 0.30B 0.40 0.60B 0.68 ,.001c

A þ C (mm) 0.98A 0.74 0.22B 0.28 0.42B 0.51 ,.001c

OJ (mm) 7.92A 3.72 2.47B 1.02 2.96B 1.31 ,.001c

OB (mm) 2.81 1.72 2.58 1.14 2.75 1.41 .847b

a (8) 8.88 4.43 7.46 5.34 7.48 3.97 .475b

b (8) 5.27 3.88 6.86 5.40 5.03 3.55 .453c

c (8) 9.14 4.39 8.76 6.64 7.56 4.87 .573b

* Statistically significant at P , .05. Different letters indicate statistically significant differences.
a SD, standard deviation; A, B, and C, right, middle, and left maxillary interincisor diastemas, respectively; OJ, overjet; OB, overbite; a, b, and c,

angles between right, central and left maxillary incisors long axes, respectively.
b Repeated-measures analysis of variance.
c Friedman test.
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The percentages of clinically significant relapses for

the midline diastema and for all the maxillary inter-

incisor diastemas were 8.33% and 27.78%, respec-

tively (Table 5).

DISCUSSION

Maxillary interincisor diastema relapse has been

frequently studied in orthodontics.8,10–12 Most studies

did not specify whether the samples were treated with

or without extractions.8,10,11 Only one study disclosed

that only non-extraction treated patients were includ-

ed.12 Although less frequently, diastemas can be

present in patients that need premolar extractions.16

Then, diastema closure stability also should be studied

in this specific treatment protocol.

In this study, the maxillary interincisor diastemas
were individually and collectively measured as the sum
of the three spaces. Ideally, the maxillary interincisor
diastemas should be totally closed at T2. However, not
all spaces in every patient were completely closed at
the end of treatment, as previously reported.12,17 This is
similar to premolar extraction space closure and shows
that clinicians should be more careful at precisely
closing the spaces at the end of treatment.16,18

Maxillary interincisor diastema dimensions signifi-
cantly decreased from T1 to T2 and remained stable at
T3 (Table 1). Contrary to non-extraction treatment, in
which significant midline diastema relapse was report-
ed,12 in the present study, stability was seen in the
three spaces studied. Thus, only minimum partial
relapse occurred and diastema closures were stable
at the posttreatment follow-up period.

Midline diastema has been the most studied
diastema in the literature.8,10–12 In the present study, it
did not show statistically significant relapse, and the
percentage of clinical relapse was of only 8.33%
(Tables 1 and 5). Other studies showed significant
relapse and the percentages of clinical relapse were
from 25 to over 50%.8,10–12 The reasons for the greater
relapse in those studies may be the initial size of the
diastemas and the treatment protocol. The study of
Morais et al.12 had a larger initial midline diastema and
included only patients treated without extractions. The
other studies had larger initial midline diastemas but
did not disclose whether the patients were treated with
or without extractions.8,10,11 It could be speculated that
most of the patients in those studies were treated with
non-extraction because, when there is excessive
space, it is usually preferable to treat without extrac-
tions.10,19

A previous study, in non-extraction cases, evaluated
right, midline, and left diastema relapse and reported
only significant relapse for the midline diastema,

Table 2. Comparison of Maxillary Interincisor Midline Diastema

Between Groups With and Without Intermaxillary Osseous Cleft

(Final V-Shaped Crestal Bone)a

Variables

Normal

Crestal Bone

(n ¼ 10)

V-Shaped

Crestal Bone

(n ¼ 14)

P*Mean SD Mean SD

B (T1, mm) 0.27 0.36 0.63 0.58 .084c

B (T2, mm) 0.13 0.31 0.05 0.12 .588c

B (T3, mm) 0.14 0.26 0.20 0.34 .807c

B (T3-T2, mm) 0.01 0.45 0.15 0.33 .393b

B (T2-T1, mm) 0.13 0.55 0.58 0.54 .060b

b (T1, 8) 4.71 2.65 5.66 4.61 .953c

b (T2, 8) 4.64 3.01 8.44 6.24 .113c

b (T3, 8) 3.85 2.89 5.88 3.83 .173b

b (T3-T2, 8) �0.79 3.76 �2.56 6.76 .464b

b (T1-T2, 8) 0.07 3.75 �2.77 6.53 .230b

* Statistically significant at P , .05.
a SD indicates standard deviation; B, central diastema; b, angle

between maxillary central incisors long axes; T1, pretreatment; T2,
posttreatment; T3, posttreatment follow-up; T3-T2, posttreatment
follow-up period; T2-T1, treatment period.

b t-test.
c Mann-Whitney U-test.

Table 3. Correlations Between Maxillary Interincisor Midline Diastema (B) Relapse (T3-T2) and Variables at Pretreatment (T1), Posttreatment

(T2), Posttreatment Follow-Up (T3), and T2-T1 Treatment Perioda

Variables Correlated

With B Relapse

T1 T2 T3 T2-T1

r P r P r P r P

A (mm) �0.01 .931 �0.15 .462 0.09 .649 �0.27 .199

B (mm) �0.07 .746 0.14 .513 �0.03 .887 �0.08 .679

C (mm) �0.14 .510 �0.08 .712 �0.28 .184 0.00 .987

AþBþC (mm) 0.08 .692 �0.63 .001* 0.58 .003* �0.17 .408

AþC (mm) 0.14 .510 �0.42 .038* 0.29 .169 �0.17 .408

OJ (mm) �0.06 .779 0.02 .915 0.13 .533 �0.36 .077

OB (mm) 0.00 .996 0.16 .435 0.13 .534 0.13 .522

a (8) 0.22 .281 0.40 .051 0.07 .722 �0.16 .432

b (8) 0.19 .359 �0.32 .122 �0.28 .182 �0.16 .432

c (8) 0.17 .419 0.16 .435 �0.10 .633 �0.03 .857

* Statistically significant at P , .05.
a r indicates Pearson correlation coefficient; A, B, and C, right, middle, and left maxillary interincisor diastemas, respectively; OJ, overjet; OB,

overbite; a, b, and c, angles between right, central and left maxillary incisors long axes, respectively.
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suggesting that midline diastema closure was less
stable than right or left diastema closure.12 In contrast,
no statistically significant relapse was found for A, B,
and C diastemas in the present study (Table 1). It has
been reported that the greater the initial diastema, the
greater the degree of relapse.8,10 In the present study,
the mean initial values for A, B, and C diastemas were
smaller compared to those reported in the previous
study in non-extraction cases.12 These differences
could explain the significant midline diastema relapse
observed in that previous study.12

In contrast to what was reported by other studies,10,20

midline diastema closure relapse was similar in groups
with and without intermaxillary osseous clefts (Table
2). The results of the present study agreed with other
studies8,11,12 in which no influence of the intermaxillary
osseous cleft was found. Therefore, it seems that the
intermaxillary osseous cleft did not influence relapse in
patients treated with or without extractions.8,11,12 How-
ever, due to the contradicting results, this issue should
be further investigated.

A negative correlation between midline diastema
relapse and the total sum of diastemas (A þ B þ C)
and the sum of lateral diastemas (Aþ C) at the end of
treatment (T2), and a positive correlation with the total
sum of diastemas at T3, was observed (Table 3).
However, when the backward regression analysis was
performed including these variables, the significant
influence of only the total sum of diastemas at T2 and
T3 on midline diastema relapse was found (Table 4).
This could be expected since the correlation with the
sum of lateral diastemas at T2 was weak. It was not
possible to confirm that the sum of the initial anterior

spacing contributed to the relapse of the midline
diastema. In contrast, one study reported that anterior
spacing at T3 was associated with greater spacing at T1
and at T2. However, they considered only patients with
spacing at T3 as their selection criteria. Then, patients
with stable diastema closure were not included.17

In the current study, regression analysis showed that
the greater the total sum of diastemas at T2, the smaller
the midline diastema relapse, and that the greater the
total sum of diastemas at T3, the greater the midline
diastema relapse, which is logical. If the total sum of
diastemas was large at T2, it meant that the diastemas
were not adequately corrected or even not corrected. If
no correction or insufficient correction was performed,
the chances of relapse would decrease since the
diastemas were not totally closed. On the other hand,
if the total sum of diastemas was large at T3, it meant
that obviously there was a great amount of relapse.

Among the treatment and post-treatment factors, the
initial diastema dimensions, overjet, overbite, angula-
tions between adjacent anterior teeth, or the presence
of an intermaxillary osseous cleft were not significantly
associated with interincisor diastema relapse (Tables 2
and 3). A previous study12 assessed these variables in
non-extraction orthodontic treatment, and reported
association of the overjet with midline diastema
relapse, attributing this association to the lingual
muscle function typical of Class II malocclusion, and
to proclination of the maxillary incisors. However, the
current sample had the same number of patients with
Class II malocclusion and greater pretreatment overjet
(7.92 mm vs 6.13 mm), than the previous study,12 but
the association was not observed.

Overjet behaved similarly to the maxillary interincisor
diastemas; it significantly decreased from T1 to T2 and
remained stable at T3, as previously reported12,21

(Table 1).
In premolar extraction treatments, a high prevalence

of premolar space reopening at 1 year after the end of
treatment has been reported.22 In addition, it has been
demonstrated that premolar space reopening, in the
long term, does not depend on the extraction protocol
applied.18 Based on the results of these studies,18,22 it
could be speculated that the chances of relapse could
be greater in patients treated with maxillary premolar
extractions that presented maxillary interincisor dia-

Table 4. Backward Multiple Linear Regression Analysis Results, Considering the Maxillary Interincisor Midline Diastema (B) Relapse (T3-T2) as

Dependent Variable

Variables b Standard Error t P Value for Variables Multiple R2 (%) P Value for R2

A þ B þ C (T2, mm) �0.61 0.10 �6.03 ,.001* 75.73 ,.001*

A þ B þ C (T3, mm) 0.33 0.06 5.57 ,.001*

Constant 0.07 0.06 1.21 .239

* Statistically significant at P , .05.
a A, B, and C indicate right, middle, and left maxillary interincisor diastemas, respectively; R2, coefficient of determination.

Table 5. Percentage of Clinical Relapse (T3-T2) After Orthodontic

Treatment With Premolar Extractionsa

Interincisor

Diastemas

Number of

Interincisor

Spaces

in T1

X ¼ Number

of Closed

Spaces

in T2

Y ¼ Number

of Open

Spaces

in T3

% of

Relapse

(100 * Y/X)

A 15 13 2 15.38

B 13 12 1 8.33

C 18 17 1 5.88

A, B, or C 24 18 5 27.78

a A, B, and C, right, midline, and left maxillary interincisor
diastemas, respectively; T1, pretreatment; T2, posttreatment; T3,
posttreatment follow-up.
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stemas at pretreatment because more spaces needed
to be closed and redistributed. However, this specula-
tion was not confirmed scientifically.

On the other hand, one could conclude that the
results were logical. Cases with large anterior diaste-
mas are usually treated non-extraction because they
have a positive tooth-bone discrepancy. Due to the
excessive space available, there is a greater tendency
for significant anterior diastema relapse. However,
cases treated with extractions usually have a negative
tooth-bone discrepancy, and present with smaller
anterior diastemas. Due to the absence of available
space, there is a smaller tendency for significant
anterior diastema relapse.

Although the sample size was calculated to be
adequate for intragroup comparisons, it could be
considered to have been too small to perform a
regression analysis. This should be taken into consid-
eration when interpreting the results. Further studies
should be performed comparing and combining ex-
traction and non-extraction cases to obtain greater
samples and complement the current results.

Based on the current results, there is no significant
relapse of maxillary interincisor diastema closure in
Class I and II malocclusions when appropriate maxil-
lary premolar extraction treatment is performed.

CONCLUSIONS

� There was no statistically significant relapse of
maxillary interincisor diastemas.

� There was no relationship between relapse of the
maxillary interincisor midline diastema and the initial
interincisor diastema width, overjet, overbite, anterior
tooth angulations, or presence of an intermaxillary
osseous cleft.

� Clinically significant stability for all maxillary inter-
incisor diastemas and interincisor midline diastema
closure after orthodontic treatment with premolar
extractions were 72.22% and 91.67%, respectively.
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