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Maxillary incisors mesiodistal angulation changes in patients with
orthodontically treated anterior superior diastemas

Juliana Fernandes de Morais', Marcos Roberto de Freitas? Karina Maria Salvatore de Freitas?, Guilherme Janson?,

Nuria Cabral Castello Branco®, Marcelo Zanda®

Objective: The aims of this study were to describe the patterns of maxillary incisor angulation in patients with up-

per interincisive diastemas, to evaluate angulation changes with treatment and posttreatment period, and to assess

whether there are association between incisor angulation and interincisive diastema relapse.

Methods: The sample comprised 30 Class I or Class II patients with at least one pretreatment anterior diastema of

0.77 mm or greater after eruption of maxillary permanent canines. Data were obtained from panoramic radiographs

at pretreatment, posttreatment and at least 2 years post-retention.

Results: Incisors presented a mesial tipping tendency after treatment, but only lateral incisors showed significant

changes between pre and posttreatment stages.

Conclusion: Regarding post-retention period, no changes were found. Finally, no relation was found between dia-

stema relapse and maxillary incisor axial angulation.
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artigo inédito

Alteracdo das angulacoes mesiodistais dos incisivos superiores em
pacientes com diastemas anterossuperiores tratados ortodonticamente

Juliana Fernandes de Morais', Marcos Roberto de Freitas? Karina Maria Salvatore de Freitas?, Guilherme Janson?,
Nuria Cabral Castello Branco®, Marcelo Zanda®

Objetivo: esse trabalho teve por objetivo descrever o padrio de angulacdes mesiodistais dos incisivos superiores
em pacientes com diastemas nessa area e observar as alteracdes dessas angulacdes durante e apds o tratamento
ortodontico. Também objetivou analisar se existe associacdio entre as angulacdes mesiodistais desses dentes nos
estagios inicial, final de tratamento e pds-contencéo e a recidiva dos diastemas anterossuperiores.

Métodos: a amostra consistiu de 30 pacientes que foram avaliados antes do tratamento, logo apds e passados
7 anos da remocéo do aparelho ortodontico. Os individuos apresentavam ma oclusio de Classe I ou Classe II
e, pelo menos, um diastema interincisivos com largura minima de 0,77mm antes do tratamento. Além disso, os
caninos superiores permanentes apresentavam a metade da coroa na cavidade bucal, no minimo.

Resultados: as angulacdes dos incisivos apresentaram tendéncia a mesializacfo com o tratamento ortodontico, sen-
do que houve diferenca significativa apenas para as angulacdes dos incisivos laterais. No periodo pds-contencdo, as
angulacoes de todos os incisivos permaneceram estaveis. No foi observada associacfio entre a recidiva dos diastemas
e as angulacdes dos incisivos superiores.

Conclusio: as angulacdes mesiodistais dos incisivos de pacientes com diastemas nessa area sofreram poucas modifi-
cacbes com o tratamento, havendo uma maior tendéncia de mesializacio das coroas dos incisivos laterais. Os resulta-
dos obtidos com o tratamento permaneceram estaveis. Nao houve associacio entre a recidiva dos diastemas anteros-
superiores e as posicdes mesiodistais dos dentes analisados.

Palavras-chave: Diastema. Radiografia panoramica. Incisivo. Ortodontia. Recidiva.
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INTRODUCTION

Mesiodistal angulation of teeth may influence the
harmony of the smile and the posterior occlusion.*
Furthermore, orthodontic finishing with parallel
roots promotes correct occlusal force distribution
and contributes for treatment stability.’

Depending on the amount of mesiodistal tipping,
the space occupied by a tooth can be altered, modify-
ing the arch length or filling previous spacing. This
association is more perceptible in the maxillary an-
terior segment due to the longer crown shapes com-
pared to the buccal crown shapes.

The ideal root mesiodistal positioning is still
dubious in the literature. Some authors defend
that finishing with parallel roots reduces the risk
of space reopening after space closure mechan-
ics.%1020 Andrews* determined average values for
each tooth angulation based on normal occlusion
patients and asserted that those values should be
aimed when treating orthodontic patients. On the
other hand, it was cited that positioning the maxil-
lary central incisors with more divergent roots im-
prove median diastema closure stability."”

It is well-known that during the development of
occlusion the maxillary incisors exhibit divergent
crowns and generalized spacing. These spaces are
normally closed spontaneously and the incisors be-
come more mesially tipped.® However, a prevalence
ranging from 1.7 to 38% of patients remains with ante-
rior spacing during permanent dentition,'#'6232529

One of the most common treatment approach of
maxillary anterior spacing is closing the spaces by
orthodontic movement.?>>'2132¢ Yet there is evidence
that orthodontic closure of median diastema is not
stable out of retention®?*?® (Fig 1). Among the pos-
sible contributing factors for diastema relapse is the
incisor root mesiodistal positioning.

Few studies evaluated changes in teeth angula-
tions during and after orthodontic treatment.” But
changes in incisor angulations specifically in patients
with maxillary anterior spacing was still not assessed.

Therefore, the objective of this study was to
describe the mesiodistal angulation pattern of the
maxillary incisors in patients with anterior spac-
ing and evaluate changes in the incisor angulations
during treatment and after retention. Additional-
ly, we aim to analyze whether there is association
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between incisor angulations at pretreatment,
post-treatment and post-retention stages, and
maxillary anterior spacing relapse.

OBJECTIVE

The aim of this study was to describe the mesio-
distal angulation pattern of the upper incisors in
patients with diastema in this area and observe the
alteration of this angulation during the orthodontic
treatment and after removing the upper retention.
Also, verify whether there is an association between
the mesiodistal angulation of these teeth in the ini-
tial and final stages of treatment and the post-reten-
tion and the anterior superior diastema relapse.

MATERIAL AND METHODS
Material

The subjects evaluated in this study were select-
ed from the files of the Orthodontic Department at
the University of Sdo Paulo, which comprised 4334
patients. Inclusion criteria comprised maxillary in-
terincisor diastema equal to or greater than 0.77 mm,
after partial eruption of the maxillary canines. Sub-
jects with missing anterior teeth, periodontal disease
with bone loss, generalized microdontia, maxillary
pathologies, mesiodens, diastema closure by a non-
orthodontic method and post-orthodontic restora-
tion of maxillary anterior teeth resulting in increase
in mesiodistal width were excluded.

Ninety panoramic radiographs of 30 subjects (13
male and 17 female) taken at pre-treatment (T),
post-treatment (T,) and post-retention (T,) stages

Figure 1- Example of anterior superior diastema relapse. Photograph ob-
tained 10 years after removing the superior Hawley retainer.
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were selected. All patients were treated nonextrac-
tion. Eighteen subjects showed a Class I and 12 of
them showed a Class IT malocclusion. Maxillary ca-
nines were completely erupted in 20 patients. The
average initial age was 12.94 years (SD 1.27) and the
treatment time was 2.38 years (SD 1.06). The reten-
tion time and the period between the appliance re-
moval and the last follow-up appointment were 1.44
(SD 0.48) and 7.05 (SD 3.60) years, respectively.

Methods

Measurements of spaces between maxillary cen-
tral and lateral incisors were taken on dental casts
takenat T, T,,and T, with a 0.01 mm precision digital
caliper (Mitutoyo, Japan). Widths were considered
to be the smallest distance between adjacent teeth at
the gingival level (Fig 2). The sum of the maxillary in-
terincisor widths at post-treatment (T,) and post-re-
tention (T,) stages were obtained. The space relapse
was calculated by subtracting the sum of the spaces
at T, minus the sum of the spaces at T,. According to
this result, the sample was divided into two groups
stable and unstable. Unstable cases occurred when
the result was greater than zero.

Panoramic radiographs of 24 patients were tak-
en with a Rotograph Plus unit (Villa Sistemi Medi-
cali, Italy) which shows a mean linear magnifica-
tion of 25%. While six patients had their pretreat-
ment and post-treatment panoramic projections
taken with as Orthophos CD unit (Siemens Medi-
cal Systems, Germany), which presents a mean lin-
ear magnification of 27%.

The panoramic radiographs were traced by the
same examiner using a 0.5 mm pencil on a sheet of ac-
etate paper (14 x 21 cm) placed over the radiographic
film. The inferior outline of the orbits, the inferior
outlines of the zygomatic processes of the max-
illa and the contours of the maxillary incisors were
traced. The horizontal reference lines used were
interorbital (I0), passing through the most inferior
point of the right and left orbits, and the interzygo-
matic processes of the maxilla (IZP), passing through
the most inferior point of the right and left zygomatic
processes of the maxilla. Each incisor long-axis was
traced determined by its pulp canal long-axis (Fig 3).

The analyzed variables were: RLI (angle be-
tween the long axis of the right lateral maxillary
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incisor and the IZP line), RCI (angle between the
long axis of the right central maxillary incisor and
the IZP line), LCI (angle between the long axis of
the left central maxillary incisor and the IZP line),
and LLI (angle between the long axis of the left lat-
eral maxillary incisor and the IZP line).

In this study, the IZP line was used because only
twenty patients presented both orbital inferior con-
tours in the panoramic radiographs of the initial, fi-
nal and follow-up stages. The angle I0.IZP between
the 10 and the IZP reference lines was evaluated in

Figure 2 - A) Digital caliper Mitutoyo used to measure interincisor spac-
ing. B) Diastema measurement method.

iz RL[RCE L1 Lt L

Figure 3 - Schematic design of the radiographic tracings performed
showing the orbital contours, zygomatic processes of maxilla, contour of
maxillary incisors, as well as the reference lines interorbitary (10), inter-
zygomatic processes (IZP), and teeth long axes.
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twenty patients where the orbital contours could be
traced. When the lines converged at the right side
the values were written positive, while when the
convergence occurred at the left side the values
were written negative.

Statistical analyses

Thirty panoramic radiographs were retraced and
remeasured by the same examiner after a month in-
terval. The casual error was calculated according to
Dahlberg’s formula.? The systematic errors were an-
alyzed with a t test'® at p<0.05.

Mean values and standard deviations of each
maxillary incisor angulations were calculated at the
initial (T), final (T,), and post-retention (T,) stages
and were compared by repeated measures ANOVA,
followed by Tukey post hoc test, in order to evaluate
the changes occurred during treatment (Tland Tz), to
analyze the stability of treatment outcomes (T, and
T,) as well as to verify if the angulations after reten-
tion and before treatment were similar.

Since the patients evaluated are in growing phase,
repeated measures ANOVA, followed by Tukey tests,
were used to assess the changes in the parallelism be-
tween 10 and IZP lines.

Student’s t tests were used to compare mesio-
distal angulations between the stable and unstable
groupsatT,T,and T,

RESULTS
Method precision

The casual error was found to be small and ac-
ceptable for all measurements, while the system-
atic error was not statistically significant for any
measurement (Tab 1).

The angle between the IZP and IO lines with
a maximum divergence of 2° at all stages (Tab 2)

Table 1- Method error for repeated measurements.

1st measurement 2nd measurement

demonstrates an acceptable parallelism between
these lines.

Incisor angulations showed a tendency for me-
sial inclination during orthodontic treatment but the
changes were significant only for lateral incisor angu-
lations (Tab 3). On the other hand, all incisor angula-
tions remained stable during post-retention period.

No differences were found between stable and
unstable groups (Tab 4). This suggests that there
was no association between space relapse and me-
siodistal angulations.

ANOVA and Tukey test results

Generally, the angulation of the incisors pre-
sented atedency to mesialization with orthodontic
treatment, and there was a significant difference
only for the lateral incisors angulation (Tab 3). In
the postretention stage, the angulation of all inci-
sors remained stable.

Angulation comparison between stable
and non-stable groups

No significant difference was verified between
groups (Tab 4). This fact suggests that there was
no relation between diastemas relapse and mesio-
distal angulations.

DISCUSSION

Since the development and improvement of the
panoramic radiograph technique by Paatero,'®" it has
been recognized as an essential diagnosis method be-
cause it is possible to show on the same film the whole
dentition, alveolar bone, temporomandibular joint
and adjacent structures. Additionally, panoramic ra-
diographs help the evaluation of mesiodistal teeth
angulations before and after treatment""'>%° and root
parallelism near extraction areas.™'®

Casual error

Systematic error

Mean sD Mean sD

LLI 96.89 4.95 95.59 4.28
LCI 89.72 3.29 89.88 3.55
RCI 87.96 3.89 87.71 2.39
RLI 96.43 519 95.92 5.01
10.1ZP 0.07 0.90 0.07 0.95

p Dahlberg
0.597 1.45 30
0.589 1.38 30
0.781 1.29 30
0.498 137 30
0.988 017 20

© 2012 Dental Press Journal of Orthodontics
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Table 2 - Descriptive statistics and repeated measures analysis of variance comparing the angle between interorbitary and inter-zigomatic processes of
maxilla in initial, final, and postretention stages.

Total (3 stages) Initial (T,) Final (T,) Post-retention

N=20 N=20 n=20 (T,) n=20

10.1ZP 0.07 0.90 -2.0 2.0 0.08 0.95 0.03 0.64 013 110 094

Table 3 - Results of repeated measures analysis of variance, followed by Tukey tests comparing mesiodistal angulations of each incisor at all stages T,
T andT..
2 3

LLI LCI {d} RLI
Initial (T ) 98.37% 4.47 90.70 3.26 89.33 3.90 97.12A 5.05
Final (T,) 96.55%8 5.36 89.32 3.36 87.68 3.76 94.258 5.30
Post-retention (T) 95.08° 4.28 89.18 3.31 87.67 3.40 93.908 316
p (ANOVA) 0.031* 0151 0.139 0.015*

* statistically significant for p<0,05.

It is known that panoramic radiographs as well Table 4 - Results of Student t tests comparing the incisor angulations in
each stage T, T,, and T, between the groups stable and unstable.

as any extraoral radiograph exhibit magnification of

the real image.>® But in panoramic radiographs the Stable (n=14) Unstable (n=16)
amount of magnification varies in different sites of Mean SD Mean SD
the film due to the method of image acquisition by LLI-TT 9836 502 98.38 41 0.992
moving the X-ray tube. The linear measurements, el S Sl GO0 510 1058
especially horizontal ones, demonstrate signifi- RCITT 89.75 337 8857 4.39 0.593
o . RLI-TT 96.21 5.79 97.91 4.33 0.369
cant magnification and are not reliable. In the other
o . LLI-T2 96.36 696 96.72 3.69 0.858
hand, angular measurements exhibit smaller dis-
o Tisan , . o LCI-T2 89.54 4.30 8913 238 0.744
tortionsS"1>22 specially on the anterior region,*
o i . RCI-T2 87.29 472 88.03 350 0.596
confirming that panoramic radiographs can be a re-
liabi bod | | RLI-T2 93.21 6.53 9516 395 0.326
1a ‘emet o} tc? evaluate angular measurements on LLI-T3 95.25 301 9494 470 0.846
maxillary anterior teeth. LCI-T3 8886 341 89.47 330 0622
It is traditionally advocated that appropriate RCI-T3 8754 402 8778 588 0.847
root parallelism improves treatment stability,*'** RU-T3 9368 361 94.09 280 0726

especially in the areas of space closure after extrac-
tions.”?® In cases with anterior spacing, the incisor
mesiodistal positions has been mentioned to in-
fluence stability,'®” even though there is no study
evaluating the mesiodistal angulations of maxillary similar to IO line, was used. The results showed

anterior teeth in cases with interincisor diastema. an acceptable parallelism (Tab 2) and a maximum
Some studies”*#3 have evaluated teeth angula- divergence of 2° between these lines. This demon-

tions with panoramic radiographs, using the inter- strates that the IZP line can be as reliable as the in-

orbital line (IO) as reference. Nevertheless, in our terorbital line and the values obtained in this study

study, ten patients did not show both orbital infe- can be compared to those proposed by Ursi®® ob-

rior contours in the panoramic radiographs of the tained from patients with normal occlusion.

initial, final and follow-up stages. Therefore, the zy- According to repeated measures analysis of vari-

gomatic processes of the maxilla were traced so that ance (Tab 3), the changes in the maxillary central in-
interzygomatic processes of the maxilla (IZP) line, cisors angulations were not significant during (T -T,)
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and after treatment (T,-T,), except for the lateral in-
cisor angulations, which showed significant changes
in both periods. There was a tendency for crown me-
sialization, which may be explained by the mechanics
used, which included an association of preadjusted
appliances with elastomeric chains. The high forces
produced might cause great crown mesialization if
used on light wires (Fig 4).

The mesiodistal angulations achieved with
treatment remained stable (Tab 3). These findings
shows that finishing with ideal angulations should
be a relevant treatment objective, since the pa-
tient’s smile will show the positions obtained, even
after along period out of retention.

Diastema relapse is quite often on maxillary
anterior area.'®?*?62” Some authors reported that
space reopening might be associated with an inap-
propriate root positioning at the end of treatment.
However our results showed no difference between
stable and unstable groups in central and lateral
incisor angulations when compared in each ini-
tial, final, post-retention stages. In conclusion, this
demonstrates that no association between space re-
opening and mesiodistal angulations was found.

© 2012 Dental Press Journal of Orthodontics

Figure 4 - Effect of crown mesialization induced by elastomeric chain.

CONCLUSIONS

Based on the method and the results we conclude:

1) Incisor mesiodistal angulations in patients with
anterior spacing showed slight changes during
treatment with greater crown mesialization
on the lateral incisors, which remained stable
posttreatment.

2) There was no association between anterior
spacing relapse and mesiodistal angulations of
the maxillary incisors.
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