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Introduction: The purpose of this study was to evaluate the short-term impact of rapid maxillary expansion
(RME) on the eruption paths of ectopically and normally erupting maxillary canines in the mixed dentition.
Methods: Thirty-two patients with 49 ectopically erupting canines (EEC group; age, 9.53 6 1.10 years) and
18 patients with 27 normally erupting canines (NEC group; age, 9.25 6 1.06 years) underwent RME. Thirty-
six subjects with 54 normally erupting canines composed the untreated control group (UC group; age,
9.03 6 0.72 years). Horizontal, vertical, and angular positions of canines and adjacent teeth were evaluated
in the expanded (EEC and NEC groups) and unexpanded (UC group) patients using panoramic radiographs
taken at 2 times with a 1-year interval. The radiographic evaluation methods included score ranking and
proportional measurements to minimize panoramic radiograph limitations. Statistical comparisons were
performed among the groups (P\0.05).Results: Before expansion, the EEC group's canines were significantly
closer to the midline, more distant from the occlusal plane, and more mesially angulated than those in the UC
group. After expansion, the canine positions in the EEC and UC groups were similar, whereas the NEC group
had a more favorable canine position for eruption. The EEC and NEC groups showed similar canine positional
changes, whereas the UC group had the smallest changes. The positions of teeth adjacent to the canine were
also significantly affected by RME, and these changes may be associated with improvement of the ectopic
canine position. Conclusions: The changes produced by RME reduced the percentage of ectopic eruption
paths and maintained the nonectopic eruption percentage. (Am J Orthod Dentofacial Orthop 2018;154:524-34)

Developmental problems such as maxillary nar-
rowing, tooth size-arch length discrepancy, teeth
agenesis, and peg-shaped maxillary lateral

incisor can be diagnosed early, prompting parents to
seek orthodontic treatment for their children during
the mixed dentition. These clinical deviations have
been associated with ectopic eruption and impaction
of the maxillary canine, impelling orthodontists to act

on malpositioned maxillary canines at an early develop-
ment stage.1-6 It has been speculated that the incidence
of maxillary canine impaction in an orthodontic practice
tends to be much higher (23.5%7,8) than the incidence in
the population (1%-3%).9

When clinical signals are associated with a radiographic
diagnosis of canine ectopic eruption, horizontal, vertical,
and angular displacements have been radiographically
evaluated to predict the canine impaction risk.10-13 The
horizontal displacement of the maxillary canine
overlapping the lateral incisor root toward the midline
seems to be more relevant to predict the impaction risk
than the canine's angular displacement.8,14 However, the
association of other radiographic parameters that
evaluate vertical and angular canine displacement may
increase the impaction prediction accuracy, avoiding
overtreatments.10

Several extraction and nonextraction treatment pro-
tocols have been proposed to prevent maxillary canine
impaction. Extraction can involve only the deciduous
canine,12,15,16 or the deciduous canine and deciduous
first molar,17 but the comparison between them showed
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that the latter may be more effective.17 In general, decid-
uous canine extraction associated with rapid maxillary
expansion (RME), transpalatal arch, or cervical headgear
is more effective than only deciduous canine extrac-
tion.16,18-20 Nonextraction treatment protocols include
cervical headgear associated or not with RME.21 Only 1
study evaluated RME alone, but no radiographic
follow-up was performed after RME.22 Thus, lack of
the final radiographic records prevented evaluation of
the short-term impact of RME on the ectopic canines
and adjacent teeth, which could contribute to describe
the dental changes associated with impaction preven-
tion of the maxillary canine. In addition, RME has
been applied to patients with palatally displaced ca-
nines,19-22 which in general do not have a transverse
maxillary deficiency,22,23 limiting the RME procedure
and perhaps its impact on the canine eruption path.
Another point to be considered is that preventive
protocols involving RME, transpalatal arch, or extraoral
headgear can have a symmetric effect between the
sides of the dental arch, but a unilateral ectopic canine
is a frequent finding,2 and the impact of these protocols
on nonectopic canines has not been evaluated. Finally,
clinical observation has suggested significant improve-
ment of the canine's eruption path after 1 year, but no
systematic study has evaluated the impact of RME in
this short term.24

To shed some light on these issues, the objective of
this study was to evaluate the short-term impact of
RME on the eruption path of ectopically and normally
erupting maxillary canines in patients with maxillary
transverse deficiency.

MATERIAL AND METHODS

The sample consisted of patients enrolled in a 2-
center prospective longitudinal clinical trial at the Fac-
ulty of Dentistry, Federal University of Rio Grande do
Sul, and the Orthodontic Service of the Military Poly-
clinic at Porto Alegre, Brazil. The files of the Bauru
Dental School Growth Study, University of S~ao Paulo,
Brazil, provided the orthodontic records for the un-
treated group of this historically controlled study. This
research was approved by the institutional review board
of the Faculty of Dentistry, Federal University of Rio
Grande do Sul. The parents of all subjects at each
research center signed informed consents.

The values of a5 0.05 (type I error) and b5 0.2 (type
II error) were used to calculate the sample size together
with the data from a previous study that reported the
success rate of RME for redirecting canine eruption.22

Although the results suggested a minimum of 13 pa-
tients in each group, additional patients were admitted

because panoramic radiographic measurements may
cause greater variability if the structures are to be re-
measured on subsequent radiographs. In addition, sam-
ple attrition should be considered due to the
longitudinal evaluation.

The selection criteria used in this clinical trial were as
follows: (1) patients in the mixed dentition; (2) RME
indication due to transverse maxillary deficiency; (3) bio-
logic maturity corresponding to half to two-thirds of
canine root completed,25 which can be classified as Nolla
stage26 7.2 to 8; (4) ectopic eruption of at least 1 maxil-
lary canine overlapping sector II, III, or IV of the lateral
incisor root, diagnosed on panoramic radiographs, ac-
cording to the method of Lindauer et al11 (Fig 1); (5)
no previous orthodontic treatment; (6) no supernumer-
ary teeth or lateral incisor agenesis; (7) no early loss of
deciduous teeth that could benefit canine eruption17;
(8) no oral pathology associated with eruption distur-
bance or history of dental trauma; and (9) no craniofa-
cial anomaly or syndrome.

Based on these criteria, 32 patients (13 boys, 19 girls)
with 49 ectopically erupting canines (EEC group) and a
mean age of 9.53 6 1.10 years were selected for treat-
ment with RME.

Fig 1. Ranking of canine horizontal sector according to
the modification of Lindauer et al.11 Sector I is located
distal to a tangent to the distal crown and root of the lateral
incisor; sector II includes the area from the tangent on the
distal surface to a midline bisector of the lateral incisor;
sector III includes the area from the midline bisector to a
tangent to the mesial surface of the lateral incisor crown
and root; sector IV includes all areas mesial to sector III.
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