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Objective: The present study assessed the maxillary dental arch changes produced by surgically assisted rapid maxillary

expansion (SARME).

Methods: Dental casts from 18 patients (mean age of 23.3 years) were obtained at treatment onset (T), three months
after SARME (T,) and 6 months after expansion (T,). The casts were scanned in a 3D scanner (D-250, 3Shape, Copen-
hagen, Denmark). Maxillary dental arch width, dental crown tipping and height were measured and assessed by ANOVA

and Tukey’s test.

Results: Increased transversal widths from T, and T, and the maintenance of these values from T,and T, were observed.

Buccal teeth tipping also showed statistically significant difterences, with an increase in all teeth from T, to T,and a

decrease from T, to T,. No statistically significant difference was found for dental crown height, except for left first and

second molars, although clinically irrelevant.

Conclusion: SARME proved to be an effective and stable procedure, with minimum periodontal hazards.
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INTRODUCTION

Proper maxillary transverse dimension is a key com-
ponent of optimal, stable occlusion. Rapid maxillary
expansion (RME) is a procedure commonly employed
by orthodontists treating transverse issues.'”> Despite
being successful in children and adolescents, this pro-
cedure fails when performed in patients in the final
growth phase and in adults."*¢78

After growth ends, the amount of force required to
split the midpalatal suture is relatively high due to in-
creases both in the complexity of this suture and in the
rigidity of adjacent facial structures. Thus, enlarging the
maxillary complex by nonsurgical expansion in adults
can cause side effects, such as higher relapse rates, tipping
of support teeth, severe pain and gingival recession,'>%?
since the forces delivered during expansion may produce
buccal tipping of teeth, thereby generating areas of com-
pression in the periodontal ligament of support teeth.'"!
In these cases, midpalatal suture splitting must be com-
bined with a surgical procedure known as surgically as-
sisted rapid maxillary expansion (SARME) which breaks
down sutural resistance and enables maxillary expansion
without the aforementioned side effects.

The benefits of treating transverse maxillary deficien-
cy include improvements in dental and skeletal stability,
decreased need for extractions to perform alignment and
leveling, increased teeth visibility at smiling, and, occa-
sionally, improvements in nasal breathing.>!»!*1>

There are numerous ways to assess changes resulting
from SARME, but in the last two decades, thanks to
remarkable technological advances in Dentistry, cut-
ting edge analysis tools have emerged. In Orthodontics,
these advances have primarily occurred in diagnostic
elements, such as the use of photography and digital ra-
diography. The use of digital dental casts was introduced
by the orthodontic industry as a component of the new,
now fully digitized and highly accurate orthodontic re-
cords.”®> Thus, this study aims at analyzing, with the
aid of digital models, the major changes produced in the
transverse dimension and tipping of maxillary teeth, as
well as the potential impact of this procedure on adult

patients undergoing SARME.

MATERIAL AND METHODS

This project was submitted to Universidade Meto-
dista de Sao Paulo Institutional Review Board, and ap-
proved under protocol number 142.170/07.
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This is a retrospective study of which sample com-
prised 54 maxillary dental casts obtained from 18 adult
patients with maxillary atresia, 6 men and 12 women,
with a mean age of 23.3 years (minimum of 18 and
maximum of 35 years old) from the Postgraduate Clinic
of Universidade Metodista de Sio Paulo. All subjects
underwent SARME.

To perform the expansion procedure, a 13-mm Hyrax
expansion screw was used.** Moreover, a conservative sur-
gical technique consisting of LeFort I osteotomy was em-
ployed to approach the midpalatal suture without involving
the pterygopalatine suture. All surgeries were conducted
by the same surgeon.

The expansion screw was first activated on the third
day after surgery, and patients were instructed to make
two daily activations, one in the morning (1/4 turn) and
one at night (1/4 turn), until the screw was fully opened,
or until it reached the desired overcorrection (palatal
cusp of the maxillary first molar edge-to-edge with the
buccal cusp of the mandibular first molar).

The appliance (Hyrax) remained in the oral cavity
for three months, functioning as a retainer. After this
period, the expander was removed and an acrylic plate
(with retention clips between premolars) was inserted
and remained in place for three months until a fixed
orthodontic appliance was placed.

For variables assessment, dental casts were scanned
with a 3D scanner (D-250, 3Shape, Copenhagen,
Denmark). Only the maxillary models during phases T
(initial), T, (three months post-expansion) and T, (six
months post-expansion) were used.

Linear measurements were taken by means of Geo-
magic Studio 5™ (Research Triangle Park, USA), a
software that allows viewing and manipulating digital
representations on a computer screen. Transverse
changes resulting from SARME were assessed by means
of intercanine, interpremolar and intermolar widths
(Fig 1), using the points described by Currier®® and

Berger et al”’

as reference.

The height of the clinical crown of canines, premo-
lars and molars was measured based on the distance be-
tween the buccal cusp and the most apical point of the
gingival margin,>’ as shown in Figure 2.

Angular measurements were taken with the aid of
OrthoDesigner™  software (3Shape, Copenhagen,

Denmark) which also features tools to assist in ob-
taining angular measurements and slicing dental casts.
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Intercanine, interpremolar and intermolar tipping was
calculated using the following references®: Line a= dis-
tance between the left and right midpoints of the deep-
est region of buccal and palatal surfaces in the gingival
margin; Line b= distance between the geometric mid-
point on the right side of the center of buccal and pala-
tal cusps, and the midpoint of the deepest region in the
gingival margin; Line c= distance from the left side of
the geometric midpoint at the center of buccal and pala-
tal cusps, and the midpoints of the deepest buccal and
palatal portions of the gingival margin. With these ref-
erence lines, the internal angles formed by lines a-b and
a-c were calculated with the aid of the software. After
this definition, the bilateral angulation of posterior teeth
was calculated (Fig 3).

To this end, it was necessary to create a clipping plane
in the models (Fig 4) to allow teeth to be viewed mesially.
The reference plane met the aforementioned criteria.

In selecting the clipping plane, the tool “enable clip-
ping plane” was used. This allowed the mesial view-
ing of the models, as it excluded their anterior portion
(Fig 5). The changes in each parameter occurring dur-
ing treatment were calculated in the models at the times
described before.

Statistical analysis

To determine the error of the method, 30% of the
sample was randomly selected and measured after at
least one week, using the same material and applying
the same aforementioned criteria. Paired t-test was used
to determine intraexaminer systematic error. Random
error was calculated by Dahlberg’s formula.?®

In order to compare the three assessment periods,
analysis of variance (ANOVA) was used with a criterion

Figure 1 - Points and transverse widths in the digital models: 1) Cusp tip of
right canine; 2) Cusp tip of left canine; 3) Palatal cusp tip of right maxillary
first premolar; 4) Palatal cusp tip of left maxillary first premolar; 5) Palatal
cusp tip of right maxillary second premolar; 6) Palatal cusp tip of left maxil-
lary second premolar; 7) Mesio-palatal cusp tip of right maxillary first molar;
8) Mesio-palatal cusp tip of left maxillary first molar; 9) Mesio-palatal cusp
tip of right maxillary second molar; 10) Mesio-palatal cusp tip of left maxil-
lary second molar.

Figure 2 - Height of clinical crowns.

Figure 3 - Defining lines a, b and ¢

Figure 4 - Defining clipping plane.

Figure 5 - Enabling clipping plane tool, shown
in red.
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for repeated measurements. When ANOVA revealed
statistically significant difference, Tukey’s test for mul-
tiple comparisons was applied. A level of significance of
5% (p < 0.05) was adopted for all tests.

RESULTS

From the foregoing, one can argue that the results
found in this study are reliable, since, after further mea-
surements were carried out in the dental casts of five
randomly selected patients, no intraexaminer errors
that might compromise this research were identified.
Measurements of tooth tipping are more error-prone
due to inconsistencies in (a) the location of points,
(b) trimming of casts, and (c) construction of lines.

Table 1 depicts means and standard deviation values
of transverse widths in the upper dental arch, expressed
in millimeters, at the three evaluation periods, and re-
sults from ANOVA and Tukey’s test. It shows an in-
crease in transverse width with means of 9.26 mm for
first molars, 5.4 mm for second molars, 9.8 mm for first
premolars, 9.49 mm for second premolars, and 5.87 mm
for canines from T, to T,. These values remained un-
changed from T, to T..

Table 2 presents the mean size of crowns in the max-
illary arch, expressed in millimeters, at T,, T, and T,
and the results of ANOVA and Tukey’s test showing
differences only in left first and second molars.

Table 3 shows means and standard deviation values
of maxillary teeth tipping, expressed in degrees, at T,
T,and T, and the results of ANOVA and Tukey’s test.
All values increased, thereby pointing to buccal tipping,
although significant only in some teeth.

DISCUSSION

The literature presents different methods to assess
changes induced by SARME in dental casts, namely: as-
sessment with a bow compass,” digital calipter* and laser-
scanned models. Laser scanning is common in industrial
engineering and medicine as a noninvasive alternative to
generate 3D images. The measurement method using
a 3D scanner has been studied and proved reliable and
convenient.”"®2" It has also been proven that analyses in
digital models can be performed in both clinical practice
and research, with extremely accurate outcomes. 712"

Digital models have the added advantage of allowing
images to be sliced, providing superior viewing of
points not visible in dental casts. Furthermore, they can
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Table 1 - Means and standard deviation values of transverse widths in the up-
per dental arch, in mm, at the three assessment periods, and results of ANOVA
and Tukey's test.

Tooth T, T, T, p
1M 3594 + 443 4520 + 3.96° 4526 + 441° < 0.001*
2MM 4345 + 4.58° 4885 + 4.53° 4882 + 4.72° < 0.001*
14PM 26.02 + 2.56° 3582+ 297 3547 + 2.69° < 0.001*

2"PM 31.28 + 3.242 40.77 + 3.05° 40.73 + 3.20° < 0.001*

C 30.56 4+ 2.39° 3643 + 241° 36.14 + 2.57° <0.001*

*Statistically significant difference found by ANOVA (p < 0.05).
Periods of time with the same letter are not statistically different (Tukey's test).

Table 2 - Means and standard deviation values of crown heights in the upper
dental arch, in mm, at the three assessment periods, and results of ANOVA
and Tukey's test.

Tooth T, T, 1 [
1M right 725+108 725+084 723+081 0996 ns
2Mright  6.88 +1.00 719+ 078 705+ 079 0182 ns
1“PMright 766 + 0.89 792 + 094 804+088  0062ns
2%PMright  6.88 £ 1.11 6.88 + 115 698+094  0754ns

C right 929 +115 947 +114 940+ 098  0492ns

1M left 6.96 + 0.74° 717 +1.03* 739 + 111° 0.035*
27M left 645+ 078 6.89 + 0.89° 6.87 +0.91° 0.006*
15PM left 792 +1.03 800+ 0.79 803+070  0748ns
2%PM left  6.81+ 099 6.84 +0.93 6.84+097  0930ns

C left 9.21+100 935+ 115 938+099  0597ns

ns = No statistically significant difference.
*Statistically significant difference found by ANOVA (p < 0.05).
Periods of time with the same letter are not statistically different (Tukey's test).

Table 3 - Means and standard deviation values of tipping of teeth in the upper
dental arch, in mm, at the three assessment periods, and results of ANOVA
and Tukey's test.

Tooth T, T, T, p
1M right 98.96 + 947 102.76 + 563 10261+490 0.120ns
2Mright  106.98 + 750°  110.82 + 873 10941 + 7.69%® 0.041*
1*PMright  88.18 + 8.00° 96.37 + 819° 9548 + 715 < 0.001*
2"PMright 9220 + 885 10154 +877°  100.34 + 548> < 0.001*

C right 100.17 + 877 99.33 + 811 9876+ 895  0644ns

1M left 10207 +710° 10640 + 746> 10462 + 572®  0.019*
27IM left 11218 + 6.28 11370 + 6.05 11047 + 634 0154 ns
15PM left 94.24 + 6.53 96.17 + 7.13 96.68 + 6.30 0.312 ns
2PM left 9333+ 637° 10384 +578° 10145+6.70° <0.001*

C left 103.29 + 717 104.06 + 7.84 10017 + 513  0.084ns

ns — No statistically significant difference.
*Statistically significant difference found by ANOVA (p < 0.05)
Periods of time with the same letter are not statistically different (Tukey's test).
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be superimposed, which facilitates viewing of the me-
chanics used in a given treatment.”

The time spent while taking measurements in the
digital models was relatively shorter, given the user-
friendliness of the programs and the measuring resources
available, which yield very accurate measurements.”

Treatment including SARME proved successful for
adult patients requiring maxillary expansion, a finding
reported by several authors.?#¢1213:25

The present study disclosed an increase in trans-
verse width in all teeth from T, to T,, with measure-
ments remaining unchanged from T, to T, (Table 1).
Thus, it is reasonable to assert that SARME demon-
strated effectiveness and stability during the assessment
period (6 months).

The slight increase found in intercanine width can
be attributed to the fact that patients with indication for
SARME often have canines in infralabioversion. As an-
terior space is gained, these teeth tend to align, conse-
quently taking on a more lingual position and not show-
ing so much increase in width."*%

In comparison to first molars, there was less increase
in transverse width in second molars (5.4 mm and
9.4 mm, respectively). This difference can be probably
linked to release of the pterygopalatine process due to
the surgical technique employed, and also to the fact
that this tooth was not included in the appliance.”

In adults, both surgical and nonsurgical procedures
can correct maxillary transverse deficiency and achieve
stability,*>*? but comparison showed greater transverse
increase in surgical cases.

SARME did not interfere in gingival attachment at
the three assessment periods, except for first and second
molars on the left side. Bassareli, Dalstra and Melsen?
as well as Handelman et al® reported that nonsurgical
maxillary expansion is effective in adults. However,
these studies demonstrated greater dentoalveolar com-
pensation due to increased tipping. Furthermore, they
found no connection between the development of gin-
gival recession and the amount of transverse expansion
in adults, since there was no change in clinical crown
height. In comparing the two types of treatment, i.c.,
SARME versus nonsurgical expansion, Carmen et al’
found that these treatment modalities result in increased
transverse dimension and show no statistically signifi-
cant differences in the development of gingival reces-
sion. Nevertheless, SARME proved more effective and
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less harmful to the periodontium, thereby corroborat-
ing Northway and Meade,* who argued that crown
length displayed greater increase in nonsurgical patients.

The literature has shown that bone dehiscence can
be produced in the alveolar bone when teeth are tipped
bucally, but orthodontic movement would not neces-
sarily be accompanied by loss of connective tissue.'"!!

It has been acknowledged that teeth positioned or
moved bucally, bone dehiscence and the presence of
thin and brittle keratinized mucosa are the main predis-
posing factors of gingival recession.">*” Gingival reces-
sion, however, 1s only triggered by mechanical trauma
caused by brushing, or inflammation induced by the
presence of plaque.’ Therefore, the quality of the kera-
tinized mucosa and tooth brushing in particular should
be closely monitored in patients undergoing SARME.

The surgical procedure resulted in dentoalveo-
lar tipping, with statistical significance (Table 3),
in the second molar, first and second premolars on
the right side, and first molar and second premolars
on the left side from T, to T,. From T, to T, tip-
ping remained unchanged. In this study, crown tip-
ping was calculated by means of the angle formed by
the long axis of the tooth with a line that connects
the buccal and lingual surfaces of the gingival most
points. Thus, calculating tipping was less dependent
on crown morphology,® since other methods are in-
fluenced by changes in cusp height.!*

This difterence in the amount of tipping may be related
to the way in which expansive force is delivered. Second
premolars experienced expansion forces through contact
between the lingual connection wire and its homonymous
surface. With simple force applied to the crown, away
from the center of resistance, a moment of force was cre-
ated in the buccal direction, ultimately yielding some tip-
ping component. Furthermore, anchorage teeth received
expansion forces by means of bands rigidly fixed to the
appliance. As the screw was activated, the bands, which
were wide in the cervico-occlusal direction, resisted the
tendency to tip by moving the anchorage teeth predomi-
nantly through a bodily movement in buccal direction.’
This clearly shows that overcorrection was necessary due
to relapse induced by the effects of tipping.®**

CONCLUSION
SARME proved to be an effective and stable proce-
dure, with minimum periodontal hazards.
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