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Abstract

The purpose of this prospective study was to investigate medium-term indirect effects of Maxillary Expansion (RME) therapy
on mandibular arch dimensions using two different clinical protocol activation. Sixty patients in mixed dentition (mean age
7.8 y) showing maxillary deficiency and/or unilatetal or bilateral cross-bite were treated with RPE (Haas type) on second de-
ciduous molars. For patient in RME group (rapid maxillary expansion), treatment protocol consisted of 2 turns per day: For
patient in SME (slow maxillary expansion) group treatment protocol consisted of 2 turns per week. Study models were taken
before (T'1) and after expansion (T2) with 12 £ 4 months interval. Dental cast were digitized with a 3D scanner (3Shape, DK)
and a set of landmarks was digitized on each digital model. Mandibular intermolar distance (MID), mandibular molar torque
(MMT), mandibular intercanine distance (MIcD) and mandibular canine torque (MCT) were assessed. At T1, no differences
at baseline were found between groups. At T2, in RME group, mandibular intermolar distance (MID) increased 1.2 mm and
MMT increased 6.5°. In SME group MID increased 1.3 mm and mandibular molar torque (MMT) increased 6.2°. There was a
significant effect on mandibular intercanine distance (MIcD) (RME +0.8 mm, SME +0.9 mm) and on and mandibular canine
torque (MCT) (RME +3.4°, SME +3.8°). The improvement in transversal and torque measurement did not differ between
groups. In conclusion, both rapid and slow maxillary expansion protocols have a significant medium-term widening effect on
the mandibular first molars and canines.

Keywords: Dentistry; Orthodontics; Rapid Expansion; Slow Expansion; Mandibular Transverse Dimension; Craniofacial
Growth; Digital Dental Casts.

Introduction arch (lip-bumper effect), causing a buccal inclination of the mid
and posterior lower teeth [15]. Haas [16] was the first to report a

Masillary expansion is a well recognize efficient therapy to treat spontaneous increase in buccal inclination of mandibular teeth

skeletal maxillary deficiency [1, 2] and dental and skeletal cross-
bite [3-5] with a few side effects [6, 7], such functional impair-
ments, injuries to the periodontal tissues and pain [8-11]. Maxil-
lary expansion efficacy in widening the transverse dimension of
the maxilla has been extensively reported in literature, both in the
short and long term [3, 4, 12]. Several studies also claim for a
spontaneous indirect widening effect on the transverse dimension
of the mandible. Some Authors [13, 14] postulated as sponta-
neous mandibular transverse widening effect is due to occlusal
changes in the maxillary arch that forcing the mandibular molars
toward a buccal inclination. Other theories attributed the widen-
ing effect to a change of extra-oral tissue stiffness and mastica-
tory muscles cinematics mediated by expansion of the maxillary
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after rapid maxillary expansion in pigs. In 1977 the study Wertz
and Dreskin [17] assessed a mandibular intermolar increase of
0.46 mm as a short-term result of maxillary expansion, while in
the long term (48 months) there was no difference between treat-
ed patients and controls. Gryson [14] in a short term clinical study
evaluated the effect of maxillary expansion on mandibular arch
compared to an historical control group [18] and reported a sig-
nificant increase (+0.31 mm) in intermolar mandibular width, but
a non-significant difference in intercanina width (+0.17) Adkins
et al,, [13] reported a slight indirect buccal uprighting of the man-
dibular molars, caused by to the modification in occlusal contacts
and forces. Lima and co-Authors [19] carried out a long-term
study on the effect of maxillary expansion on mandibular arch
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and their findings corroborated the long-term spontaneous man-
dibular response after palatal expansion in patients with trans-
verse maxillary skeletal discrepancies. Most of the cited studies
were designed to assess rapid maxillary expansion and its skeletal
and dentoalveolar effects but mandibular changes were reported
only as a side effect. Aim of the present study is to describe the
differences in the medium-term effects of maxillary expansion
on the mandibular arch using two expansion protocol (rapid and
slow).

Materials and Methods

Sixty patients in mixed dentition showing maxillary deficiency
and/or unilateral or bilateral cross-bite wete included in the study.
Subjects were divided in 2 group according to their maxillary ex-
pansion protocol. RME group were treated with rapid maxillary
expansion protocol comprised 30 subjects (13 male and 17 fe-
males, mean age 7.5 £ 0.8 years); SME group were treated with
slow maxillary expansion protocol comprised 30 subjects (14 male
and 15 females, mean age 8.1 £ 0.9 years). The patients were con-
secutively treated in orthodontic private practice private practice
between 2016 and 2019 and were selected according to the fol-
lowing criteria: maxillary deficiency and/or unilateral or bilateral
cross-bite; early or mixed dentition stage; cervical vertebral stage
1 through 3 (CVS method 1-3); underwent rapid or slow maxillary
expansion therapy (Haas type,); no subsequent comprehensive or-
thodontic treatment was implemented in either the maxilla or the
mandible. The exclusion criteria for selection were: previous or-
thodontic treatment; hypodontia in any quadrant excluding third
molars; arthritis or craniofacial abnormalities (e.g. cleft lip and
palate). Three-dimensional digital dental casts were obtained pre-
treatment (T'1) and post-treatment (T2, 124 months interval).
The maxillary expanders were cemented and activated according
to the following protocol: the appliances in the RME group was
activated 2 quarter turns pet day (0.4 mm/day). The appliances in
the SME group was activated 2 quarter turns pet week (0.4 mm/
week). Expansion was considered adequate when the occlusal as-
pect of the maxillary lingual cusp of upper first molars contacted
the occlusal aspect of the facial cusp of the mandibular lower
first molars. Then the appliance remained in situ for a retention
petiod of 12 £ 4 months. Cast Analysis. The sample consisted
of 120 cast models scanned by a 3SHAPE D640 SCANNER (3
Shape, Copenhagen, DK) 3D digital model (*.stl) were thus ob-
tained. 3D digital model assessment was cast analysis were ac-
complished with a multi-step analysis reported in a previous study
[20]. Briefly, the first step consisted of points input on each model
via inForm™ (Vectra System Software).

The whole set of points was then exported into a .txt file. The .txt
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file was imported into an Excel matrix and data for the x, y and
z axis were divided into three columns. Data were then divided
on a tooth by tooth basis inserting manually a 3D point close
to the origin (thus having x, y and z values close to 0). The task
could be semi-automatically accomplished with an Excel Matrix.
Finally, the xIs file was analysed with a custom software for 3D
arch analysis (Figure 1).

The process can be repeated for each model (upper and lower
arch) to build a whole set of data which can be statistically ana-
lyzed to check for the influence of maxillary expansion on the
mandibular arch. Measurements were made directly on scanned
maxillary and mandibular dental casts allowed the data to be di-
rectly digitized in the ad-hoc software with a spreadsheet pro-
gram. If cusp tips were worn, the centers of the resulting facets
were used as landmarks. When either the deciduous teeth wete
missing or the permanent teeth were not fully erupted, the meas-
urement for that variable was eliminated. Lingual measurements
for mandibular intermolar width were made at the point of the
intersection of the lingual groove with the cervical gingival mar-
gin and for intercanine width at the cervical margins of the tooth
from the point of greatest convexity bilaterally, according to Mc-
Dougall et al., [21]. The occlusal intermolar width was measured
as the distance between mesiobuccal cusps tips of the first perma-
nent molars bilaterally and the intercanine width as the distance
between cusp tips bilaterally. Additional maxillary intermolar arch
width data from the same patients and measured the same way
were obtained from mandibular cast. Moreover, mandibular and
maxillary molar and canine torque was obtained. Two points per
teeth allowed to trace the Facial Axis Clinical Crown (FACC) of
the first molars and the deciduous canines. Also, three lingual
point were used as a reference point.

Method error. Measurements were repeated on 8 randomly se-
lected casts to determine error of the method between first and
second measures. Standard deviations were found to be in the
range of 0.07 to 0.18 mm for all measurements (average variation,
0.1 mm). Clinically, 0.1 mm is not considered significant. Intra-
class correlation coefficients were calculated to compare within-
subjects variability to between-subjects variability, were greater
than 0.95.

Statistical Analysis

Descriptive statistics were computed for each mandibular variable:
vestibular and lingual intermolar distance; intercanine distance;
molar and canine mean torque values. Shapiro-Wilks test showed
that data were normal distributed, therefore parametric statistics
were applied. Patients’ data were compared between groups using

Figure 1. Mandibular 3D model with digitized landmarks.
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parametric t-tests. Probabilities of less than 0.05 were accepted as
significant in all statistical analyses. The power of the study was
adequate (greater than 0.85), calculated a priori using the mean
values and standard deviations of mandibular molar expansion
after RME therapy found by Ugolini et al., [20], at an alpha of .05.

Results

Descriptive analyses of the mandibular variables at two assess-
ment stages for all 60 subjects are shown Table 1. Only fully
erupted teeth were assessed and if a deciduous tooth was re-
placed during the treatment no measurement was taken. Accord-
ing to this inclusion protocol for MID and MMT the sample
was RME=27, SME=26; for MIcD and MCT the sample was
RME=26, SME=25.

At T1, no differences at baseline were found between groups. At
T2, in RME group, mandibular intermolar distance (MID) in-
creased 1.2 mm and MMT increased 6.5°. In SME group MID
increased 1.3 mm and mandibular molar torque (MMT) increased
6.2°. There was a significant effect on mandibular intercanine
distance MIcD) (RME +0.8 mm, SME +0.9 mm) and on and
mandibular canine torque (MCT) RME +3.4°, SME +3.8°). The
improvement in transversal and torque measurement did not dif-
fer between groups (Table 2).

Discussion

Indirect and spontancous mandibular response after maxillary
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expansion has been reported in several studies as treatment side
effect [14, 17, 22| and very few published studies focused their
assessment of this topic [19, 20]. In this study, we assessed the
medium term spontaneous mandibular response after maxillary
expansion therapy with two different activation protocol (rapid
and slow). Mandibular intermolar/canine distance and molar/ca-
nine torque were analysed and results were compared with other
expansion studies and with longitudinal studies of untreated sub-
jects.

In this study, RME group and SME, from pre-expansion (T'1) to
the post expansion (I2), showed a significant increase (p<<0.01)
for all the variables considered: RME group reported MID + 2.2
mm, MMT + 11°, MIcD + 1.2mm, MCT + 4.9°; SME group
reported MID + 1.7mm, MMT + 10°, MIcD + 1.1mm, MCT +
4.2°. These increases were comparable or greater than the man-
dibular widening values previously reported.

From T1 to T2, increases mentioned above in both in RME and
SME group suggest a slight uprighting and this hypothesis is cor-
roborated by the torque values. From T1 to T2 mandibular molar
and canine torque were significantly increased (molars: RME +
11°, SME + 10°; canines: RME + 4.9°, SME + 4.2°). Ulrich [23]
reported a 0.99 mm intermolar width increase and Sandstrom et
al., [24] and Moussa et al.,, [25], showed larger increases in inter-
molar width 2.3 and 2.8 mm, respectively. These values, compa-
rable with those found in the present study, should be compared
with growth mandibular values reported in the longitudinal stud-
ies of untreated patients. Sinclair and Little [26] found no sig-
nificant increases in intermolar width for male patients, whereas

Table 1. Descriptive statistics and comparisons between groups at T0.

independent samples).

Torque = buccolingual degree of inclination. All comparisons were not significant (NS=p > 0.05, Student’s t test for

. . RME Group SME Group T Test
Variable Unit

Mean SD Mean SD p value
Age years 7.5 0.8 8.1 0.9 NS
36-46 (MID) mm 44.6 1.9 45.2 2.2 NS
33-43 (MIcD) mm 26.2 1.3 25.3 1.9 NS
36 torque ° -41.8 6.6 -43.2 7.7 NS
46 torque ° -42.7 7.4 -41.4 5.9 NS
33 torque ° -15.5 5.7 -17.7 6.2 NS
43 torque ° -16.1 6.4 -15.2 7.9 NS

Table 2. Mean and standard deviation (SD) of the net differences between T2 and T1 values for RME and SME group.

. . | RME Group | SME Group | T Test
Variable Unit

Mean | SD | Mean | SD | p value
36-46 (occlusal) | mm 1.2 0.7 1.3 1.1 0.76
33-43 (occlusal) | mm 0.8 1.3 0.9 1.2 0.82
36 torque ° 6.3 4.8 5.9 5.6 0.61
46 torque ° 5.8 5.2 6.4 5.9 0.85
33 torque ° 3.8 3.2 33 4.1 0.54
43 torque ° 2.9 4.6 2.7 3.9 0.67
MMT (mean) ° 6.5 5.2 6.2 54| 0.62
MCT (mean) ° 3.4 3.9 3.8 6.4 | 0.51
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female patients showed a statistically significant loss of 0.88 mm.
The analysis of the intercanine width showed a little effect on
intercanine distance on canine torque values. Similar results were
reported by Lima et al,, [19]. In contrast, Haas [22] reported no
change for intercanine width in 50% of the sample analyzed;
however, the age range was 9 to 18 years, rather than 6.7 to 9.1
years in the present study. Most of the studies that reported molar
intercanine distance, showed very scattered value for these vari-
ables, ranging from 0.5 to 5 mm, which might be attributed mainly
to the differences in sample selection. Ulrich [23] reported an in-
crease in intercanine width of 0.69 mm, in contrast Haas [22]
found an increase up to 5 mm. Moussa et al., [25] suggested as the
width increase induced by the active expansion, tends to decrease
in and after the retention period, as similatly occurs in untreated
patients during growth. In fact Moussa et al., [25] reported that
intercanine width increase at post-treatment of 1.8 mm, followed
by a decrease of 1.1 mm post-retention, with a mean net loss of
0.7 mm. Studies on untreated subjects [18, 27|, reported continues
decrease in the intercanine width (0.5-1.5 mm) during the matu-
ration of the permanent dentition. And Sinclair and Little |20]
found that intercanine width have a decrease more in female than
in male patients aged from 13 to 20 years.

Conclusion

Mandibular arch width increased significantly after maxillary ex-
pansion with a Haas-type appliance with both rapid and slow ac-
tivation protocol. There were a significant widening effects on
molar and intercanine distance and on molars and canine torque.
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