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ABSTRACT 
Objective: To evaluate how the lower arch spontaneously change after upper rapid palatal expansion in a 
group of patients with transversal skeletal deficit. Material and Methods: Twenty-four patients treated by 
the same orthodontist with a rapid palatal expander (RPE) bounded on a deciduous molar have been 
selected. The sample was divided into two groups: no treatment was provided for group one, while group 
two was treated using a lip bumper or Schwarz appliance.  For each patient, dental casts were collected 
when the RPE was bounded (T0) and at the end of treatment, 9 months ± 3 months later (T1). Each 
outcome was analyzed, providing descriptive statistics, main effects significance tests and post-hoc analyses 
with the objective to evaluate the variations between pre-treatment (TO) and post-treatment (T1) of each of 
them. Results: If the linear measurements are considered, a significant beneficial effect on both arches is 
observed. However, the upper arch always shows a major increase of all values at T1 with respect to the 
lower arch. Even though the post-hoc tables indicate that time differences are all statistically significant 
across considered partitions, the lower arch's increase is more pronounced in group two, where patients 
were treated in both arches. If the angular measurements are concerned, the increase of lingual crown 
inclination was found in all patients, independently from the type of treatment in lower arch. Conclusion: 
All patients show normalization of upper diameters, regardless of whether the lower arch was treated or 
not. 
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Introduction 

Correction of transversal maxillary diameters is an important goal of orthodontic treatment: narrow 

arches and posterior crossbite are constant findings in daily practice [1-3]. A rapid palatal expander (RPE) is 

the most effective device at our disposal if the purpose is to obtain a widening of the median palatal suture and, 

consequently, skeletal expansion of the upper arch [4,5].  Some cases of maxillary transverse contraction do 

not show any posterior crossbite due to the establishment of lower premolars and molars compensations.  

Because of reduced upper transversal diameters, posterior lower teeth tend to physiologically assume a 

negative torque to compensate the skeletal palatal deficit [6]. To obtain a recovery of lower arch transversal 

diameters and a decompensation of posterior teeth negative torque after expansion of upper arch, many devices 

have been proposed [7-9]. 

One of the most used is a removable lip bumper, particularly useful in those patients where buccal and 

labial muscles are quite contracted [10]. It is placed away from teeth and shield to the adjacent soft tissue 

forces. It must be worn full time to obtain the desired results. It also increases the arch length through passive 

lateral and anterior expansion, it’s also effective in straightening teeth and gaining posterior space by 

distalizing the arch [11,12]. 

Murphy et al. [13] found that 50% of the mandibular expansion gained using lip-bumper is 

concentrated in the first 100 days and that 90% is obtained in the first 300 days [14]. This points out how the 

appliance is effective in decompensate the collapse of the lower arch after palatal expansion. 

Alternatively, to expand the lower arch, a mandibular Schwarz appliance can be used. It fits along the 

lingual edge of the mandibular dentition and it extends along the gum line. An expansion screw is incorporated 

into the acrylic and should be activated once a week, with 0.25-0.50 of transversal vestibular crown tipping 

[15]. It has been demonstrated significant long-term stability of maxillary and mandibular perimeter 

augmentation (3.8-3.7 mm) using a Schwarz appliance and maxillary RPE [16-18]. 

Even if we don’t use any mandibular devices, Haas stated that after a palatal expansion of 12-14 mm, a 

significant spontaneous expansion of the lower arch occurs due to an altered muscular balance between the 

tongue and the buccinators [19]. According to previous study [10], a permanent increase in the maxillary 

apical base leads to a significant and stable spontaneous increase in the mandibular arch's width. 

Indeed, we intend to evaluate how the lower arch spontaneously changes after upper rapid palatal 

expansion in a group of patients with a transversal skeletal deficit. The null hypothesis claims that an 

untreated contracted lower arch allows the same upper expansion of a treated lower arch for its correct 

decompensation. 

 

Material and Methods 

Study Design and Sample 

In this prospective study, twenty-four patients with mixed dentition in a pre-pubertal phase have been 

selected with the following inclusion criteria: 1) No previous orthodontic treatment; 2) ANB > 2°; 3) Cervical 

vertebral maturation stage: CVS1, according to Baccetti et al. [20]; 4) Upper transverse skeletal deficit; and 5) 

Compensatory contraction of the lower arch, with deep Wilson Curve. They have all been treated by the same 

orthodontist with a rapid palatal expander (Dentaurum Hyrax 10, Leone s.p.a, Sesto Fiorentino, Italy), bonded 

on deciduous second molar to minimize dental effects and any side effects on permanent teeth [21]. 

 

Clinical Procedures 
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The activation of ¼ round/day was performed since the contact of palatal cusps of the first upper 

molars with vestibular cusps of first lower molars (Figure 1). 

 

 
Figure 1. The limit of transversal palatal expansion is given by the contact with the lower arch. 

 

At the end of palatal expansion, the total sample was divided into two groups, depending on the type 

of treatment chosen for lower arch: 

• Group 1 (11 patients - 4 males and 7 females - 8 years and 6 months): spontaneous expansion of lower 

arch, with no appliances used; 

• Group 2 (13 patients - 3 males and 10 females -  9 years and 4 months): a mandibular appliance was used 

to obtain a transversal expansion. Seven of these patients were treated with lip bumper, activated every 

month, and six with Schwarz appliance activated with ¼ round/week. 

Since it is not possible to structure such a double-blind study, the patients were divided into the two 

study groups based on when they arrived at our observation: the first patient was assigned to group one, and 

so on alternately. For each one, dental casts were collected when the RPE was bounded (T0) and at the end of 

treatment, 9 months ± 3 months later (T1). Then, all dental casts were scanned using an extraoral scanner 

(Optical ReVeng Orthodontic, Open Tech 3d srl, Italy). Virtual tridimensional scans (file.stl) were imported in 

NemoCast 3D (Nemotec Dental System, Dentaurum Italia s.p.a, Bentivoglio, Italy) to make the following 

measurements: inter canine, inter molar, inter bicuspid diameters and the first permanent molar inclination in 

both arches. All measurements were made by the same operator, who was kept blind. Moreover, arch width 

was calculated from the lingual side of each tooth, considering the gingival margin at the lingual sulcus of the 

first permanent molar, as described by Brust and McNamara [22] (Figure 2). Finally, the numbers of appliance 

activations were registered to compare different protocols. 

 

 
Figure 2. Reference points for width arch calculation. 
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Statistical Analysis 

A 13-rows dataset was collected on which the following outcomes were recorded: A) Inter canine 

distance; B) Inter first bicuspid distance; C) Inter second bicuspid distance; D) Inter molar distance; E) Torque 

right size; and F) Torque left size. 

To simplify the analysis and interpretation of the results, each of the six variables was recalculated as 

the difference between T1 and T0: positive values indicate an increase in distances/degrees at T1. When close 

to zero, it points out stability between pre- and post-treatment. The study aims to statistically assess any 

differences between the two groups among times. 

About the distances, descriptive statistics (number, average, and standard deviation) were carried out 

for each variable “distance” split by time, arch and group. It was verified whether the time, arch and group 

distances were different from each variable “distance” using a linear mixed model [23] and post-hoc tests on 

marginal means [24] using the Tukey approach. The linear mixed models included arch, group and time 

(when available) main effects and interaction, patient as a random effect (to allow for repeated measures). 

Normality test on the models’ residuals results was tested with the Shapiro-Wilk test. The statistical software 

R [25] and associated packages were used for statistical modeling. Statistical significance was assessed using a 

threshold of α=0.05 (5%). 

 

Results 

According to the non-parametric Mann-Whitney test, the second group of patients, treated using lip 

bumper or Schwarz appliance, can be considered as one because none of the variables show any statistical 

significant difference. 

If the linear measurements are considered, a significant beneficial effect on both arches is observed. 

However, the upper arch always shows a major increase of all values at T1 concerning the mandibular arch 

(Tables 1 to 4). Even though an increase in all diameters was confirmed, the increase in lower arch is more 

pronounced in group two, where patients were treated in both arches (Figure 3). 

 

Table 1. Inter canine distance: mean (SD) of the difference T1-T0. 
Time Arch Group N Mean SD 

T1 Upper Upper + Lower 13 26.0 3.77 
T1 Upper Upper Only 11 26.3 4.46 
T1 Lower Upper + Lower 13 21.7 3.11 
T1 Lower Upper Only 11 22.7 3.07 
T2 Upper Upper + Lower 13 29.8 4.03 
T2 Upper Upper Only 11 30.4 4.10 
T2 Lower Upper + Lower 13 24.3 3.14 
T2 Lower Upper Only 11 23.7 3.27 

 

Table 2. Inter first bicuspid distance: mean (SD) of the difference T1-T0. 
Time Arch Group N Mean SD 

T1 Upper Upper + Lower 13 28.1 4.29 
T1 Upper Upper Only 11 28.7 4.55 
T1 Lower Upper + Lower 13 25.8 3.23 
T1 Lower Upper Only 11 27.0 3.18 
T2 Upper Upper + Lower 13 33.0 4.52 
T2 Upper Upper Only 11 33.6 4.53 
T2 Lower Upper + Lower 13 28.2 2.89 
T2 Lower Upper Only 11 27.8 3.24 
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Table 3. Inter second bicuspid distance: mean (SD) of the difference T1-T0. 
Time Arch Group N Mean SD 

T1 Upper Upper + Lower 13 32.5 5.11 
T1 Upper Upper Only 11 32.7 5.19 
T1 Lower Upper + Lower 13 30.3 4.12 
T1 Lower Upper Only 11 32.4 4.37 
T2 Upper Upper + Lower 13 37.0 5.06 
T2 Upper Upper Only 11 38.1 5.50 
T2 Lower Upper + Lower 13 33.1 4.10 
T2 Lower Upper Only 11 33.5 4.53 

 

 

Table 4. Inter molar distance: mean (SD) of the difference T1-T0. 
Time Arch Group N Mean SD 

T1 Upper Upper + Lower 13 37.4 5.94 
T1 Upper Upper Only 11 36.7 6.23 
T1 Lower Upper + Lower 13 35.4 4.71 
T1 Lower Upper Only 11 37.0 5.02 
T2 Upper Upper + Lower 13 41.8 6.00 
T2 Upper Upper Only 11 41.8 6.43 
T2 Lower Upper + Lower 13 37.9 4.70 
T2 Lower Upper Only 11 38.1 5.08 

 

 

 
Figure 3. Trend over time of the parameter: (A) Inter canine diameter; (B) Inter first bicuspid diameter; 

(C) Inter second bicuspid diameter; (D) Inter molar diameter. 
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If the angular measurements of the lower arch are considered, the factor "arches" is the one that shows 

a greater significance: on average, crown inclination values of mandibular arch increase more than the crown 

inclination values of the upper arch (Table 5). The type of treatment does not determine any kind of variation 

in results (Figure 4). 

 

Table 5. Torque left and right side: mean (SD) of the difference T1-T0. 
Time Arch Group N Left Side Right Side 

   
 

Mean SD Mean SD 
T1 Upper Upper + Lower 13 -15.06 6.86 -12.45 5.21 
T1 Upper Upper Only 11 -13.97 6.09 -15.16 7.60 
T1 Lower Upper + Lower 13 -46.33 6.56 -45.59 6.46 
T1 Lower Upper Only 11 -43.23 7.98 -43.84 5.82 
T2 Upper Upper + Lower 13 -6.98 4.42 -7.23 4.98 
T2 Upper Upper Only 11 -7.81 3.16 -7.58 5.29 
T2 Lower Upper + Lower 13 -34.61 5.75 -34.62 4.89 
T2 Lower Upper Only 11 -35.50 4.61 -35.70 6.79 

 

 
Figure 4. Trend over time of the parameter: (A) Torque left size; (B) Torque right size. 

 

The post-hoc tables indicate that time differences are statistically significant across considered 

partitions (Tables 7 to 12). Statistically significant differences between group 1 and group 2 were observed for 

each outcome, except for inter molar distance and torque right/left inclination (Figures 9 to 14). The post-hoc 

tables indicate that time differences are all statistically significant across considered partitions. The p-values of 

the Shapiro-Test (p>0.05) indicate that the normality assumptions on which the modeling approach is based 

hold for all variables (Table 13). 

 

Table 7. Post-hoc analysis: Inter canine distance. 
Contrast Arch Group Estimate SE Df Lower.CL Upper.CL T.ratio p-value 

T1-T0 Upper Upper + Lower 3.78 0.362 162 3.062 4.49 10.43 0.000 
T1-T0 Lower Upper + Lower 2.60 0.362 162 1.885 3.31 7.18 0.000 
T1-T0 Upper Upper Only 4.13 0.394 162 3.350 4.90 10.49 0.000 
T1-T0 Lower Upper Only 1.06 0.394 162 0.284 1.84 2.70 0.008 

 

Table 8. Post-hoc analysis: Inter first bicuspid distance. 
Contrast Arch Group Estimate SE Df Lower.CL Upper.CL T.ratio p-value 

T1-T0 Upper Upper + Lower 4.911 0.368 162 4.184 5.64 13.34 0.000 
T1-T0 Lower Upper + Lower 2.427 0.368 162 1.700 3.15 6.59 0.000 
T1-T0 Upper Upper Only 4.867 0.400 162 4.077 5.66 12.16 0.000 
T1-T0 Lower Upper Only 0.845 0.400 162 0.055 1.64 2.11 0.036 
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Table 9. Post-hoc analysis: Inter second bicuspid distance. 
Contrast Arch Group Estimate SE Df Lower.CL Upper.CL T.ratio p-value 

T1-T0 Upper Upper + Lower 4.46 0.409 162 3.650 5.26 10.91 0.000 
T1-T0 Lower Upper + Lower 2.84 0.409 162 2.029 3.64 6.94 0.000 
T1-T0 Upper Upper Only 5.35 0.444 162 4.475 6.23 12.05 0.000 
T1-T0 Lower Upper Only 1.02 0.444 162 0.145 1.90 2.30 0.023 

 

Table 10. Post-hoc analysis: Inter molar distance. 
Contrast Arch Group Estimate SE Df Lower.CL Upper.CL T.ratio p-value 

T1-T0 Upper Upper + Lower 4.37 0.423 162 3.530 5.20 10.32 0.000 
T1-T0 Lower Upper + Lower 2.46 0.423 162 1.629 3.30 5.83 0.000 
T1-T0 Upper Upper Only 5.12 0.460 162 4.213 6.03 11.13 0.000 
T1-T0 Lower Upper Only 1.13 0.460 162 0.223 2.04 2.46 0.015 

 

Table 11. Post-hoc analysis: Torque left side. 
Contrast Arch Group Estimate SE Df Lower.CL Upper.CL T.ratio p-value 

T1-T0 Upper Upper + Lower -8.09 1.66 67 -11.40 -4.77 -4.87 0.000 
T1-T0 Lower Upper + Lower -11.72 1.66 67 -15.04 -8.41 -7.07 0.000 
T1-T0 Upper Upper Only -6.16 1.80 67 -9.76 -2.56 -3.42 0.001 
T1-T0 Lower Upper Only -7.73 1.80 67 -11.33 -4.13 -4.28 0.000 

 

Table 12. Post-hoc analysis: Torque right side. 
Contrast Arch Group Estimate SE Df Lower.CL Upper.CL T.ratio p-value 

T1-T0 Upper Upper + Lower -5.21 2.00 67.1 -9.21 -1.22 -2.61 0.011 
T1-T0 Lower Upper + Lower -10.97 2.00 67.1 -14.96 -6.98 -5.48 0.000 
T1-T0 Upper Upper Only -7.58 2.17 67.1 -11.92 -3.24 -3.49 0.001 
T1-T0 Lower Upper Only -8.14 2.17 67.1 -12.48 -3.80 -3.74 0.000 

 

Table 13. Shapiro-Wilk test p-values on model’s residuals. 
Variables p-value 

Inter Canine Distance 0.437 
Inter First Bicuspid Distance 0.701 
Inter Second Bicuspid Distance 0.300 
Inter Molar Distance 0.828 
Torque Right Size 0.048 
Torque Left Size 0.273 

 

 
On the abscissa, the estimated values of the marginal effects of the model, while on 
the ordinate the time differences in relation to the arch and the group. 

 
Figure 9. Post hoc analysis for inter-canine diameter with confidence bands. 
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On the abscissa, the estimated values of the marginal effects of the model, while on 
the ordinate the time differences in relation to the arch and the group. 

 
Figure 10. Post hoc analysis for inter first bicuspid diameter with confidence bands. 

 

 
On the abscissa, the estimated values of the marginal effects of the model, while on 
the ordinate the time differences in relation to the arch and the group. 

 
Figure 11. Post hoc analysis for inter second bicuspid diameter with confidence bands. 

 

 
On the abscissa, the estimated values of the marginal effects of the model, while on 
the ordinate the time differences in relation to the arch and the group. 

 
Figure 12. Post hoc analysis for inter molar diameter with confidence bands. 
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On the abscissa, the estimated values of the marginal effects of the model, while on 
the ordinate the time differences in relation to the arch and the group. 

 
Figure 13. Post hoc analysis for torque left size with confidence bands. 

 

 
On the abscissa, the estimated values of the marginal effects of the model, while on 
the ordinate the time differences in relation to the arch and the group. 

 
Figure 14. Post hoc analysis for torque right size with confidence bands. 

 

Discussion 

The objective of orthopedic treatment is to obtain an ideal skeletal relationship between the 

maxillaries. Rapid maxillary expansion (RME) has always been the election treatment for the correction of 

posterior crossbite and transverse deficiency, thanks to the possibility of separating the mid-palatal suture 

before its ossification [16]. 

Although orthopedic treatment effects with RPE have been widely studied, little is known about 

dentoalveolar effects of RME in mandibular arch [26]. The assumption has been that upper expansion could 

induce functional uprighting of mandibular posterior teeth. However, some studies have confirmed [27], while 

others have refuted [28], the spontaneous increase in lower inter molar and inter canine widths, no definitive 

consensus was reached. 
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Indeed, the maxillary skeletal morphology seems to influence the mandibular dentition position more 

than the lower jaw's size and shape. Weak evidence suggests that using a lower appliance, such as a lip bumper, 

can determine a further increase in mandibular arch perimeter after rapid upper expansion [29]. Another 

conclusion was made by O'Grady et al. [16], who stated that Schwarz appliance's use leads to a major 

expansion of mandibular arch in the long term. In the current study, although all patients show an increase of 

lower diameters, the ones treated with lip bumper or Schwarz appliance gained a more statistically significant 

expansion. 

The graphical interpretation of the post hoc analysis highlights that all outcomes have a higher 

estimated value at T1 concerning T0, which is statistically significant just in the lower arch for inter canine, 

inter first and second bicuspid diameter. However, the difference in linear distances at T1 and T0 are positive 

in both groups, indicating that in any case, an increase of mandibular widths is observed, independently from 

the kind of lower treatment. This result is comparable to the conclusions made by Lima et al. [27], who 

pointed out that the mandibular arch tends to fit the upper arch once expanded. They hypothesize that occlusal 

forces and tongue/perioral muscles balance to play the most important role. 

Handelman et al. [30] and McNamara et al. [31] found very similar improvements concerning the 

maxillary molars and bicuspids (between 4.8 and 3.7 mm for molars and first bicuspids, and between 2.3 and 

2.2 mm for second bicuspids). For the mandibular arch widths, much less expansion was found in the first 

study. A possible explanation is that the sample of Handelman et al. [30] was made of adult patients, whereas 

McNamara's sample was made of adolescents. of adolescents. Moussa et al. [32] also concluded that the lower 

inter molar and inter cuspid widths in adult patients presented a greater relapse tendency because structures 

are less adaptable in adult patients. However, in this study, the patients were examined at the end of the second 

phase of treatment using a fixed appliance. Currently, we analyzed just short-term effects.  

It is crucial that the upper expansion stops when the first upper molar palatal cusp encounters the first 

lower molar vestibular cusp. This contact creates a slide surface, which allows a lower self-expansion through 

masticatory forces and neuromuscular system [6]. Even the tongue pressure, maintained low by the presence 

of RPE, could be a further stimulation to lower expansion. In the alternative, many different functional 

appliances are available to remove possible external pressure to spontaneous expansion. 

A great limit of the current study is the sample and variable sample considered. The number of 

predictors and the model design (mixed effect models with interaction and control variables) do not permit to 

use close-form analytical formulas to assess numerically the sample adequacy. 

Future studies may have the goal of including an increased number of patients treated with the same 

expansion protocol in both arches. Moreover, it would also be interesting to evaluate the long-term effects of 

maxillary and mandibular skeletal expansion obtained at this age. 

It must be pointed out that the present study tested just conventional palatal expander. Recently, 

miniscrew supported expanders have been proposed, showing excellent mechanical properties with miniscrews 

of different diameters and materials [33-35] and reducing the risk of root resorption [36]. 

Previous evidence confirmed that skeletal anchorage could increase the skeletal effect of RME, 

extending the benefits of this therapy to late adolescence and adulthood. Also, it appeared that bone-borne 

RME limited the tipping of posterior maxillary teeth. However, just one CBCT study has assessed the 

potential effects of bone-borne RME on the mandibular arch compared to conventional tooth-borne RME. 

From a clinical perspective, the conclusion was that the small amount of post-treatment expansion in the 

mandible would not determine a significant gain of space in the lower arch after RME. 
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Conclusion 

All patients show normalization of upper diameters, regardless of whether the mandibular arch was 

treated or not. However, it is pointed out that if the patients where mandibular arch was treated by means of 

Lip bumper or Schwarz appliance, the lower dentoalveolar effects were pronounced. This means that the null 

hypothesis cannot be accepted. The major lower expansion allowed after using lip bumper or Schwarz 

appliance is statistically significant but not clinically relevant. This is confirmed by the fact that the mandibular 

arch's decompensation was equally obtained in all patients. 
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