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Summary

Background: Existing evidence on changes of the palatal rugae following rapid maxillary
expansion (RME) is scarce and inconclusive, particularly immediate post-expansion changes in
three-dimensional assessments.

Objectives: Our aims were to assess the dimensional stability of the palatal rugae in the antero-
posterior and transverse dimensions following RME treatment, as well as the three-dimensional
changes in palatal volume and area.

Material and methods: The sample consisted of the dental casts of 30 adolescents (16 males; 14
females, age 11.46 = 1.42 years) who underwent RME.The models, available atT, (pretreatment) and
T, (immediately after expansion) were scanned using a laser scanning system. Various parameters
were recorded including individual ruga transverse and antero-posterior linear and angular
measurements; palatal dimensions (width, length, volume, surface area, vault depth/height);
and dental characteristics (interincisor, intercanine, interpremolar, and intermolar distances).
Statistical analyses included paired t-tests for group comparisons, and Pearson moment product
for associations among variables.

Results: Palatal rugae were altered by RME in all dimensions in both linear and angular
measurements, almost equally on right and left sides, albeit the average linear changes were
about 1 mm. Correlation coefficients among rugal and dental measures suggested an association
between rugae changes and the underlying bony movements. Except for the first rugae that
had higher correlations to the intercanine width, the correspondence of changes seems to be
asymmetric, thus not precisely predictable.

Conclusions: The results suggest a variable trend in the rugae response to expansion, likely
reflecting the constitutional asymmetric pattern or nature of pairs of rugae.

Introduction

Rapid maxillary expansion (RME) is a predictable evidence-based
method to widen the maxillary arch of growing subjects in the
correction of malocclusions and the improvement of smile charac-
teristics (1, 2). Less foreseeably, RME has also been related to the
improvement of respiratory disturbances such as mouth breathing
(3) and sleep apnea (4, 5).

© The Author 2017. Published by Oxford University Press on behalf of the European Orthodontic Society. All rights reserved.
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The sutural opening and separation of the two maxillary halves
(6, 7) through RME result in morphological re-structuring of the
maxilla and palate, mostly in the transverse dimension (1, 2, 8). The
evidence is less conclusive regarding other palatal changes, including
antero-posterior, surface and volumetric palatal changes and mor-
phological alterations of the palatal rugae (8-11).

Early research demonstrated the immutability of the rugae and
their relative dimensional stability over time (12, 13), especially of
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the third palatal rugae (14). Accordingly, investigators focused on
the possibility of using this region of the palate to replace serial
lateral cephalograms in the assessment of dental changes during
growth or orthodontic treatment (15, 16). Some authors have used
these structures along with other regions of the palate to assess treat-
ment changes following RME (17, 18), but the assessment was at the
end of a first phase of treatment (1.1 years after initiation (17) or
at the end of orthodontic treatment (18)). Other investigators dem-
onstrated rugae stability after orthodontic treatment not involving
RME (19-22). On the contrary, authors who specifically assessed
the palatal rugae following RME therapy reported dimensional
changes in the rugae followed maxillary expansion (23, 24). While
the medial ends of the three primary palatal rugae were unaffected in
the antero-posterior dimension (23), the medial points of the second
and third rugae lacked stability in the transverse direction (23, 24).

All these studies were conducted at a time point distant from
the immediate results of the RME. A detailed investigation of the
rugal changes following RME should take into account the timely
assessments at clinically relevant specific intervals: immediately after
expansion, at appliance removal, i.e. after retention of the expan-
sion results, and after sufficient time without the appliance. The aim
of this study was to assess the dimensional changes within the pal-
ate and palatal rugae immediately after RME, an assessment not yet
undertaken in previous studies.

Materials and methods

The study sample consisted of 30 adolescents (16 males and 14
females, age 11.46 = 1.42 years). Inclusion criteria were: constricted
maxilla, posterior crossbite, fully erupted maxillary central incisors
and first molars, orthodontic treatment plan involving RME as first
stage of treatment and without the extraction of permanent teeth
(excluding the later removal of third molars). Subjects with sys-
temic disease, craniofacial anomalies, history of orthodontic treat-
ment and/or surgical treatment in the head and neck region were
excluded.

This prospective clinical study was approved by the Institutional
Review Board. Written informed consent was obtained from the par-
ents prior to start of treatment in addition to active assent from the
adolescents themselves. All patients underwent a first phase of treat-
ment with a hyrax expander (Leone A0620-11, Sesto Fiorentino,
Firenze, Italy) banded on the first the second primary molars. The
patient and parents were instructed to initiate expansion on the day
of delivery at a rate of two turns per day and were evaluated once
per week throughout the expansion period. Expansion was stopped
when the crossbite was resolved with an additional expansion of
2-3 mm per side for anticipated relapse; thus the occlusal aspect of
the maxillary lingual cusp of the maxillary first molars contacted
the occlusal aspect of the facial cusp of the mandibular first molars.

Post-expansion alginate impressions were made on the day
expansion was stopped. The appliance was temporarily removed
for the purpose of the impression to allow for clear reproduction
of the palatal area and rugae. The expander was immediately rein-
serted and orthodontic treatment continued as planned for per each
patient, independent of the study.

Digital cast analysis

Pre- and post-expansion maxillary dental casts were de-identified
by research support personnel not directly involved in the research.
Patient initials were covered and replaced with serial numbers and
an indication of the time point of assessment (T,: pre-expansion; T :

post-expansion). All remaining procedures were carried out by the
principal investigator (M.S.).

Dental casts were scanned using the laser scanning system
(Perceptron ScanWorks® VS5). The system consists of a scanning
probe attached to the Cimcore Infinite 2.0 (Seven axis) CMM Arm
complemented by a point cloud handling software (IM Inspect from
PolyWorks). Each resultant three-dimensional image was carefully
scrutinized to assess data acquisition of all relevant anatomical
structures. Following the confirmation of sufficient surface profile
for these structures, the data were saved for subsequent analysis.

The data files were processed using IMInspect software from
PolyWorks® to generate the polygonal model derived from the point
cloud for all anatomical structures present in the model, at point-
to-point resolutions up to 12 pm. The same software was used to
complete the linear and angular measurements of the palatal rugae
and linear, area and volume measurements of palatal dimensions.

Rugal and palatal measurements

The anterior, middle, and posterior rugae were numbered 1, 2, and
3, respectively, and the right and left sides identified as R and L. The
most medial (m: mR1/mL1, mR2/mL2, mR3/mL3) and most lateral
(l: IR1/IL1, IR2/LL2, IR3/IL3) points of the first three rugae were dig-
itized, in addition to the most posterior point of the incisive papilla
(IP) (Figure 1A). Three planes were constructed: median palatal
plane (MPP) through the raphe, gingival plane (GP) fitting through
the palatal gingival midpoints of all maxillary teeth, and distal plane
(DP) through the distal surface of the first molars and perpendicular
to the gingival plane (Figure 1B). Transverse, antero-posterior and
angular rugae measures (Table 1; Figure 1C-E) and measurements of
palatal dimensions (Table 2; Figure 2) were then computed.

Statistical analysis

Paired #-tests were used to evaluate differences among palatal and
rugal dimensions before and after RME treatment, and compare
right and left as well as medial and lateral changes. Pearson product—
moment correlations were employed to gauge the linear correlations
among changes in palatal rugae and palatal dimensions.

To assess intra-observer reliability, all measurements were
repeated on 10 randomly selected pre and post expansion casts at
least 14 days after the initial assessment. The repeated measures
were evaluated with the two-way mixed effects intra-class correla-
tions for absolute agreement on single measures. Measurements on
10 randomly selected pre- and post-expansion maxillary casts were

Figure 1. (A) Linear palatal measurements. (B) Identification of the most
mesial (mR1, mR2, mR3) and lateral (IR1, IR2, IR3) rugae points. (C) Rugae
length measurements. (D) Projections of rugae points on midpalatal plane.
(E) Angular measurements.
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Table 1. Palatal rugae measurements

Abbreviation

Definition

Transverse measures
R1; R2; R3
L1; L2; L3
m(R1/R2/R3)-MMP
m(L1/L2/L3)-MMP
I(R1/R2/R3)-MMP
[(L1/L2/L3)-MMP
Tm1; Tm2; Tm3
TI1; TI2; TI3

Antero-posterior measures
m(R1/R2/R3)-IP
m(L1/L2/L3)-IP
I(R1/R2/R3)-IP
I(L1/L2/L3)-IP

Lengths of first, second and third rugae on the right from medial to lateral points
Lengths of first, second and third rugae on the left from medial to lateral points
Perpendicular distances between medial points of right-side rugae and MPP
Perpendicular distances between medial points of left-side rugae and MPP
Perpendicular distances between lateral points of right-side rugae and MPP
Perpendicular distances between lateral points of left-side rugae and MPP
Transverse distances between opposing medial rugae points

Transverse distances between opposing lateral rugae points

Perpendicular AP distances between medial points of right-side rugae and IP
Perpendicular AP distances between medial points of left-side rugae and IP
Perpendicular AP distances between lateral points of right-side rugae and IP
Perpendicular AP distances between lateral points of left-side rugae and IP

APmR-12; APmR-23
APmL-12; APmL-23
APIR-12; APIR-23
APIL-12; APIL-23
Angular measures
Ang(R1/R2/R3)-MMP
Ang(L1/L2/L3)-MMP

AP distances between medial points of (first and second) and (second and third) right-side rugae
AP distances between medial points of (first and second) and (second and third) left-side rugae
AP distances between lateral points of (first and second) and (second and third) right-side rugae
AP distances between lateral points of (first and second) and (second and third) left-side rugae

Angles formed by MPP and line joining medial and lateral points of right-side rugae
Angles formed by MPP and line joining medial and lateral points of left-side rugae

RDA-out Outer rugae divergence angle; formed between IR3-IP-1L3
RDA-in Inner rugae divergence angle; formed between mR3-IP-mL3

Tllustrations of selected measurements are displayed in Figure 1. All measurements recorded in (mm). AP, antero-posterior; MPP, median palatal plane; IP, most

distal point on incisive papilla.

Table 2. Measurements of palatal dimensions

Measurement Definition

PW-C; PW-PM; PW-M  Palatal widths: distances between mid-points of gingival margins of right and left canines, premolars and first molars
PD-C; PD-PM; PD-M Palatal depths: perpendicular vertical distances between GP and opposing point on MPP, measured at level of mid-points of

gingival margins of canines, first premolars and molars
ICD; IPMD; IMD; 11D Interdental distances measured between right and left cusps of canines (inter-canine, ICD), first premolars (inter-premolar,
IPMD) and first molars (inter-molar, IMD); and between the mesial surfaces of the central incisors (inter-incisal)

PL Palatal length: perpendicular distance between IP and DP
PSA Palatal surface area: measured between GP and DP
PV Palatal volume: volumetric measurement of area between GP and DP

Illustrations of selected measurements are displayed in Figure 2. All measurements recorded in (mm) except PSA (mm?) and PV (mm?).

DP, distal plane; GP, gingival plane; IP, most posterior point on the incisive papilla; MPP, mid-palatal plane.

repeated by another investigator (R.H.) to determine inter-rater
reliability.

Data were processed through the Statistical Package for Social
Sciences (SPSS®, version 20.0, IBM®). Statistical significance was set
at 0.0S.

Results

On average, 18 + 5.95 expansion turns (range: 14-29) were required
to resolve and overcorrect the posterior crossbite, resulting in a mean
expansion of 3.6 = 1.17 mm (18 turns x 0.2 mm/turn) at the level
of the RME screw (2.8-5.8 mm). The intraclass correlations ranged
between 0.875 and 0.957 for intra and inter-rater reliability, demon-
strating high correspondence.

Palatal dimensions
All measures of palatal dimensions showed statistically sig-
nificant increases following RME treatment (P < 0.001;

Supplementary Table 1). Mean increases were greater in intermolar
(3.87 + 1.57 mm), and interpremolar (3.83 = 1.62 mm) widths than
intercanine distance (2.22 = 1.18 mm). Palatal width at the level of
the gingival margins exhibited the same pattern (PW-M: 3.47 = 1.51;
PW-PM: 3.33 = 1.44; PW-C: 2.24 = 1.49). The mean RME-generated
midline diastema was 1.73 = 1.32 mm. Although the increases in
palatal depth were statistically significant, mean changes were of
small magnitude at all levels of measurement (PD-C: 0.40 = 3.19;
PD-M: 0.67 = 1.82; PD-PM: 0.86 = 0 .77). Similarly, palatal length
increased a mean value of only 0.85 = 0.68 mm. Palatal surface area
and palatal volume underwent statistically significant increases of
150.23 = 53.07 mm? (11.26%) and 786.43 = 429.73 mm® (11.17%),
respectively, (P < 0.001).

Palatal rugae measures

Statistically significant changes were observed for palatal rugae
in all measured dimensions (transverse Table 3), antero-posterior
and angular (Table 4 P < 0.001). Mean changes in the length of
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individual rugae were approximately 1 = 0.6 mm, the first left rugae
displaying the least (0.83 = 0.47 mm) and the left third rugae show-
ing the greatest (1.02 = 0.55 mm) changes. While only the first rugae
exhibited a statistically significant difference (P = 0.011) between
right (9.45 = 1.27) and left (9.95 = 1.09) sides, none of the pre- to
post-treatment changes among pairs of rugae were statistically sig-
nificantly different.

Figure 2. (A) Construction of gingival, distal, and midpalatal planes. (B)
lllustrations of palatal depth measurements from GP to perpendicular
opposing point on MPP at three levels: canine, first premolar, and molar. (C)
Software measurements of palatal surface area. (D) Software measurements
of palatal volume.

Transversally, the smallest mean change was noted for the dis-
tance between the first and third rugae pairs at their medial points
(1.08 = 0.92 and 1.01 = 0.59 mm, respectively); the largest mean
changes were measured at the level of the second and the third lat-
eral rugae points (2.37 = 1.48 and 2.08 = 1.41 mm, respectively).
When these components were measured as projections to the
palatal plane, the lateral points were displaced a greater distance
(0.97 + 0.68 to 1.35 = 1.14 mm) than the medial points (0.46 = 0.38
to 1.07 = 1.03 mm).

The same pattern was noted for the antero-posterior changes
from rugae to the posterior border of the incisive papilla: smaller
from the medial points (0.37 = 0.24 to 0.82 = 0.74 mm) than the
lateral points (0.78 = 0.66 to 1.13 = 0.92 mm; Table 4). The antero-
posterior changes were all statistically significant (P < 0.001) but
in general smaller in magnitude than the transverse measurements.
The increase in antero-posterior distances between opposing rugae
ranged from 0.50 = 0.52 to 0.61 = 0.94 mm at the medial ends and
between 0.50 = 0.59 and 0.89 = 1.53 mm at the lateral ends.

Mean angular rugae changes were generally greater than linear
changes and displayed more variability. Outer and inner rugae diver-
gence angles increased by 5.62 = 7.15° and 4.54 = 4.21°, respec-
tively. Mean changes in rugae angulations to MPP were between
6.90 = 3.72° and 12.81 = 8.61°, the largest affecting the third rugae
on either side (Table 4).

Overall, most changes involving the lateral rugae points were sta-
tistically significantly greater than those of the corresponding medial
points (Table 5). In this medio-lateral scheme, statistical significance
was noted for the offsets of the first right and left rugae and the sec-
ond left rugae (P < 0.007); the transverse distances between oppos-
ing rugae points for the three rugae (P < 0.004); and the distances to

Table 3. Immediate changes in transverse palatal rugae measurements following rapid maxillary expansion (n = 30)

Pre-expansion (T1)

Post-expansion (T2)

Change (T2-T1)

Mean (SD) P value

Mean (SD) Mean (SD)
R1 9.45 (1.27) 10.40 (1.71) 0.95(0.79) <0.001*
R2 9.63 (1.59) 10.59 (1.78) 0.94 (0.55) <0.001*
R3 9.68 (2.02) 10.63 (2.14) 0.94 (0.60) <0.001*
L1 9.95 (1.09) 10.77 (1.34) 0.83 (0.47) <0.001*
L2 9.56 (2.02) 10.45 (2.18) 0.90 (0.67) <0.001*
L3 10.01 (2.22) 11.03 (2.41) 1.02 (0.55) <0.001*
mR1-MMP 0.83 (0.595) 1.28 (0.63) 0.46 (0.38) <0.001*
mR2-MMP 1.97 (1.79) 3.04 (1.96) 1.07 (1.03) <0.001*
mR3-MMP 2.25(1.75) 3.26 (1.92) 1.02 (1.19) <0.001*
mL1-MMP 1.04 (0.59) 1.55(0.74) 0.51 (0.47) <0.001*
mL2-MMP 2.57 (1.75) 3.38 (2.09) 0.81 (0.72) <0.001*
mL3-MMP 2.77 (1.88) 3.65(1.98) 0.80 (0.68) <0.001*
IR1-MMP 10.12 (1.54) 11.50 (1.68) 1.39 (0.96) <0.001*
IR2-MMP 11.72 (1.67) 13.07 (2.05) 1.35 (1.14) <0.001*
IR3-MMP 10.45 (3.57) 11.78 (3.58) 1.33 (1.19) <0.001*
IL1-MMP 10.31 (1.38) 11.27 (1.48) 0.97 (0.68) <0.001*
IL2-MMP 11.59 (2.25) 13.07 (2.17) 1.48 (1.14) <0.001*
IL3-MMP 11.44 (3.28) 12.87 (3.46) 1.43 (1.35) <0.001*
Tm1 2.55(1.15) 3.64 (1.41) 1.08 (0.92) <0.001*
Tm2 5.27(2.52) 6.72 (3.11) 1.46 (1.07) <0.001*
Tm3 6.63 (2.70) 7.63(2.82) 1.01 (0.59) <0.001*
T 19.36 (1.80) 21.08 (2.28) 1.72 (1.77) <0.001*
T2 20.23 (2.15) 22.60 (2.61) 2.37 (1.48) <0.001*
TI3 20.15 (2.24) 22.22 (2.71) 2.08 (1.41) <0.001*

All measurements recorded in (mm). Measurement definitions detailed in Table 1.

*Statistically significant at P < 0.01.
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Table 4. Immediate changes in antero-posterior and angular palatal rugae measurements following rapid maxillary expansion (n = 30)

Pre-expansion (T1)

Post-expansion (T2)

Change (T2-T1)

Mean (SD) Mean (SD) Mean (SD) P value
mR1-IP 2.74 (1.80) 3.38 (2.01) 0.64 (0.75) <0.001*
mR2-IP 6.03 (2.75) 6.45 (2.72) 0.42 (0.40) <0.001*
mR3-IP 9.98 (2.89) 10.35 (2.90) 0.37 (0.24) <0.001*
mL1-IP 4.11 (2.12) 4.56 (2.09) 0.45(0.25) <0.001*
mL2-IP 7.41 (2.17) 7.91 (2.20) 0.49 (0.30) <0.001%
mL3-IP 11.45 (2.76) 12.26 (2.68) 0.82 (0.74) <0.001*
IR1-IP 2.59 (2.29) 3.37 (2.20) 0.78 (0.66) <0.001*
IR2-IP 7.16 (2.76) 8.08 (3.03) 0.92 (0.61) <0.001%
IR3-IP 11.92 (3.10) 13.05 (3.16) 1.13 (0.92) <0.001*
IL1-IP 2.04 (1.88) 2.88 (1.91) 0.85(0.73) <0.001*
IL2-IP 6.26 (2.95) 7.20 (2.94) 0.94 (0.55) <0.001*
IL3-IP 10.29 (3.45) 11.07 (3.58) 0.87 (0.72) <0.001*
APmR-12 3.65 (1.45) 4.15 (1.24) 0.50 (0.52) <0.001*
APmR-23 4.44 (2.10) 5.05 (2.34) 0.61 (0.94) <0.001*
APmL-12 3.97 (1.39) 4.55 (1.11) 0.58 (0.57) <0.001*
APmL-23 4.93 (1.47) 5.49 (1.71) 0.56 (0.45) <0.001*
APIR-12 4.89 (2.08) 5.39 (2.08) 0.50 (0.59) <0.001*
APIR-23 5.52(2.45) 6.29 (2.54) 0.78 (1.25) 0.002*
APIL-12 4.23 (2.12) 4.96 (2.28) 0.73 (0.94) <0.001*
APIL-23 4.41 (2.33) 5.29 (2.61) 0.89 (1.53) 0.003*
RDA-out 82.06 (19.63) 87.68 (21.23) 5.62 (7.15) <0.001*
RDA-in 27.82 (13.45) 32.36 (13.29) 4.54 (4.21) <0.001%
AngR1-MMP 72.91 (19.02) 79.80 (21.32) 6.90 (8.54) <0.001*
AngR2-MMP 91.44 (26.23) 98.33 (26.37) 6.90 (3.72) <0.001*
AngR3-MMP 103.15 (22.74) 115.96 (20.06) 12.81 (8.61) <0.001*
AngL1-MMP 57.16 (18.32) 65.09 (18.94) 7.93 (5.44) <0.001*
Angl.2-MMP 75.74 (23.66) 83.16 (22.57) 7.41 (5.97) <0.001*
AngL.3-MMP 80.55 (24.77) 88.67 (23.41) 8.13 (5.92) <0.001*

All measurements recorded in (mm). Measurement definitions detailed in Table 1.

*Statistically significant at P < 0.01

Table 5. Differences between medial and lateral changes (T2-T1)
in palatal rugae (n = 30)

Medial Lateral

Mean (SD) Mean (SD) P value
(m/)R1-MMP 0.46 (0.38) 1.39 (0.96) <0.001*
(m/l)R2-MMP 1.07 (1.03) 1.35 (1.14) 0.186
(m/l)R3-MMP 1.02 (1.19) 1.33 (1.189) 0.174
(m/l)L1-MMP 0.51 (0.47) 0.97 (0.68) 0.001*
(m/l)L2-MMP 0.81 (0.72) 1.48 (1.14) 0.007*
(m/1)L3-MMP 0.88 (0.68) 1.43 (1.35) 0.051
T(m/)1 1.08 (0.92) 1.72 (1.18) 0.002*
T(m/1)2 1.46 (1.07) 2.37 (1.48) 0.004*
T(m/)3 1.01 (0.59) 2.08 (1.41) <0.001*
(m/l)R1-IP 0.64 (0.75) 0.78 (0.66) 0.419
(m/l)R2-IP 0.42 (0.40) 0.92 (0.61) <0.001*
(m/l)R3-IP 0.35 (0.24) 1.13 (0.92) <0.001*
(m/l)L1-IP 0.45 (0.25) 0.85 (0.73) 0.003*
(m/1)L2-IP 0.49 (0.30) 0.94 (0.55) <0.001*
(m/l)L3-P 0.82 (0.74) 0.78 (0.72) 0.841
AP(m/l)R-12 0.50 (0.52) 0.50 (0.59) 0.989
AP(m/I)R-23 0.61 (0.94) 0.78 (1.25) 0.470
AP(m/l)L-12 0.58 (0.57) 0.73 (0.94) 0.457
AP(m/1)L-23 0.56 (0.45) 0.89 (1.53) 0.286

All measurements recorded in (mm).
*Statistically significant at P <0.01.

IP for the second and third right rugae and for the second left rugae
(P < 0.001).

Correlations

Overall, transverse palatal rugae changes showed the highest cor-
relations, and angular rugae changes the lowest correlations with
changes in palatal dimensions (Table 6). The change in palatal width
at the level of the molars and premolars, and the dental changes in
intermolar, interpremolar, and interincisal distances were all closely
correlated with the transverse separation between the lateral points
of all rugae (TI1, T12, and T13; 7 = 0.51-0.71, P < 0.01) and with the
transverse separation of the medial points of the first rugae (Tm1;
7= 0.44-0.67, P < 0.05). Change in palatal width at the level of the
canines correlated significantly with the change in length in half of
the assessed rugae (R1, L1, L2; » = 0.40-0.45, P < 0.05). Palatal
volume increases were significantly correlated with TI3 (r = 0.37,
P <0.05).

Discussion

Palatal dimensions

The mean expansion at the level of the molars (3.87 mm,
Supplementary Table 1) was smaller than the values (5.5-9.5 mm)
reported in other studies (25-27), possibly because of differences in
initial crossbite severity and in the periods of post RME evaluation
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Table 6. Correlations among changes in selected transverse dimensions of rugae and palate (n = 30)
PW-M PW-PM PW-C IMD IPMD ICD 11D PL PSA PV

R1 0.31 0.46* 0.40* 0.18 0.25 0.13 0.26 -0.33 0.13 0.20
R2 0.32 0.22 0.11 0.18 0.26 0.00 -0.09 -0.02 0.00 -0.23
R3 0.21 0.25 0.37 0.19 0.29 0.05 0.49" -0.06 0.05 0.02
L1 0.14 0.32 0.45* 0.40* 0.33 0.25 0.42* -0.25 0.25 0.09
L2 0.28 0.25 0.45% 0.20 0.28 0.09 0.34 0.04 0.09 0.23
L3 0.24 0.28 0.11 -0.06 0.05 0.37* 0.11 0.12 0.37* 0.25
Tml 0.59" 0.67"" 0.44* 0.44* 0.69" -0.12 0.53" -0.25 -0.12 0.21
Tm2 0.02 0.25 0.34 -0.05 0.10 0.33 0.14 -0.10 0.33 0.19
Tm3 0.29 0.21 0.28 -0.01 0.27 -0.02 0.05 0.42* -0.02 0.30
Tl 0.63" 0.71"" 0.44* 0.58"" 0.64" 0.24 0.51" -0.20 0.24 0.35
T2 0.67"" 0.69"" 0.37 0.52" 0.69" 0.20 0.58" -0.21 0.20 0.29
TI3 0.70™" 0.68"" 0.44* 0.53" 0.63" 0.22 0.61" -0.21 0.22 0.37*

Correlation coefficients are Pearson product—-moment correlation coefficients (r).

*Statistically significant at P < 0.05; **Statistically significant at P < 0.01.

among studies. Our finding was consistent with the pooled mean
(4.09 mm) computed in a recent meta-analysis of 14 studies (2).

The amount of expansion at the molar and premolar levels was
similar, reflecting the expected near parallel expansion of these
teeth. The difference between occlusal and gingival expansion was
greatest at the premolar level and negligible at the canine level,
suggesting that the premolar undergoes the largest tipping com-
ponent. This differential expansion rate is not surprising, as the
premolars and molars are joined to the expansion apparatus and
move parallel to the lateral sides of the expanding screw. Such
movement may seem contradictory to the larger split of the suture
anteriorly. However, the premolar/molar tipping occurs more
freely within the alveolus, while the palatal split encounters more
resistance from the buttressing bones in the posterior part of the
maxilla compared to the anterior part of this jaw, thus the typical
V shape opening of the suture, wider anteriorly than posteriorly.
(28, 29).

The increased average width of the premolars (3.83 mm) and
molars (3.87 mm) was nearly 100% of the total screw expansion
(3.6 mm). In contrast, the average intercanine distance (2.2 mm)
exhibited about 60% of the screw expansion. Most of the increase in
intercanine distance could be related to the bony split. The changes
at the premolars and molars could be associated with a combination
of alveolar expansion and bony split, which is known to be smaller
than that of the canines (29). Accordingly, assuming that the bony
split at the level of the canines is nearly 2.2 mm and the dental wid-
ening at the molars is about 3.8 mm, the amount of bony split at
the level of the posterior teeth would be nearly 1.6 mm (3.8 minus
2.2 mm), about 44% of the screw expansion. A similar finding was
reported by previous authors (26).

The clinically insignificant (0.16-0.72 mm), but statistically
significant increases in palatal depth observed in our patients are
in line with other studies (6, 8), and contradict reports of palatal
flattening, or lowering of the roof of the palatal vault (28) after
RME. The increase in palatal volume immediately after RME in our
study (nearly 11.3%) is comparable with reported changes in other
investigations but at a later period post-expansion (6-12 months) (6,
8-11). This comparison suggests that the increase in volume tends
to be a lasting change. Moreover, the increase in palatal volume
was parallel with that of the palatal surface (11.2%) and may be
ascribed mostly to the increase in transverse dimensions of the pal-
ate (Supplementary Table 1), since comparatively little changes were
noted in palatal depth and length.

Rugal response

A characteristic contribution of this study was its conduct imme-
diately after cessation of active expansion. All rugae altered in all
dimensions in both linear and angular measurements, almost equally
on right and left sides, albeit the average linear changes were about
1 mm. Key findings of clinical significance were:

1. Transformations at the medial rugae points were less clinically
significant (0.34-0.74 mm) than at the lateral points (0.81-
1.45 mm). The alteration of rugal dimensions reported following
conventional (non-RME) orthodontic treatment, also showed
that the medial rugae points are the least affected (30, 31).

2. In six out of nine pairs of transverse palatal rugae measurements,
lateral changes were statistically significantly larger than corre-
sponding medial changes, reflecting the underlying geometric bony
modifications.

3. The lateral alterations were the most significantly correlated with
the dental changes.

4. While previous studies suggest a similar trend of greater effects
on lateral than on medial rugae points (23, 24), our investigation
represented the first direct comparison of corresponding medial
and lateral measurements showing a statistically significant dif-
ference.

All rugae exhibited consistent increases in length. The lengths of
the first rugae in particular showed significant correlations with
the change in intercanine distance but not interpremolar or inter-
molar distances (Table 6), presumably because of closer proximity
of the first rugae with the canines. The largest increase in length of
the third rugae probably related to the wider dentoalveolar expan-
sion of the posterior teeth, since they are closest to these teeth
anatomically.

Correlations between the second and third rugae lengths with
intermolar and/or interpremolar depths were not significant, likely
the result of the pyramidal nature of the separation between the
two maxillary halves, being wider anteriorly than posteriorly (26,
32, 33). This finding is further corroborated by the pattern of sepa-
ration of the medial rugae ends, which showed, unlike the cor-
responding lateral points, significant correlations with inter-molar,
-premolar, and -canine changes only for the first palatal rugae. The
alteration of rugal dimensions has been reported following con-
ventional (non-RME) orthodontic treatment, also showing that the
medial rugae points are the least affected (30, 31).
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Correlations at the level of the second and third rugae are less
demonstrable, likely because the greatest movement occurs ante-
riorly, but the dimensional changes incurred by all three rugae in
length and in positional offsets relative to the MPP clearly follow the
direction of movement by the teeth (lateral movement).

In contrast to earlier research (23), all antero-posterior displace-
ments in our study were statistically significant, albeit the mean changes
were less clinically significant than those observed transversally.

Research and clinical considerations

The results of this study must be interpreted with caution because of the
heterogeneity of the sample in terms of age, gender, and growth poten-
tial, especially in light of the absence of a control group. Longitudinal
studies of untreated growing children have demonstrated increases in
palatal volume and surface, in intermolar distance, and in transverse,
antero-posterior and angular measures of the rugae (34-36). Although
we cannot deny the possibility of minor growth changes, the short
observation period (less than one month for all patients) is sufficient
justification to assume almost negligible growth effects.

The antero-posterior changes observed in our sample, although
statistically significant and support previous results (24), were all equal
to 0.82 mm or less, questioning their clinical significance. Further long-
term research would be needed regarding the fate of rugal changes
and their adaptation after RME. Available longer-term studies indi-
cate more permanent alteration of the rugal structures. Accordingly,
their use as a reference to study tooth movement during normal dental
development and during orthodontic treatment (15) may only apply
before any alteration or after stabilization of the RME effects.

In addition, natural rugal development may actually limit
this usage to limited periods of time at least in growing children.
Moorrees et al. (37) gauged normal dental development through a
palatal plug containing the impression of the rugae that would be
carried from annual casts. In their longitudinal assessments, they
needed to change the plug after a number of years to carry the new
one for another set of years, indicating the slow but demonstrable
growth changes of the rugae themselves, which could reflect the
changes in arch width.

Conclusions

1. The soft tissue of the palatal rugae stretches in adaptation to
hard tissue movement, resulting in anatomical changes in the
rugae mostly in the transverse dimension, in accordance with the
direction of tooth movement.

2. Rugal changes reflect the underlying variable dentoalveolar and
basal bony movements. However, except for the first rugae that
had higher correlations to the intercanine width, the correspond-
ence of changes within rugal bands seems to be asymmetric, thus
not precisely predictable. This finding may reflect the constitu-
tional asymmetric pattern or nature of pairs of rugae.

3. The observed alterations in the rugal bands, particularly the
transverse changes, demonstrate the loss of their potential in
serial superimpositions to evaluate dental movement within the
maxillary arch following RME therapy.

Supplementary material

Supplementary material is available at Ewropean Journal of
Orthodontics online.
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