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Abstract
Objectives To demonstrate that patients without posterior crossbite (PCB) but with maxillary transverse deficiency, not
previously observed due to an increased curve of Wilson, can benefit from the same palatal expansion as patients with
PCB, after correction of the buccal inclination.
Materials andmethods A total of 41 patients presenting a maxillary skeletal transverse deficiency were treated: 26 without
PCB and 15 with PCB. In the non-PCB group, quad-helix compression was followed by a Hyrax expander (QH+HY),
whereas the PCB group only underwent Hyrax expander treatment (HY). The maxillary intercanine, interpremolar, inter-
molar widths (cusp tips and gingival level) and molar inclination were measured at baseline and at the end of treatment in
both groups.
Results No significant differences were found between groups at the end of treatment, and no PCBs remained. The same
maxillary expansion was achieved in the QH+HY and HY groups in the region of the canines, at both the gingival (3.4
± 2.0 vs. 3.4 ± 2.7 mm; P= 0.999) and cusp tip levels (4.5 ± 3.1 vs. 3.8 ± 2.2 mm; P= 0.981). The molar inclination in the
QH+HY group decreased, while there was a slight increase in the HY group (–6.50° ± 5.34° vs. 2.3° ± 4.1°; P< 0.001).
Conclusions Some patients with maxillary transverse deficiency do not present with PCB, due to an increased curve of
Wilson. However, these patients require skeletal expansion similar to that of patients with a bilateral PCB. The curve of
Wilson should be flattened prior to expansion in order to increase the amount of maxillary skeletal expansion.

Keywords Rapid maxillary expansion · Dentoalveolar compensation · Maxillary expansion · Posterior crossbite · Hyrax

Quad-Helix-Kompression zur Dekompensation der Molarenneigung vor der skelettalen Expansion

Zusammenfassung
Ziele Es sollte gezeigt werden, dass Patienten ohne posterioren Kreuzbiss (PCB), aber mit einem transversalen Defizit
im Oberkiefer, welches zuvor aufgrund einer verstärkten Wilson-Kurve kaschiert wurde, nach Korrektur der bukkalen
Molarenneigung von der gleichen Gaumennahterweiterung profitieren können wie Patienten mit PCB.
Material und Methoden Insgesamt wurden 41 Patienten mit einem transversalen Defizit behandelt: 26 ohne PCB und 15
mit PCB. In der Nicht-PCB-Gruppe folgte auf die Quad-Helix-Kompression eine Behandlung mit dem Hyrax-Expander
(QH+HY), während in der PCB-Gruppe nur die Hyrax-Expanderbehandlung (HY) durchgeführt wurde. Die oberen in-
terkaninen, interprämolaren und intermolaren Breiten (Höckerspitzen und Zahnfleischniveau) sowie die Molarenneigung
wurden in beiden Gruppen zu Beginn und am Ende der Behandlung gemessen.
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Ergebnisse Am Ende der Behandlung wurden keine signifikanten Unterschiede zwischen den Gruppen festgestellt, und
es gab keine PCBs mehr. In den Gruppen QH+HY und HY wurde im Bereich der Eckzähne sowohl auf Höhe der Gingiva
(3,4 ± 2,0 vs. 3,4 ± 2,7 mm; p= 0,999) als auch auf der der Höckerspitze (4,5 ± 3,1 vs. 3,8 ± 2,2 mm; p= 0,981) die
gleiche maxilläre Expansion erreicht. Die Molarenneigung in der QH+HY-Gruppe nahm ab, während in der HY-Gruppe
ein leichter Anstieg zu beobachten war (–6,50° ± 5,34° vs. 2,3° ± 4,1°; p< 0,001).
Schlussfolgerungen Einige Patienten mit transversalem Defizit im Oberkiefer weisen aufgrund einer verstärkten Wil-
son-Kurve keine PCB auf. Diese Patienten benötigen jedoch eine skelettale Erweiterung, die derjenigen von Patienten
mit beidseitiger PCB ähnelt. Die Wilson-Kurve sollte vor Expansion abgeflacht werden, um das Ausmaß der skelettalen
Expansion im Oberkiefer zu erhöhen.

Schlüsselwörter Schnelle Gaumennahterweiterung · Dentoalveoläre Kompensation · Maxilläre Expansion · Posteriorer
Kreuzbiss · Hyrax

Introduction

Maxillary skeletal transverse deficiencies can create clini-
cal, aesthetic and functional problems in both the maxilla
and mandible. The most common manifestation is posterior
crossbite (PCB) [1–3].

When an underlying skeletal deficiency is diagnosed and
PCB is present, rapid maxillary expansion (RME) is often
the treatment of choice [4, 5]. One of the most common
appliances used is the four-band appliance (molars and pre-
molars) with a midline screw (Hyrax). A large amount of
the transverse movement is largely due to orthodontic tip-
ping (49%) accompanied by opening of the suture (38%)
and alveolar bending (13%) [4].

Nevertheless, patients with maxillary transverse defi-
ciency can also present without PCB. In these cases, trans-
verse deficiency is masked by dentoalveolar compensation
of the molars as a result of buccal tipping (increased curve
of Wilson across the maxillary molars), so that they are
often seen as not requiring expansion. However, in patients
with underlying skeletal transverse deficiency masked by
increased molar inclination, RME is often still required [6].
If Hyrax treatment is performed without previous molar
decompensation, iatrogenic effects such as molar tipping
may develop, moving molars though the buccal plate of
the maxilla or increasing the risk of causing a scissor bite
(Fig. 1; [6, 7]).

The advantage of correcting molar inclination prior to ex-
pansion is that the molars are in the correct position within
the dentoalveolar base. A modified quad-helix device al-
lows up-righting the molars using a cross constriction force
limited to only the first permanent maxillary molars [8, 9].

The main objective of the present study was to demon-
strate that quad-helix compression (QH) followed by the
application of a Hyrax expander (HY) in patients with max-
illary skeletal transverse deficiency but not PCB, due to an
increased curve of Wilson, could result in a final maxil-
lary width and molar inclination similar to that achieved in
patients with PCB treated with only a HY.

Materials andmethods

This was an observational prospective study. Consecu-
tive patients presenting a maxillary skeletal transverse
deficiency in an initial orthodontic evaluation performed
between 2009 and 2011 were included and followed until
2016. The patients were divided into two groups: (1) the
presence of bilateral PCB, corrected with a HY or (2) the
absence of PCB, treated with decompensation of the molars
via quad-helix compression followed HY (QH+HY). The
selection criteria are shown in Table 1. The protocol was
approved by the Clinical Research Ethics Committee of
Aragón (Spain) and was conducted in accordance with the
Declaration of Helsinki. All the patients included provided
informed consent to participate in the study.

Patients in the HY group underwent a treatment protocol
with a four-band HY (Hyrax® Dentaurum, Ispringen, Ger-
many). Activation was begun at the first day of treatment,
followed by 1 activation once a day (0.20mm). Patients
were followed up twice a month for 3 months [10]. After
achieving the required expansion, the HY was left in situ
for 3–6 months.

In the QH+HY group, a removable modified quad-helix
was used (MIA Mobile Intraoral Arch System, 3M Unitek,
Neuss, Germany). The long arms contacting premolars were
removed and the remaining quad-helix was compressed un-
til the posterior helices were touching. The anterior region
of the quad-helix was heated, and the quad-helix retained
its new compressed form. Compression force was created
by inserting the loops into the palatal tubes. Assessment
was carried out every 2 weeks until correct inclination of
the molars was achieved, and a PCB was created. Treatment
was continued for these patients using the same protocol as
for the HY group (Fig. 2).

Sociodemographic data were recorded, and measure-
ments were taken from pre- (T1) and posttreatment (T2)
plaster models of the maxillary dentition (Fig. 3):
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Fig. 1 a Initial occlusion of a patient from the QH+HY (quad-helix
compression followed by a Hyrax expander) group, in which the max-
illary skeletal transverse deficiency is camouflaged by the increased
curve of Wilson of the molars. b If the inclination of molars had not
been decompensated and directly treated the transverse deficiency with
a Hyrax expander, the amount of expansion would have been limited.
c If skeletal transversal deficiency had been completely corrected by
expansion, a scissor bite would have been created. d If molar inclina-
tion had been decreased in these patients with quad-helix compression,
according to the skeletal transversal deficiency, a crossbite would have
been created. e If a previous decompensation is achieved, the total of
the skeletal transversal deficiency can be corrected with a correct final
transversal relationship
Abb. 1 a Initialokklusion eines Patienten der QH+HY-Gruppe (Quad-
Helix-Kompression gefolgt von einem Hyrax-Expander), wo das trans-
versale Defizit durch eine verstärkte Wilson-Kurve im Molarenbereich
maskiert wird. b Wäre die Neigung der Molaren nicht dekompensiert
und das transversale Defizitdirekt mit einem Hyrax-Expander behan-
delt worden, wäre der Umfang der skelettalen Expansion begrenzt ge-
wesen. c Wäre das skelettale transversale Defizit durch Expansion voll-
ständig korrigiert worden, wäre ein Scherenbiss entstanden. d Wäre
bei diesen Patienten mit Quad-Helix-Kompression entsprechend dem
skelettalen Transversalmangel die molare Neigung verringert worden,
wäre ein Kreuzbiss entstanden. e Durch eine vorherige dentale Dekom-
pensation kann das gesamte skelettale Defizit mit einer korrekten end-
gültigen Transversalbeziehung korrigiert werden

Table 1 Sample selection criteria
Tab. 1 Auswahlkriterien für Stichproben

Inclusion criteria for
HY group

Bilateral PCB in CR

Clinical evidence of maxillary transverse
deficiency (constricted dental arch form or
skeletal maxillary width assessment)

Inclusion criteria for
QH+HY group

No PCB in CR

Clinical evidence of maxillary transverse
deficiency at canine level (triangular arch
form or skeletal maxillary width assess-
ment)

Dental cast assessment confirming molars
tipped buccally ≥10° in each molar

Exclusion criteria for
HY and QH+HY
group

Patients under 6.5 years of age or over 15.5
years of age

Presence of mandibular transverse defi-
ciency or overexpansion

Presence of excessive mandibular den-
toalveolar compensations

Fusion of the midline suture

Unilateral PCB

Scissor bite

Severe skeletal discrepancy malocclusion in
the sagittal plane

Transverse discrepancy with a cleft

CR centric relation, HY Hyrax, QH+HY quad-helix+Hyrax, PCB pos-
terior crossbite

� Arch widths: measured at the mid-point of the gingival
margin of each tooth and from the mesiobuccal cusp on
each tooth. The measurements were taken using a two-
point compass, and the distance was recorded in millime-
ters (mm) (Fig. 3a).

� Molar inclination: taken from the occlusal plane set at
0 degrees (°). A flat plane was placed on cusp tips across
the whole arch. The dental surveyor (050310 Mestra,
Talleres Mestraitua S.L., Bilbao, Spain) was adjusted un-
til 0° was shown on a digital protractor (mini digital 1.600
LCD 360-Degree Protractor Inclinometer Angle Meter
(Z-036, ZnDiy de BRY)). This position was locked on
the dental surveyor. A new plane was constructed involv-
ing only the molar mesiobuccal and mesiopalatal cusp
tips. The digital protractor was then placed on the molar
plane and the digital reading recorded (Fig. 3b).

One operator (C.L.) performed all the measurements.

Sample size

Sample size calculation was performed according to the
outcome “changes in arch widths”. Previous studies have
shown that expansion after applying a conventional ex-
pander treatment is around 2.5mm (standard deviation [SD]
4.5mm) [11]. Accepting an alpha risk of 5% and a beta risk
of 10% in a two-sided test, it was calculated that a total of
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Fig. 2 Treatment sequence of quad-helix compression followed by Hyrax expansion. a Quad-helix compression in situ. b Completed molar
correction. c Hyrax expander in situ preexpansion. d Hyrax expander in situ postexpansion
Abb. 2 Behandlungssequenz der Quad-Helix-Kompression gefolgt von der Hyrax-Expansion. a Quad-Helix-Kompression in situ. b Abgeschlos-
sene Molarenkorrektur. c Hyrax-Expander in situ vor der Expansion. d Hyrax-Expander in situ nach der Expansion

Fig. 3 Points of reference of maxillary widths and molar inclination on plaster models: a intercanine (a and d), interpremolar (b and e), and
intermolar (c and f) maxillary widths at the gingival level and at the cusp tip level, respectively. b Angle (α) measurement for the molar inclination
(curve of Wilson)
Abb. 3 Referenzpunkte für Oberkieferbreite und Molarenneigung auf den Gipsmodellen: a interkanine- (a und d), interprämolare- (b und e) und
intermolare (c und f) Oberkieferbreite auf Gingiva- bzw. auf Höckerspitzenniveau. b Winkelmessung (α) der Molarenneigung (Wilson-Kurve)

41 subjects should be included in this study, considering
a drop-out rate of 15%.

A total of 41 individuals presenting a maxillary skeletal
transverse deficiency were included in the study (15 under-
went HY and 26 QH+HY).

Statistical analysis

Comparisons between groups were performed using the χ2

test to compare categorical variables (Fisher test if expected
frequencies were <5) and the Student’s t-test or analysis of
variance (Mann–Whitney U test if not normal distribution)
for quantitative variables (arch width and molar inclination).

Differences in molar inclination (posttreatment value mi-
nus the pretreatment value) were compared between groups
using the Student’s t-test. Pre- and posttreatment changes
in each study group were evaluated using a paired-samples
Student’s t-test. Finally, adjusted multivariate linear regres-
sion analysis was performed for the main outcome.

Intraoperator reliability was evaluated by duplicating
measurements on 10 plaster casts from T1 and T2 sam-
ples. The intraclass coefficient (ICC) was calculated for
molar inclination measurements and maxillary widths at
two different levels. Analysis was conducted using SPSS
V23 (Chicago, IL, USA).
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Table 2 Intermaxillary widths and molar inclination during follow-up
Tab. 2 Intermaxilläre Breiten und Molarenneigung in der Follow-up-Phase

Variables Pretreatment Posttreatment Differences

HY group
(SD)
(N = 15)

QH+HY
group (SD)
(N = 26)

P valuea HY group
(SD)
(N = 15)

QH+HY
group (SD)
(N = 26)

P valueb HY (SD)
(T2–T1)

QH+HY
(SD)
(T2–T1)

P valuec

Gingival level (mm)

Intercanine
widths

23.0 (2.8) 23.1 (3.3) 0.727 26.4 (2.4) 26.4 (2.0) 0.679 3.4 (2.7) 3.4 (2.0) 0.999

Interpremolar
widths

23.8 (2.4) 22.2 (1.7) 0.032 29.1 (3.9) 28.8 (1.6) 0.841 5.3 (2.2) 6.6 (2.1) 0.049

Intermolar
widths

30.2 (1.1) 32.9 (2.2) 0.002 34.8 (4.3) 34.5 (2.4) 0.602 4.6 (2.0) 1.6 (1.8) <0.001

Cusp tip level (mm)

Intercanine
widths

29.5 (3.1) 29.6 (2.6) 0.905 33.5 (2.9) 34.1 (1.7) 0.809 3.8 (2.2) 4.5 (3.1) 0.981

Interpremolar
widths

36.3 (2.5) 35.4 (2.2) 0.277 42.2 (4.3) 43.5 (1.6) 0.429 5.9 (2.5) 8.0 (2.5) 0.017

Intermolar
widths

44.9 (3.1) 48.0 (2.4) 0.001 51.1 (3.9) 52.2 (1.6) 0.301 6.2 (2.9) 4.2 (1.9) 0.009

Inclination (°)d 10.2 (4.9) 16.4 (3.7) <0.001 12.5 (4.6) 9.9 (3.4) 0.072 2.3 (4.1) –6.5 (5.3) <0.001

T1 pretreatment visit, T2 posttreatment visit, SD standard deviation
aMann–Whitney U test between groups at T1
bMann–Whitney U test between groups at T2
cMann–Whitney U test for differences T2–T1 between groups
dMolar inclination mean using right and left values

Results

The mean age of the patients was 10.9 ± 2.1 years, and
73.2% were female. Twenty-one patients (51.2%) were
managed with orthodontic interceptive treatment as their
transversal malocclusion needed to be solved before their
dentition development was completed.

The two study groups presented a similar age (9.78
± 2.4 years in the HY group and 11.2 ± 1.9 years in the
QH+HY group, P= 0.091) and a similar distribution of gen-
der (P= 0.986). No differences were found in the percent-
ages of orthodontic interceptive treatment between the two
groups (66.7% in the HY and 42.3% in the QH+HY group,
P= 0.131). However, treatment duration was longer in the
QH+HY group (18.3 ± 5.4 vs. 10.9 ± 7.7 months, respec-
tively; P= 0.002).

Pre- and posttreatment measurements according to
study group

No statistically significant differences were observed be-
tween the HY and QH+HY groups for pretreatment inter-
canine widths at either the gingival level or the cusp tip level
and for interpremolar width at the cusp tip level. However,
there were differences for the interpremolar width at the
gingival level (23.8 mm ± 2.4 mm vs. 22.2 mm ± 1.7 mm,
respectively P= 0.032) and for the intermolar width at the
gingival level (30.2 mm ± 4.1 mm vs. 32.9 mm ± 2.2 mm,

P= 0.002) and at the cusp tip level (44.9 mm ± 3.1 mm vs.
47.9 mm ± 2.4 mm, P= 0.001). Molar inclination was sig-
nificantly greater in the QH+HY compared to the HY group
at the start of treatment (16.4° ± 3.7° vs. 10.2° ± 4.9°, re-
spectively P< 0.001).

There were no statistically significant differences be-
tween groups at T2 for the 6 width measurements and for
molar inclination (Table 2).

Intergroup comparisons: changes between groups
from T1 to T2

Changes from T1 to T2 were calculated and compared
between groups. No significant differences were found
for the intercanine width (gingiva level P= 0.999; cusp
tip level P= 0.981). Interpremolar changes at the gingiva
(P= 0.049) and at the cusp tip levels (P= 0.017) were
greater in the QH+HY group. By contrast, the intermolar
width changes at the gingival (P< 0.001) and at the cusp
tip levels (P< 0.001) were greater in the HY group. There
was a reduction in molar inclination in the QH+HY group,
while a slight increase was observed in the HY group
(–6.50° ± 5.34° vs. 2.3° ± 4.1°; respectively, P< 0.001)
(Table 2).

The multivariate regression model for differences in mo-
lar inclination showed that the QH+HY group was indepen-
dently related to less molar inclination compared to the HY
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Table 3 Multivariate linear
regression model for molar
inclination (°)
Tab. 3 Multivariates lineares
Regressionsmodell für die
Molarenneigung (°)

Variable Beta coefficient 95% CI P-value

QH+HY vs. HY group –9.215 –13.17 to –5.258 <0.001

Duration of treatment (months) 0.143 –0.271 to 0.557 0.489

Interceptive vs. final treatment –2.644 –7.935 to 2.646 0.318

HY Hyrax, QH+HY quad-helix followed by a Hyrax, CI confidence interval

group (beta: –9.215, 95% confidence interval [CI] –13.17
to –5.258, respectively, P< 0.001) (Table 3).

Intragroup comparisons: changes between groups
from T1 to T2 (T2-T1)

The intercanine, interpremolar and intermolar changes were
significant for both the QH+HY and the HY group (all
P< 0.002). The changes in molar inclination were signif-
icant in the QH+HY group (16.4° ± 3.7° to 9.9° ± 3.4°,
P< 0.001), while no differences were found in the HY group
(10.2° ± 4.9° to 12.5° ± 4.6°, P= 0.069). Correction of the
transversal deficiency was achieved in all the patients, and
no scissor bites were created.

Overall, there was excellent reproducibility with an in-
traobserver ICC score for single measures of 0.998 for mo-
lar inclination angles and 0.99 for maxillary widths.

Discussion

No differences were observed in intercanine widths be-
tween the two groups at baseline, followed by a very similar
amount of expansion of the anterior region of the maxilla
at the end of treatment. In addition, there were no signif-
icant differences in the results of the 6 widths measure-
ments and molar inclinations between the two groups at
T2, taking into account that the QH+HY group did not ini-
tially present PCB. These results demonstrate the presence
of maxillary skeletal transverse deficiency in a series of
patients (QH+HY) in whom it is camouflaged by a higher
molar inclination. This accentuated curve of Wilson is what
produced different values for the initial intermolar widths
between the two groups.

The normal molar inclination in relation to the occlusal
plane is about 97–98° (since the measurements in this study
were performed in relation to the molar crown surface, for
comparisons we had to add 90° to our values for baseline
measurements) [3, 12, 13]. However, the molar inclination
may sometimes increase to compensate for the maxillary
skeletal deficiency, resulting in a transverse relationship
without PCB [3, 13]. This confirms that while PCB is not
seen clinically, maxillary transverse deficiency may still be
present. Nonetheless, despite the absence of PCB, these
patients are candidates for RME after eliminating molar
buccal compensations [6].

Although the QH+HY group showed a significantly
greater molar inclination at the initiation of treatment,
these patients showed a decrease of 6.5° in molar inclina-
tion, which increased 2.3° in the HY group. The final values
observed in each group were similar to those reported in
the literature for normal inclination (4.73°± 3.74°) [14–17].
The slight increase in the HY group is less than the values
described in the literature, with means ranging from 2.5 to
20° [11, 18–23]. This may be because the HY group did
not include subjects with an increased molar inclination.
Studies reporting higher results may have placed expansion
appliances in patients who already had maxillary buccal
molar tipping as part of the malocclusion. The resulting
side effect could be further tipping and bite opening [6].
However, taking into account the development of bone-
borne expanders, future studies are needed to compare the
results of arch width and dental tipping obtained with this
device with those achieved in the present study [24].

According to McNamara [25], maxillary constriction
should be treated with orthopedic expansion when the
maxillary intermolar width is �30mm. This condition was
only present in the HY group at the beginning of the study
because of the increased curve of Wilson in the QH+HY
group. On the contrary, initial intercanine widths were
similar in both groups (23mm). This measurement showed
that an anterior maxillary transverse deficiency was present
at baseline in all of the 41 patients and was confirmed later
on as similar expansion was required in both groups to
achieve a correct transversal relationship. No significant
differences were found in any of the 6 maxillary widths
recorded at the end of treatment. Future studies should be
aimed at recording the maxillary width of molars at the
interim point of correction with quad-helix compression.

Orthodontists assume that dentoalveolar compensations
should be managed before orthognathic surgery. However,
in patients who require RME, skeletal movements are typi-
cally performed without prior dentoalveolar decompensa-
tion. Our study demonstrates the presence of maxillary
transverse deficiency in patients without PCB, making it
recommendable to correct dentoalveolar compensation be-
fore proceeding to maxillary expansion in order to control
the final molar inclination. From a cost–benefit point of
view, QH+HY patients had to have two different devices
with a slight increase in treatment time. However, they ben-
efited from an improvement in esthetics as well adequate
skeletal expansion which allowed better placement of the
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dentition and roots, decreasing the risk of the roots being
positioned through the buccal or lingual plate [7]. In addi-
tion, in a study evaluating the long-term changes in arch
dimensions after RME, McNamara et al. [20] observed that
skeletal expansion was especially stable.

The scanning of models offers a way of obtaining dig-
ital measurements. However, this has not shown to be su-
perior to manual methods taken with digital appliances
[26]. Cone-beam computed tomography (CBCT) is the gold
standard for accurate anatomical measurements, providing
a more comprehensive understanding of transverse prob-
lems by providing cross-sectional molar images that can
be measured. At the start of this study, not all patients re-
quired a CBCT scan as part of their orthodontic diagno-
sis. Our method showed good reproducibility for measure-
ments, with an ICC of 99% for both the molar inclination
and the maxillary widths.

This study has some limitations. It was an observational
study since patients with overcompensated molars might
result in an increased risk for the formation of recessions,
thus, limiting the amount of expansion that is feasible. Fur-
ther on, overexpansion may result in a scissor bite in pa-
tients with the HY-only treatment. Despite the small sam-
ple size, strict selection criteria were used for population
selection, and the analyses showed enough power to detect
significant differences for the main outcomes. Nonetheless,
longitudinal studies with a larger sample size are needed to
confirm our findings.

Conclusion

Patients presenting an increased curve of Wilson at the first
molars may have an underlying maxillary skeletal trans-
verse deficiency, despite the absence of an initial PCB. Pre-
vious treatment with compression by a quad-helix improved
the inclination of the first molars, allowing a greater degree
of expansion with a Hyrax appliance in the second phase.
This decreased the risk for further tipping or causing a scis-
sor bite, and provided an amount of expansion similar to
that in patients diagnosed with an initial PCB. Subsequent
expansion was required in all cases and correct transverse
relationships were achieved.

Acknowledgements The authors would like to thank all the staff
member at the Lorente Clinic Zaragoza (Spain) for their administra-
tive and clinical support. The authors also would like to thank Drs.
Paula Murray, Manuel Lahoz and Federico Hernández-Alfaro for their
guidance and support.

Compliancewith ethical guidelines

Conflict of interest C. Lorente, P. Lorente, M. Perez-Vela, C. Esquinas
and T. Lorente declare that they have no competing interests. This was
not an industry-supported study.

Ethical standards The Clinical Research Ethics Committee of Aragón
(Spain) approved the protocols of this study (No. CP02/2016). In-
formed consent was obtained from all individual participants included
in the study.

References

1. Gohl E, Nguyen M, Enciso R (2010) Three-dimensional computed
tomography comparison of the maxillary palatal vault between pa-
tients with rapid palatal expansion and orthodontically treated con-
trols. Am J Orthod Dentofacial Orthop 138:477–485

2. Bishara SE, Staley RN (1987) Maxillary expansion: clinical impli-
cations. Am J Orthod Dentofacial Orthop 91:3–14

3. Baka ZM, Akin M, Ucar FI, Ileri Z (2015) Cone-beam computed
tomography evaluation of dentoskeletal changes after asymmet-
ric rapid maxillary expansion. Am J Orthod Dentofacial Orthop
147:61–71

4. Garrett BJ, Caruso JM, Rungcharassaeng K, Farrage JR, Kim JS,
Taylor GD (2008) Skeletal effects to the maxilla after rapid max-
illary expansion assessed with cone-beam computed tomography.
Am J Orthod Dentofacial Orthop 134:8–11

5. Harzer W, Reusser L, Hansen L, Richter R, Nagel T, Tausche E
(2010) Minimally invasive rapid palatal expansion with an implant-
supported hyrax screw. Biomed Tech (Berl) 55:39–45

6. McNamara JA (2000) Maxillary transverse deficiency. Am J Orthod
Dentofacial Orthop 117:567–570

7. Burstone CJ, Marcotte MR (2000) Problem solving in orthodon-
tics: goal-oriented treatment strategies. Quintessence Publishing,
Chicago (IL), pp 31–50

8. de Girón de Velasco Sada J (2005) Cambios óseos y dentarios con
disyunción y quad-hélix: estudio comparativo de una muestra de 41
pacientes. Ortod Esp 45:64–73

9. Lorente Achútegui P (2002) Clasificación y tratamiento de las mal-
oclusiones transversales. Ortod Esp 42:179–181

10. Nota A, Tecco S, Caruso S, Severino M, Gatto R, Baldini A (2019)
Analysis of errors in following the rapid maxillary expansion
activation protocol: an observational study. Eur J Paediatr Dent
20:116–118

11. Davidovitch M, Efstathiou S, Sarne O, Vardimon AD (2005)
Skeletal and dental response to rapid maxillary expansion with
2- versus 4-band appliances. Am J Orthod Dentofacial Orthop 127:
483–492

12. Barrera JM, Llamas JM, Espinar E, Sáenz-Ramírez C, Paredes V,
Pérez-Varela JC (2013) Wilson maxillary curve analyzed by CBCT:
a study on normocclusion and malocclusion individuals. Med Oral
Patol Oral Cir Bucal 18:547–552

13. Miner RM, Al Qabandi S, Rigali PH, Will LA (2012) Cone-beam
computed tomography transverse analysis. Part I: normative data.
Am J Orthod Dentofacial Orthop 142:300–307

14. Marshall S, Dawson D, Southard KA, Lee AN, Casko JS, Southard
TE (2003) Transverse molar movements during growth. Am J Or-
thod Dentofacial Orthop 124:615–624

15. Santana L, Motro M, Bamashmous MS, Kantarci A, Will LA
(2017) Buccolingual angulation and intermolar width changes in
the maxillary first molars of untreated growing children. Am J
Orthod Dentofacial Orthop 151:921–928

16. Alkhatib R, Chung CH (2017) Buccolingual inclination of first mo-
lars in untreated adults: a CBCT study. Angle Orthod 87:598–602

K

Author's personal copy



Quad-helix compression to decompensate molar inclination prior to skeletal expansion 149

17. Tong H, Kwon D, Shi J, Sakai N, Enciso R, Sameshima GT (2012)
Mesiodistal angulation and faciolingual inclination of each whole
tooth in 3-dimensional space in patients with near-normal occlu-
sion. Am J Orthod Dentofacial Orthop 141:604–617

18. Garib DG, Henriques JF, Janson G, Freitas MR, Coelho RA (2005)
Rapid maxillary expansion—tooth tissue-borne versus tooth-borne
expanders: a computed tomography evaluation of dentoskeletal ef-
fects. Angle Orthod 75:548–557

19. Geran RG, McNamara JA Jr., Baccetti T, Franchi L, Shapiro LM
(2006) A prospective long-term study on the effects of rapid maxil-
lary expansion in the early mixed dentition. Am J Orthod Dentofa-
cial Orthop 129:631–640

20. McNamara JA Jr., Baccetti T, Franchi L, Herberger TA (2003)
Rapid maxillary expansion followed by fixed appliances: a long-
term evaluation of changes in arch dimensions. Angle Orthod
73:344–353

21. Rungcharassaeng K, Caruso JM, Kan JY, Kim J, Taylor G (2007)
Factors affecting buccal bone changes of maxillary posterior teeth
after rapid maxillary expansion. Am J Orthod Dentofacial Orthop
132(428):e1–8

22. Ciambotti C, Ngan P, Durkee M, Kohli K, Kim H (2001) A com-
parison of dental and dentoalveolar changes between rapid palatal
expansion and nickel-titanium palatal expansion appliances. Am J
Orthod Dentofacial Orthop 119:11–20

23. Ghoneima A, Abdel-Fattah E, Eraso F, Fardo D, Kula K, Harts-
field J (2010) Skeletal and dental changes after rapid maxillary
expansion: a computed tomography study. Aust Orthod J 26:
141–148

24. Khosravi M, Ugolini A, Miresmaeili A, Mirzaei H, Shahidi-
Zandi V, Soheilifar S, Karami M, Mahmoudzadeh M (2019)
Tooth-borne versus bone-borne rapid maxillary expansion for
transverse maxillary deficiency: a systematic review. Int Orthod
17(3):425–436. https://doi.org/10.1016/j.ortho.2019.06.003

25. McNamara JA Jr (2002) Early intervention in the transverse di-
mension: is it worth the effort? Am J Orthod Dentofacial Orthop
121:572–574

26. Nouri M, Abdi AH, Farzan A, Mokhtarpour F, Baghban AA (2014)
Measurement of the buccolingual inclination of teeth: manual tech-
nique vs 3-dimensional software. Am J Orthod Dentofacial Orthop
146:522–529

K

Author's personal copy

https://doi.org/10.1016/j.ortho.2019.06.003

	Quad-helix compression to decompensate molar inclination prior to skeletal expansion
	Abstract
	Zusammenfassung
	Introduction
	Materials and methods
	Sample size
	Statistical analysis

	Results
	Pre- and posttreatment measurements according to study group
	Intergroup comparisons: changes between groups from T1 to T2
	Intragroup comparisons: changes between groups from T1 to T2 (T2-T1)

	Discussion
	Conclusion
	References


