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Introduction: The aim of this study was to establish an accumulated strain pattern in different parts of rapid
maxillary expansion appliances and relate them to different vertical growth patterns. A clinical study was con-
ducted of 40 patients with posterior crossbite who required rapid palatal expansion. Methods: Patients (mean
age, 8.48 years) were recruited and treated at the Dental Hospital of Bellvitge, Hospitalet de Llobregat, Barce-
lona, Spain. Strain gauges were placed on the arms of the RME hyrax screw appliance to record deformation
(strain) during the expansion and the retention phases for 75 days. A finite element model was used to place
the gauge at the point where the strain wasmost expressed. The vertical coefficient of variation was used to clas-
sify the patients by their vertical growth pattern. P5 0.05 was considered to be statistically significant. Results:
During the expansion phase, the highest values of accumulated strain were measured in the posterior part of the
appliance for all facial biotypes, but these values passed to the anterior area at the end of the retention phase of
the mesocephalic and brachycephalic patients. There was statistically significant difference in the strain of the
posterior arms in accordance with the vertical growth pattern (P5 0.05) during the retention phase. At 75 days of
retention, 61.25% of the arms had already begun to have strain dissipation. Conclusions: The accumulated
strain pattern in the rapid maxillary expansion appliance can vary depending on the facial biotype. In the future,
orthodontists should try to tailor the activation and retention protocol based on each patient's characteristics. (Am
J Orthod Dentofacial Orthop 2015;148:990-8)

The term “posterior crossbite” was described by
Wood1 in 1962 as the abnormal buccal or lingual
relationship of the maxillary and mandibular teeth

when both hemimaxillas are in occlusion. If it has a skel-
etal origin, an expansion screw for rapid maxillary expan-
sion (RME) is usually used to produce changes in the
underlying structures, resulting in opening of the midpa-
latal suture.2,3 Most rapid expansion appliances have a
lateral displacement at each activation, which is
0.2 mm. After activation, force is generated and
dissipates with time; however, because of consecutive
activations, residual force is generated, defined as the
force remaining between 2 consecutive activations. This
treatment applies equal activation forces in patients of
different ages with variations in bone density, different
degrees of ossification of the circummaxillary sutures,
and different muscle patterns and associated habits.4

Conventional treatment requires displacement of the
screw regardless of the patient's splint appliance defor-
mation; this is subtracted from the total screw displace-
ment. Therefore, not only the real force is unknown,
but also the actual displacement. With strain gauges
placed on the RME appliance, forces have been shown
to be constantly present; the forces develop residual
RME during the active phase and continue during the
retention phase.5,6 Thus, it is not surprising that the

aGraduate student, Orthodontic Graduate Program, Orthodontics Unit, Depart-
ment of Odontostomatology, Health University of Barcelona campus, University
of Barcelona, Barcelona, Spain.
bProfessor, Applied Physics Unit, Department of Materials Engineering, Univer-
sity of Vigo, Vigo, Spain.
cProfesssor, Orthodontics Unit, Department of Odontostomatology, Health Uni-
versity of Barcelona campus, University of Barcelona, Barcelona, Spain.
dProfessor, Human Anatomy and Embryology Unit, Department of Pathology
and Experimental Therapy, Health University of Barcelona campus, University
of Barcelona, Barcelona, Spain.
eAssociate professor, Human Anatomy and Embryology Unit, Department of
Pathology and Experimental Therapy, Health University of Barcelona campus,
University of Barcelona, Barcelona, Spain.
All authors have completed and submitted the ICMJE Form for Disclosure of Po-
tential Conflicts of Interest, and none were reported.
Supported by the Dental Hospital of Bellvitge, University of Barcelona.
Address correspondence to: Valentin Javier Garcia, Department of Odontosto-
matology, Health University of Barcelona campus, Orthodontics Unit 5305,
Planta 2, Pavell�o de Govern, Health University Campus Bellvitge, Universitat de
Barcelona, C/FeixaLlarga SN, 08907, L'Hospitalet de Llobregat, Barcelona, Spain;
e-mail, valentingarcia2@gmail.com.
Submitted, December 2014; revised and accepted, May 2015.
0889-5406/$36.00
Copyright � 2015 by the American Association of Orthodontists.
http://dx.doi.org/10.1016/j.ajodo.2015.05.030

990

ORIGINAL ARTICLE

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:valentingarcia2@gmail.com
http://dx.doi.org/10.1016/j.ajodo.2015.05.030


screw type of protocol activation and retention should be
different for each patient.

The objective of this study was to establish patterns
of accumulated strain in different parts of an RME
appliance and relate them to different vertical growth
patterns.

MATERIAL AND METHODS

There were 215 consecutive patients who went to the
Dental Hospital of Bellvitge in Barcelona, Spain, over
10 months in 2013. In 44 of these patients with mixed
dentition, RME was clinically indicated, and they were
treated accordingly. They underwent diagnostic studies
based on photographs, plaster casts, and cephalometric
analyses. The following were the criteria for the selection
of patients: no signs or symptoms of systemic disease, no
medication that could interfere with orthopedic treat-
ment, and an adequate diet. They also could not have
previously received any orthodontic or orthopedic treat-
ments. An insurance liability policy numbered
CE000343677 was contracted, and parents or guardians
had to sign a waiver containing 21 guidelines based on
the International Ethical Guidelines agreed upon in
Geneva in 2002 for research with human consent. The
ethics committee for clinical research of the Dental Hos-
pital of Bellvitge, University of Barcelona, adopted the
case-control study under reference number 11/2011.

Mechanical strain measurements were taken on the
surface of the appliance arms to obtain information
about the effort exerted on the teeth during treatment.
The strain (deformation per unit of length) was deter-
mined by measuring the deformation unit produced in
the arm of the circuit appliance after activating the
screw; the deformation was generated because of the
resistance of the skull. When the appliance was subjected
to treatment forces, the strain at the measuring point
was unequivocally associated with the deformation
determined by Young's modulus of elasticity and Pois-
son's ratio for materials. The strain value was measured
with 2 strain gauges (EA-06-015DJ-120/LE; Micro-
Measurements, Raleigh, NC). The strain gauge tempera-
ture self-compensation coefficient and the low
variability of the oral temperature allowed us to estimate
an upper limit for strain inaccuracy due to temperature
variations of 61% of the readout. The strain gauges
were bonded with an adhesive kit (M-bond 200 adhesive
and 200 Catalyst/Adhesive kit SR-4; Micro-Measure-
ments) to the right anterior and posterior arms of a
type “S” hyrax split palatal screw made of AISI 303
and 301 stainless steel (167-1326; Forestadent, Pforz-
heim, Germany). Before gauge bonding, the sterilized
arm surface was abraded with silicon-carbide paper;

then the M-Prep conditioner A solution and the
M-Prep Neutralizer 5A solution (Micro-Measurements)
were applied. The M-bond catalyst was applied to the
aligned gauge; then the M-bond adhesive was applied
just before the gauge was placed in contact with the
arm's surface. The bond was allowed to polymerize
under pressure for 5 minutes. The screw was set in an
acrylic splint (403-0010-Forestacryl; Forestadent),
which adhered to the deciduous maxillary molars and
permanent first molars. The gauge was coated with
orthodontic wax so that the surface would not be in con-
tact with the resin system (Fig 1). For analysis, the Model
D4 Data Acquisition Conditioner (version 1.32; Micro-
Measurements) was used. This model has 4 channels
for data acquisition, but only channels 1 and 2 were
used for the anterior and posterior arms, respectively,
in all patients. Once installed, the first measurement
was taken as 0. Once these data were obtained with
the gauge, they were forwarded to the 2 channels of
the model D4 via a cable, and the microstrain values
(Ɛ 5 3 10�6 � mS) were transformed, or in our case,
me microvolts/V. The model D4 was operated via com-
mands sent over a USB connection. Application software
was provided to control the D4 with a Windows-based
personal computer (Microsoft, Redmond, Wash). Subse-
quently, the screw was activated, and the resulting data
were recorded again (T1). Screw activations occurred
once every 12 hours; after 10 days, the strain was
recorded again. When a half expansion overcorrection
was obtained with a metal screw ligature set, strain
(T2) was recorded at that time. From then on, new mea-
surements were taken every 15 days until day 75 of the
retention phase (T3-T7). When the appliance was
removed 75 days later, a transpalatal arch was placed
for 6 months. Figure 2 shows the clinical conditions
when the measurements were taken. The location of
the connector was always on the right side, in the palatal
area of the maxillary right first molar, but in patients
with a narrow palate, it was placed buccally at the level
of the maxillary right deciduous or permanent canine.
Between sessions, the connector was protected from
saliva by a Xantopren plug (Bayer, Leverkusen,
Germany).

A preliminary analysis of strains and deformations on
a circuit appliance was performed using the finite
element model to calculate the ideal location of the
gauge to best reflect the strain. In the trial, even pressure
was applied in the middle plane of the approximate area
of the resin, equivalent to a force of 5 N (0.5 kg) exerted
by each programmed side. There was restricted motion
of the symmetrical plane of the RME appliance, and
the plane was symmetrical. The mesh contained 50705
tetrahedral elements and 75288 nodes. The ideal surface
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