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Abstract: The purpose of the present study was to evaluate the mechanical resistance of elastodontic
devices (ED): their maximum compression loads and plastic deformation under loading (percentage).
An Instron universal machine (Model 3365, Instron, Industrial Product Group, Grove City, PA, USA)
was employed with a 100 N load cell and with Bluehill software for loading analyses. Each device
was submitted to a five-cycles test. The following ED were evaluated: A.M.C.O.P. (Micerium, Genova,
Italy) in red color, in orange color, and in blue color; HealthyStart (Ortho-Tain, Winnetka, IL, USA),
and T4K™ phase 1 (Myofunctional Research Co., Helensvale, Australia). During the five-cycles test,
the Ortho-Tain device delivered the greatest compression load (7.56 N), with the lowest percentage
of deformation (0.95%). For all devices, a slight plastic deformation of the material was registered,
ranging from 0.95% to 1.75%. For the T4K device it was not possible to complete the five-cycles
test. For all the analyzed ED, a slight plastic deformation under loading was registered, that in all
cases can be considered clinically acceptable. Further studies are needed to test the appliances after
clinical usage.

Keywords: elastodontic devices; removable orthodontic appliances; deformation; compression load;
mechanical properties; preventive orthodontics; pre-formed appliances

1. Introduction

Interceptive orthodontics represents a preventive approach for treating malocclusion
at pediatric age [1]. It has been suggested that orthodontic problems in mixed dentition
can be corrected with interceptive treatment in 15% of patients and improved in 49% of
cases [1]. In the 1980s prefabricated functional appliances were commercially introduced
from manufacturers, available under different proprietary names, to be used also with
children in the period of primary dentition [2]. These removable appliances are typically
made of a soft elastomeric material, and incorporate soft tissue shields around the dentition
with the aim of correcting overjet and overbite by combining the features of a functional
appliance (forward mandibular posture) with eruption guidance (soft tissue shields) [3].
This approach was recently named “elastodontics”, i.e., a particular type of orthodontic
treatment using prefabricated elastodontic devices (ED). The characteristic of these ap-
pliances is that they are made with silicone elastomer which has optimal characteristics
of resilience, guiding the teeth and the mandible to a correct position. Considering that
these appliances are simple in construction and function, easy to use and safe, their use has
become more and more diffused [4].

ED produce light and biological elastic forces to correct malocclusions, changing the
position of the teeth and potentially affecting growth of the bone bases, by stimulating the
perioral muscles [5] and remodeling and relocation of the glenoid fossa. These appliances
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are used with children with primary dentition as, when muscular interferences or dento-
skeletal malocclusions are treated at a very early stage, it seems to improve the stability
of relationship between the jaws, and their muscular component [6,7]. Their main clinical
applications described in the literature are for increased overjet and overbite, gummy
smile, anterior crowding and rotations, open bite, class II malocclusion, and scissor bite [8].
Overall, they are considered to act globally on the stomatognathic system of growing
children, by perfectly integrating with the neuromuscular system [9,10]. In addition,
elastodontics became popular during the pandemic (2020-2021) as their characteristics are
suitable for remote monitoring and tele dentistry [11,12].

Today, orthodontists have access to a wide range of ED.

One of the most popular is the so-called trainer for kids, the T4AK™ (Myofunctional
Research Co., Helensvale, Australia), a polyurethane appliance, suggested to correct class
II malocclusions [13]; furthermore, it is also considered to stimulate transverse develop-
ment [14].

Another recently developed elastodontic approach is represented by the bio-activator
AM.C.O.P™ (cranium-occluded-postural multifunctional harmonizers) (Micerium, Gen-
ova, Italy). These appliances consist of two flanges, one vestibular and one lingual, which
delimit a free central area, allowing an orthopedic effect, while moving without pres-
sure [15,16]. It can be considered one of the most popular in the market, because several of
these devices are available for different types of malocclusions, distinguished by different
colorations and transversal sizes [17]. Being applied for all types of malocclusions, they
allow complete orthodontic treatment until the alignment of teeth, often without any need
of refinement with other appliances [18]. Thus, they have become popular among clinicians.

Another popular ED is the HealthyStart™ (Ortho-Tain, Winnetka, IL, USA), specifically
suggested for oral breathing children to reduce this muscular dysfunction, while developing
the jaw naturally and straightening teeth.

These appliances have been described to be clinically capable of improving skeletal
patterns as Class II malocclusions, at an early age in a relatively cost-effective manner, by
acting on muscular dysfunction and repositioning the mandible [13]. In the literature, these
appliances were investigated in clinical cases of class II malocclusion, and were described
as influencing the sagittal plane in class Il malocclusion, in a manner comparable to that
of other functional devices such as the twin-block [19], but are less effective than other
appliances as the activator [20].

Despite the existence of studies of their clinical effectiveness, their mechanical
characteristics—the assumption of their clinical effectiveness, with respect to other types of
functional appliances—have not been analyzed in the literature as yet [2]. Only one study
previously evaluated the tensile strength of elastomer appliances comparing three types of
appliance, focusing mostly on their tensile strength after an elongation, but that study did
not evaluate deformation under loading [21].

Thus, the purpose of the present study is to evaluate the compression resistance of
the most popular ED, through the analysis of maximum compression loads and plastic
deformation under loading.

2. Materials and Methods

This in-vitro study was aimed at evaluating the maximum compression resistance
of some popular EDs, as well as their degree of plastic deformation before breaking. The
study was carried out at the Engineering Department of the Leone Company (Firenze,
Italy). The following ED were evaluated in this study:

-AM.C.O.P. (Micerium, Genova, Italy) in red color (Ref. ®53-55 mm).
-A.M.C.O.P. in orange color (Ref. SC3-55 mm).

-A.M.C.O.P. in blue color (Ref. S3-55 mm).

-HealthyStart (Ortho-Tain, Winnetka, IL, USA) (Ref. 7-11 PAD).

-T4K phase 1(Myofuncional Research Co., Helensvale, Australia) (Ref. T4K).
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The engineering drawings for every ED are represented in Figure 1, which reports
the scanned images of the ED, with dimensions for the occlusal distances (Figure 1a), the
width (Figure 1b), the length and the height (Figure 1c), in millimeters.

OCCLUSAL DISTANCE

|

"‘ _=
- L
N o
\

7-11 PAD
SC3-55 mm

?S3-55 mm

Inter-occlusal distances
before the 5-cycles loading

test for the five appliances.

(@)

@S3-55 mm
SC3-55 mm
$3-55 mm

(b)

@S3-55 mm
SC3-55 mm

(©)

Figure 1. Measurements obtained for the five devices before the 5-cycles test, in millimeters: (a)
occlusal distance; (b) width; (c) length and height.

2.1. The Mechanical Tests

A compression test was performed for the mechanical characterization of the devices.
An Instron universal traction machine (Model 3365, Instron, Industrial Product Group,
Grove City, PA, USA) was employed with a 100 N load cell, with Bluehill software for the

analyses.



Bioengineering 2022, 9, 282

40f 10

Preliminarily, the devices were positioned on a stainless-steel plate in such a way as to
have their median line parallel to the crossbar of the traction machine; a synthetic paste
was used to hold the device in place and avoid its movement on the transversal plane. For
testing, the displacement was applied with a punch on a steel slide (BWU60-60, Iko, Japan)
that allowed the force to be applied on the same region of the device during the whole test
(it was a 5-cycles test). Thanks to its thread, the punch was installed directly on the crossbar
of the traction machine, as represented in Figure 2.

(a) (b)

Figure 2. (a) The steel slide (BWU60-60, Iko, Japan) that allowed the displacement of the device
during the 5-cycles test; (b) the steel sliding, allowing the 10 mm displacement of the device at
0.2 mm/s.

A displacement method was developed, as represented in Figure 3: the crossbar
dropped down to register 0.1 N; then, a downward displacement of 10 mm, at 0.2 mm/s,
was applied during which the machine registered the needed force; a two-seconds pause
followed; finally, an upward displacement of 10 mm to 0.2 mm/s was carried out during
which the machine registered the force. The same cycle was repeated 5 times.

The variables investigated were the maximum compression load and the plastic
deformation under loading. These variables are useful to understand the elastic/plastic
behavior of the appliances when subjected to a compressive load and displacement. The
variables are described in the following sentences.

2.2. The Maximum Compression Loads

Compression is one of the elementary stresses that a body can be subjected to, along
with traction, bending, shear and torsion. A body is subject to compression when a system
of converging forces acts upon it. In a generic section of a beam subject to compression, the
unit stress is calculated via a relation, in which compression force = N/A (in which N is
the maximum compression force, and A is the cross-sectional area of the beam, measured
in mmz). This formula, that was obtained for the calculation of the tensile stress, can
be identically applied to compressed bodies. In the present study the maximum loads
necessary for compression of each device were calculated as the higher level of force
recorded at the maximum stroke during the 5-cycles test for each device. The maximum
compression load can be evidenced in a graph where X-axis represents the displacement
expressed in millimeters, and the Y-axis shows the applied load, expressed in N.

2.3. The Plastic Deformation under Loading

Plastic deformation of a material occurs when a force is applied to that material in such
a way that, when the stress is removed, the material is no longer able to return to its original
size, and that force is said to be correlated to a percentage of deformation. Deformation is
simply the difference between the original dimensions and the new dimensions that the
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material acquires [22]. When a material remains with dimensions different from the original
when stress is removed, it is said to have been plastically deformed. Plastic deformation
is achieved when the applied force is so great that, internally, the atoms or molecules
have had to change position to compensate for this force. In the present study, plastic
deformation was calculated on the 3D-scans of the devices taken before and after the
5-cycles test. A scanner Maestro 3D MDS 500 (AGE Solutions s.r.l., Pontedera, Pisa, Italy)
was used for scanning the ED, after opacifying them by a white spray paint. The pre- and
post-test scans were compared to calculate the percentage of plastic deformation, using the
following formula:

Deformation (%) = Start dimension (mm) — Dimension after test (mm) x 100 Start
dimension (mm).

The software used for the measurements were Rhinoceros (Materforma, Terni, Italy),
and Netfabb (Autodesk, San Rafael, CA, USA) with specific tools.

Figure 3. Example of appliance positioning in the mechanical test machine.

The research experimental workflow is represented in Figure 4.

T4K D53-55mm SC3-55 mm 53-55 mm 7-11PAD
AM.COP AM.C.OP. AM.C.O.P Healthy start

S-cycles test S-cycles test S-cycles test S-cycles test S-cycles test
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Figure 4. Research experimental workflow.
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3. Results

Figure 5 shows the average compression and release curves of the five cycles for each
device.

Figure 5. Average compression and release curves of the devices. X-axis represents the displacement
expressed in millimeters; Y-axis shows the applied load, expressed in N.

It can be seen from Figure 5 that it was not possible to complete the five cycles
envisaged by the test for the myofunctional research into the T4K device. The test was
repeated several times but to keep the device in position during the test it was necessary to
introduce metallic elements that would invalidate the test itself. The maximum compression
forces for the ED are reported in Table 1. For all devices, a slight plastic deformation of the
material as shown in Table 2.

Table 1. Maximum compression load (in N) and deformation obtained during the test.

The Maximum Maximum
Compression Loads (N) Deformation (mm)
AM.C.O.P. blu color (53-55 mm) 5.85 10.004
AM.C.O.P. orange color (SC3-55 mm) 5.33 10.004
AM.C.O.P. red color (®#S3-55 mm) 5.81 10.004
HealthyStart (Ortho-Tain) (711 PAD) 7.56 10.004
Trainer for Kids (T4K) 0.7 No data *

* It was not possible to complete the 5 cycles of the test for Myofunctional research T4K device.

Table 2. Percentage of plastic deformation after 5 cycles.

Percentage of Deformation

(%)

AM.C.O.P. blu color (S3-55 mm) 1.29
AM.C.O.P. orange color (SC3-55 mm) 1.41
AM.C.O.P. red color ($S3-55 mm) 1.75
HealthyStart (Ortho-Tain) (7-11 PAD) 0.97
Trainer for Kids (T4K) 2.55

4. Discussion

In the present study, EDs were studied to analyze their mechanical characteristics
during a compression test with a 100 N load cell and displacement. Maximum compression
loads and plastic deformation as a percentage were investigated comparing measurements
among the five EDs.



Bioengineering 2022, 9, 282

7 of 10

From a clinical point of view, mechanical characteristics of these devices, such as
the maximum compression loads and the subsequent plastic deformation, are strategic in
terms of their clinical effectiveness in intercepting and treating malocclusion at an early age.
When these mechanical characteristics are altered, it leads to a reduction in the clinical effect
of the device. Ideally, an ED should not show any deformation under compressive loading
during displacement. Obviously, it is expected that a deformation, although minimal, can
occur for each device, but the scientific literature does not report standard and/or clinically
acceptable data for the percentage of deformation under compressive load for the ED in the
market. Thus, in the present study, no standard values were compared to the present ones.

This is because their elastic potential energy, that is the energy stored by their elastic
deformation, is the principle on which their mechanism of action is based during their
clinical usage. These appliances may be applied in several different clinical situations, and
can potentially be useful for moving individual teeth, blocks of teeth, and aiding growth
modification as functional conventional appliances [23]. Thus, their clinical effectiveness
depends on their elastic potential energy. The elastic potential energy stored by an ED
is directly correlated to (1) the amount by which the ED is deformed (in this case, after
compression); (2) the amount of force required to plastically deform the ED. These physical
properties depend on both the shape and the material used for its manufacturing, as
assessed also for the mechanical performance of other devices, such as implants for femoral
head against the acetabular cup, that are subjected to a compressive loading during their
movements [24].

Therefore, the elastic potential energy can be different for every ED, potentially ex-
plaining the clinical results achieved after their usage.

In the present study, for the T4K™ it was not possible to complete the test due to the
need to insert metallic elements.

For the other considered EDs, during the five-cycles test, the appliance that brought the
greatest compression load was the HealthyStart Ortho-Tain. Regarding plastic deformation,
all devices analyzed in this study were subjected to slight plastic deformation during the
whole five-cycles test, ranging from 0.95% to 2.55%, with the Ortho-Tain registering the
lowest percentage of plastic deformation.

The A.M.C.O.P. device is made of a polymer/elastomer combination, aimed at be-
ing elastic and non-deformable. Another characteristic of this appliance lies in the soft
consistency of the material, which allows the possibility of performing myofunctional
exercises for the oral and lingual musculature while wearing the device during the day.
In addition, it is thermoactivated, and extremely adaptable to different arch shapes. At
the same time, being soft, possible interferences from flanges can be modified with heat-
appropriate instruments; in addition, the patient can also expand the device by soaking it
in hot water at about 70 °C for 30 s. Then, to fix it in its new form, it can be soaked in cold
water [15]. These characteristics could explain the results obtained in the present study,
in which this appliance showed a plastic deformation of about 1.29-1.75%, higher than
the Ortho-Tain device, probably due to the thermo-activity of the polymer that requests a
plasticity of the material to ensure these clinical characteristics fo4 this device. Therefore, its
soft consistence and thermo-activity may explain the higher plastic deformation registered
after this mechanical test, compared to the HealthyStart.

Differently, the HealthyStart appliance is made of a vinyl resin whose primary charac-
teristic is resilience. Indeed, it is usually recommended for obtaining minor tooth move-
ments after an orthodontic treatment because of its elastomeric material [25]. In children
with primary dentition, it is recommended to be worn during the night and is not projected
to allow myofunctional exercises, except for micro-movements. These characteristics are
suitable for a more resistant appliance, less deformable under loading, as observed in the
present study.

In the previous literature, these appliances have never been compared for these
variables, but only in their tensile strength, for which the different materials showed almost
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the same values: high temperature vulcanizing silicone appliances evidenced similar values
compared with urethane and vinyl materials [21].

Regarding deformation under loading, an in-vitro study was performed in the litera-
ture [26], but not using appliances, because the dimensional variation of polymer materials
was evaluated by using cylinders as material.

In that study, urethane, white rubber, and elastocryl (three materials used to fabricate
these types of devices) were compared and the deformation was established during a
compression test by compressing cylinders of materials for given periods of time, and then
measuring the level of deformation. This study showed that all three materials manifested
slight permanent deformation.

Although with a different methodology, the findings agree with that study, and the
conclusion is that, from a clinical point of view, that the percentage of deformation was
<1.75% for all the analyzed ED can be considered clinically acceptable for their use. The
slight difference among the appliances relates to the recommended clinical use.

Regarding the clinical relevance of the present findings, it can be highlighted that
mechanical properties and slightly different mechanical characteristics of different EDs
can explain their clinically recommended usage. Thus, from the present study it can be
stated that the HealthyStart appliance is made of a vinyl resin whose primary characteristic
is resilience (high maximum loads, and low deformation). Indeed, it is usually recom-
mended for obtaining minor tooth movements after an orthodontic treatment because of
its elastomeric material.

Differently, A.M.C.O.P. is made of a thermo-activable polymer that requires a plas-
ticity of the material and ensures extreme adaptability to different arch shapes, allowing
myofunctional exercises during the day, thanks to its soft consistency.

The present study was limited, as the appliances were not preliminary subjected to
clinical use or to thermocycling to simulate intra-oral use. Thus, the results could not be the
same under the two conditions. The characteristic of elasticity for all the materials could be
much lower after clinical usage, or after immersion in the water bath, as assessed for other
elastics in orthodontics [27-29]. Another limitation is that only a few products available
in the market have been evaluated, i.e., the most common, but more thorough research
should include more products. Therefore, this study can be considered a pilot.

5. Conclusions

ED were studied to analyze their mechanical characteristics during a compression test
with a 100 N load cell and displacement. During the five-cycles test, the HealthyStart (Ortho-
Tain) showed the lowest percentage of deformation (0.95%) with the highes5 maximum
compression load (7.56 N) but, for all devices, only a slight plastic deformation of the
appliances was registered, ranging from 0.95% to 1.75%, that in all cases can be considered
clinically acceptable. Further studies are needed to test more appliances and evaluate data
after clinical usage.
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