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The aim of our study was to determine the wear resistance of vacuum-formed retainers (VFRs) made out of
polyethylene terephthalate glycol (PETG), from four different manufacturers (Essix, Leone, Erkodent, Bio-
Art), under high load forces (600 N), for 10000 cycles. Forty thermoplastic sheets were divided in four
groups, each group consisting of a set of ten sheets from each manufacturer, thermoformed on two matching
study models with an ideal occlusion. The Instron 8874 equipment was used to simulate the accelerated
wear of VFR surfaces. The surfaces of the VFRs were visually inspected using a KEYENCE VHX-600 digital
microscope, but this proved difficult because of the surface shine. 3D models were generated using a GOM
industrial laser surface scanner. Several wear areas were identified, having various degrees of roughness,
with no evident tear points or perforations. One-way ANOVA analysis showed no statistically significant
differences in net mass loss between the four groups.
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The demand for orthodontic appliances that are more
esthetically pleasing has significantly increased in the last
decades, as a result of the growing number of adult patients
that seek orthodontic treatment [1-3].

One of the main concerns after the completion of the
orthodontic treatment is to stabilize and maintain the teeth
in their final position, using proper retention appliances.
Relapse is defined as the change that occurs in tooth
position or in arch relationship after the end of the active
orthodontic treatment [4-6]. Several factors have been
incriminated in the mechanism of orthodontic relapse:
occlusal forces, forces generated by the gingival,
periodontal and orofacial soft tissues, as well as post-
treatment growth and normal age-related changes [6-11].
The retention phase is particularly challenging for the
clinicians because some of these factors are manageable
only to some extent, especially when post-treatment
growth factors are involved. In practice, various types of
retention appliances are used, each with its own
advantages and disadvantages: bonded retainers, Hawley
retainers, thermoplastic (vacuum-formed) retainers and
positioners (custom-made or prefabricated).

The vacuum-formed retainers (VFRS) are removable
appliances, made out of clear thermoplastic materials (eg.
polypropylene polymers, polyethylene polymers, polyvinyl
chloride polymers). These retainers address the patient’s
demand for high esthetics, ease of use and optimal oral
hygiene. From the clinician’s perspective, VFRs are more
cost-effective, have a higher compliance rate and even

reduce the chance of relapse in some cases (corrections
of the axis of the lower incisors) when compared to Hawley
retainers [12-15].

In order to be effective and to prevent relapse for longer
periods of time, the retainers have to maintain their
structural integrity and their physical properties. However,
several studies published in literature have reported poor
resistance to wear for some types of VFRs [16-20].
Mechanical wear, defined as the loss of material from solid
surfaces as a result of mechanical interaction, is a complex
process in the clinical context, because of the patient’s
individual patterns of occlusal interaction and para-
functional habits, mechanisms which are harder to predict
or to control.

The aim of our study was to determine the wear
resistance of VFRs made out of polyethylene terephthalate
glycol (PETG) from four different manufacturers, under high
load forces, simulating the high bite force patterns
produced in bruxism, a very common parafunctional habit.

Experimental part
Materials and methods

For this study we used forty thermoplastic sheets (1.0
mm thick square sheets of 125x125 mm) from four
different manufacturers, made out of polyethylene
terephthalate glycol (PETG), recommended for the
vacuum-forming of retainer appliances (Table 1). The
samples were divided in four groups, each group consisting
of a set of ten thermoplastic sheets from each
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Table 1
TYPE OF MATERIALS USED IN THE STUDY

Manufacturer Product name Country

Dentsply Faintres Ezsix | Essix ACE USA

Leone Materiale Ttaly
Biocompatibile
Temmoformabile

Erkodent Erkodur (clear) Germany

Bio-Art Crystal Erazil

manufacturer (five sheets for the upper dental arch and
five for the lower dental arch).

The thermoplastic sheets were vacuum-formed in pairs,
on two matching, ideal dental arches, with an ideal
occlusion. For the study models we opted for a bi-
component model resin (Exakto-Form, Bredent), which
had good mechanical properties and accurate reproduction
of details.

The vacuum thermoforming equipment used to create
the VFRs was PlastVac P7 (Bio-Art, Brazil), that consisted
of a rotating system for fixing the thermoplastic sheets
with a carbon resistance for rapid and uniform heating of
the sheets. We followed the instructions recommended
by the manufacturers in the vacuum-forming process of
each thermoplastic sheet.

Fig. 1. Vacuum-forming machine
PlastVac P7 (Bio-Art)

The Instron 8874 equipment, with a bi-axial servo
hydraulic testing system that could combine axial and
torsion dynamic actuator in the upper crosshead module
and a t-slot clenching system guided by the precision twin-
column aligned frame was used for the wear tests, to
simulate a tooth clenching scenario for patients with
bruxism. The machine was set at 1 Hz, 1000 seconds, an
amplitude of 3 degrees, 600 N loading capacity and 10000
cycles for each pair of VFRs, to simulate the accelerated
wear and tear of the thermoformed surfaces (Fig. 2 and
Fig. 3).

A custom jig with metal rods was designed to fix the
study models in the testing machine. Each pair of VFRs
were set in place on the corresponding upper and lower
study model, simulating real bite conditions, similar to
those in the patient’s oral cavity.

Fig. 2. Wear testing machine
Instron 8874.
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Fig. 3. The study
models fixed in the
testing machine, with
the VFRs set in place

The custom jig consisted of two separate components:
an upper and a lower component for each study model,
each having a metal plate with screws that attach to the
study models on one end and a metal rod of 12 mm in
diameter welded on the opposite end, acting as a clamping
support for the testing machine.

Before the initial mechanical wear test, all samples were
weighted using an analytical analog balance scales
(ZATKLADY) with 5 decimal places (0.00000 g) to identify
the finest differences in mass.

For an accurate assessment of the changes in the mass
of the samples, a handling protocol for sample
manipulation, before and after testing, was established and
consisted in using a low-pressure blower to remove any
waste that occurred during testing. The samples were
handled using standard tweezers.

After the wear test, the surfaces of the VFRs were visually
inspected and characterized, using a KEYENCE VHX-600
digital microscope.

A GOM industrial laser surface scanner was utilized to
scan the surfaces of the VFRs and the 3D models were
generated by the GOM Inspect 3D software using the 3
overlapping marker points method for interior and exterior
surfaces scanning. The scanner detected all extruded or
in-depth irregularities. The surface shine was reduced using
a standard coating of white powder spray.

Statistical analysis

The data were statistically analysed using specialized
software (IBM SPSS, version 24, SPSS Inc., Chicago). One-
way ANOVA analysis was conducted to test for differences
in net mass loss after wear simulations between the four
groups, in each arch («=0.05). The data had no outliers,
as assessed by boxplot, with one exception in the Bio-Art
upper arch group. The outlier was included in the analysis,
as we concluded that it did not affect the final result, the
outlier (0.018 mg) was not an extreme outlier and it was
close to the next largest value in the group (0.015 mg).
Including the outlier, excluding it or modifying it with the
next largest value din not affect the overall results. The
data was normally distributed, as assessed by Shapiro-
Wilk’s test (p>0.05) and the assumption of homogeneity
was not violated, as assessed by Levene’s test for equality
of variances (p=0.463 for the groups in the upper arch and
p=0.177 for the groups in the lower arch).

Results and discussions

The net mass loss (milligrams) after the wear tests for
the VFR groups in each arch are visually presented as box
plots in figure 4 and figure 5 and as numerical descriptive
statistics in Table 2 and Table 3.

The total mean of net mass loss in the upper arch groups
(0.153+0.048) was lower than the total mean of the lower
arch groups (0.549+0.075), possibly, because of the
difference in load distribution between the two different
surfaces (upper and lower), taking into account not only
the vertical load, but also the torque component. A larger
sample might clarify why the wear was more prominent
in the VFRs in the lower arch, but as this was not the
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Fig. 4. Box plot showing the descriptive statistics for the VFR
groups for the upper arch
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Fig. 5. Box plot showing the descriptive statistics for the VFR
groups for the lower arch.
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Table 2
NET MASS LOSS (MILLIGRAMS) AND DESCRIPTIVE STATISTICS FOR THE VFR GROUPS FOR THE UPPER ARCH
! ! ! ! 95% CI for Mean
mf;;“ﬁch] . N Mean SD ;rir Tower Tpper | Minimum | Maximum
Bound Bound

ESSIX 5 0.148 0033 0.024 0.083 0213 n.og 022
LEONE b 0.192 0048 0.012 0152 0252 014 023
T ERKODENT 3 0.130 n.o4e 0.022 0.065 0n.1e1 [.og 020
BIO-ART b 0.140 002e 0.012 0107 0173 011 018
Total 20 0133 EES 0.011 0.150 0175 008 023

SD — Std. Deviation, CI — Confidence Interval

objective of the present study, we cannot draw any relevant
conclusions regarding these finds.

The one-way ANOVA analysis showed no statistically
significant differences in net mass loss after wear
simulations, between the four groups (p=0.183 for the
groups in the upper arch and p=0.300 for the groups in the
lower arch) (Table 4).

Visually inspecting and characterizing surfaces, using
the KEYENCE VHX-600 digital microscope proved difficult
on VFR materials because of the material shine (Fig. 6).
However, several wear areas were identified, having
various degrees of roughness, but, overall, consistent
between the four groups.

No important modifications were observed on the
generated 3D models of the tested VFRs, using the GOM
surface camera scanner and GOM Inspect software (Fig.
7).

Several studies in the literature have addressed the wear
resistance of different types of VFR materials, but the
authors employed different protocols for their studies and
different loading forces [16,18-25]. These studies used
steatite ceramic abraders and conducted surface
profilometry analyses, measuring the wear depth of each
sample to evaluate the wear resistance. All the samples
consisted of flat surfaces of VFR materials.

Rajaetal. [18] and Moshkelgosha et al. [20] subjected
the materials to a force of 460 g (—4.5 N), for 1000 wear
cycles, Ahdab [21] used a load of 45+1.3 N, for 2500
cycles, while Gardner et al. [16] used a force of 25 kg
(—245 N), for 1000 cycles.

Unlike the previous studies we wanted to test the wear
resistance of VFR materials set in place on study models,
replicating closer to real-life conditions of the upper and
lower jaw movements, under heavy loads, similar to high
bite force patterns produced in bruxism. In order to simulate

Table 3
NET MASS LOSS (MILLIGRAMS) AND DESCRIPTIVE STATISTICS FOR THE VFR GROUPS FOR THE LOWER ARCH
; T 03% CIfor Mean ; ;
llnf:’::f w N | Mem 5D Eiir T Tower Tpper | Minimum | Maximum
Bound Bound
ESSIX 3 0332 0.093 0,043 0413 0630 042 065
LEONE 3 U512 0054 02024 0445 0379 VER U3¢
“ERKODENT 73 U357 0:047 0021 VELE! U610 04y 060
BIO-ART 3 0600 0083 07038 VLY 0706 030 U0
Total 0709 0073 U017 0514 039 042 U9
5D — 5td. Deviation, CI — Confidence Interval
ONE-WAT Sum of Mean .
ANOVA Squares df Square F Sig
Groups Eetween Groups 0.011 3 0.003 1826 | 0183 ONE_WAYK"&?/ :ANALYSIS
[Upper arch] “'lthiﬂms ggii ig 0002 TESTING FOR DIFFERENCES
Between Groups 0021 3 0.007 T30 0300 | | NET MASSLOSS BETWEEN
Groups five - v : : THE FOUR GROUPS IN EACH
Lower aech] Within Groups 0.036 6 0.003 ARCH
Total 0.107 19
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Fig. 6.2. LEONE

Fig. 6.3. ERKODENT

Fig. 6.4. BIO-ART
Fig. 6. Wear surfaces on the VFRs at level of the inferior canine, under the digital microscope (20X magnification).

Fig. 7. GOM surfaces of the upper and lower VFRs from LEONE.

the accelerated wear degree of the VFRs we used a 600 N
loading force, for 10000 cycles, with a rotation angle of 3
degrees. Even though a higher number of cycles was used,
the VFR materials did not show evident tear points or
perforations, probably because the load was distributed
on awider surface, thus the localized pressure at the contact
points being reduced.

Conclusions

No statistically significant differences were found in net
mass loss after wear simulations, between the four groups
(Essix, Leone, Erkodent, Bio-Art) of polyethylene
terephthalate glycol (PETG) vacuum-formed orthodontic
retainers.

Visually inspecting and characterizing surfaces, under
the digital microscope proved difficult on VFR materials
because of the surface shine, however, several wear areas
were identified, having various degrees of roughness, but,
overall, consistent between the four groups, with no evident
tear points or perforations.

Future studies, larger samples and better adapted
protocols to real-life conditions might help better
understanding the behavior of these thermoplastic
materials in order to achieve optimal performance and
reliability.
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