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Abstract: This scientific article investigates the mechanical properties of a novel three-dimensional-
printing resin specifically designed for orthodontic aligners and compares it to other commonly
used resins. The resin was made by blending two commercially available and certified resins to
produce aligners with improved mechanical properties compared to each separate resin. The study
examined the effect of the addition of NextDent Ortho Rigid resin on the mechanical properties of the
specimens, more specifically analyzing the relationship between the amount of the added rigid resin
and the mechanical properties of the specimens. The mechanical properties of the specimens and
the nickel-titanium wires were analyzed using a three-point bending test setup. The results showed
no statistically significant differences within the different groups of specimens. The study provides
valuable insights into the potential of the resin to meet the mechanical demands of orthodontic
treatments. It will contribute to the advancement of personalized orthodontic care through three-
dimensional-printing technology. Blending commercially available and certified resins enables
orthodontic practitioners to select the most suitable resin for each case, providing better outcomes
for patients and increasing the efficiency of the treatment process. Further research and evaluation
would be required to determine the suitability of the blended resin for orthodontic treatments.

Keywords: 3D-printing resin; mechanical properties; orthodontic aligners; three-point bending test

1. Introduction

Orthodontic treatment has undergone significant advancements in recent years, offer-
ing patients more options. The latest advancement is clear aligners, which have revolution-
ized orthodontic treatment by providing a discreet and convenient alternative to traditional
braces. This technique involves using a series of custom-made, transparent aligners that
gradually move the teeth into their desired positions [1].

Traditionally, orthodontic aligners were made via the thermoforming technique, which
is a widely employed method in orthodontics for the fabrication of orthodontic appliances,
such as retainers and aligners. This technique uses heat to soften a thermoplastic material,
allowing it to be shaped and molded over a dental model. The process begins with selecting
the appropriate thermoplastic material, which is then heated to its specific softening
temperature. Once heated, the softened plastic is draped over the dental model and formed
into the desired shape using a vacuum or pressure. The thermoplastic material quickly
cools and hardens, retaining the molded shape and creating a custom-fitted appliance. The
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thermoforming technique offers several advantages, including cost-effectiveness, ease of
use, and the ability to fabricate appliances relatively quickly. However, it is important to
ensure precise adaptation of the material to ensure optimal fit and function.

Three-dimensional-printed orthodontic aligners have emerged as a cutting-edge and
innovative solution in orthodontics. Utilizing direct 3D-printing technology, these aligners
are custom-designed and fabricated for each patient [2,3]. The digitally designed align-
ers are sent to a 3D printer, which utilizes specially formulated biocompatible resins to
produce the aligners without a thermoforming process. The resulting aligners are precise,
durable, and exhibit the desired characteristics of flexibility, transparency, and fit. This
advanced technology enables orthodontists to achieve highly customized treatment plans,
ensuring optimal tooth movement and aligner performance. Among the multiple factors
that determine the effectiveness of orthodontic treatment with clear aligners, their design
accuracy and mechanical properties are crucial [4].

Currently, various thermoplastic materials, such as polyethylene terephthalate glycol
(PETG), polypropylene (PE), polycarbonate (PC), polyurethane (PU), and polypropylene
(PP), are being used to manufacture clear aligners since they are biocompatible, transparent,
and characterized by low hardness, good elasticity, and resistance in the oral environment [5,6].

Lately, multi-hybrid materials have been developed to overcome the limitations of
single materials and to improve their maximum tensile load-bearing capacity [6].

The conventional workflow for manufacturing a set of clear aligners starts with
digital scanning of the patient’s dental arches and the virtual planning of the treatment by
computer-aided design (CAD) software. Thus, a physical dental model is 3D-printed for
each stage and arch, fabricated by stretching the clear plastic sheets over the 3D printed
model by means of thermoforming (vacuum or high pressure) machines, and finally,
trimmed and polished [7].

Ideal orthodontic treatment requires clear aligners to exert constant light forces, leading
to a maximum rate of tooth movement with minimal irreversible tissue damage [8].

Despite that both the production efficiency and functional effectiveness of thermo-
formed aligners have significantly improved over the last years [9], the geometric inaccura-
cies induced by the shrinkage and expansion of the plastic foil during the thermoforming
process have not yet been solved [6], affecting the fit of the aligner to the teeth, the inter-arch
occlusal relationship, and the planned distribution of the orthodontic force. The decrease in
the thermoplastic sheet thickness with the thermoforming process is well-known [4,6,10,11].

Moreover, resin polymers are not inert: the mechanical properties of these materials
are known to highly depend on environmental conditions [12]. In the oral cavity, aligners
are subjected to intermittent short- and long-term loads [13] and, as viscoelastic materials,
lose a substantial amount of their initial strength in the first few hours [12]. They are also
prone to changes due to heat, humidity, and saliva absorption, making tooth movement
less predictable [14,15]. To overcome the limitations of the conventional manufacturing
method, direct 3D printing of clear aligners has recently been attempted, since the first
photocurable dental resin explicitly indicated for this purpose was launched onto the
market (TC-85DAC, Graphy, Seoul, Republic of Korea). This procedure allows to directly
print aligners, without the need to print the corresponding dental models and bypassing the
thermoforming process [4,6]. As an emerging technology, despite its practical advantages,
the biocompatibility, geometrical accuracy, physical and mechanical properties, as well as
chemical stability of the 3D-printed aligners are yet to be tested and validated with respect
to the conventional thermoformed aligners.

Can and colleagues recently examined, through indentation testing, the mechanical
properties of a few samples of aligners 3D-printed with the aforementioned resin after
intraoral exposure, reporting no deterioration after an intraoral exposure period of one
week [16].

Lee et al. analyzed some static and dynamic mechanical properties of the same
photocurable resin and compared the outcomes with a control PETG material [6].
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The choice of the resin to be used to print the aligners is a fundamental step because
it significantly influences the final product’s mechanical properties [17]. In this article,
the mechanical properties of a new experimental resin, made by mixing, in different
proportions, two commercially available and certified resins, specifically designed for
3D printing of orthodontic aligners, will be examined. Then, it will be compared to the
mechanical properties of TC-85DAC samples (Graphy), and nickel-titanium wires used as
control samples. The aim of this research is to determine if the resin blend can produce
aligners with improved mechanical properties compared to those made separately with
each resin. Furthermore, the purpose is to obtain a resin that meets the specific needs of
different clinical cases by blending commercially available and certified resins in different
percentages. This approach will enable orthodontic practitioners to select the most suitable
resin blend for each case or for each stage of treatment, providing better outcomes for
patients and increasing the efficiency of the treatment process.

The research hypothesis for this study is that custom-designed 3D-printing resins with
varying force properties will exhibit comparable or superior mechanical characteristics to
commercially available resins and nickel-titanium wires. By tailoring the properties of the
resin-based materials to specific orthodontic requirements, these novel resins can poten-
tially offer alternative solutions in orthodontic treatments. The study aims to investigate
the mechanical properties of these custom resins and compare them with commercially
available resins and nickel-titanium wires, expecting that the custom resins will demon-
strate a favorable performance, such as improved flexibility, strength, and shape-memory
capabilities. The results of this study will contribute to the advancement of personalized
orthodontic care through 3D-printing technology.

2. Materials and Methods

In this study, we compared the load-deflection of a commercial aligner resin (Graphy
Resin TC-85DAC) with a resin created by blending two different (Ortho Flex, New York, NY,
USA and NextDent Ortho Rigid, Soesterberg, The Netherlands) resins and classic nickel-
titanium wires (0.016′′ × 0.016′′ and 0.016′′ × 0.022′′ Forestadent). For the 3D-printed
resin samples, a 25 × 5 × 0.6 mm parallelepiped was designed using Rhinoceros Software
(v7.13 Robert McNeel & Associates, Seattle, WA, USA) and exported as an STL binary file
and generated machine code with 3D Sprint (NextDent). In addition to nickel-titanium
wires, Graphy samples, and OrthoFlex specimens (sample 1), we decided to test six new
blended resins (samples 2–7), obtained by adding different percentages of NextDent Ortho
Rigid to NextDent Ortho Flex resin (increments of 10%, 19%, 27%, 42%, 54%, and 65%,
respectively). Five samples were produced for each material type. As regards Graphy Clear
Aligners, they were printed, according to the company guideline, by an AccuFab-L4D
printer (Shining 3D Tech. Co., Ltd., Hangzhou, China) using Tera Harz TC-85 DAC resin.
Printing was performed under 45◦ alignment to the building platform with a standard of
100 µm layers. After printing, the specimens were removed from the printer’s platform
and put in a spinner machine for 6 min. The specimens were then dried using compressed
air to avoid an excess of resin during the post-curing of aligners.

The printing supports were removed from specimens, cured in the Tera Harz Cure
with nitrogen generator (THC2) curing machine (Graphy, Seoul, Republic of Korea), and
post-polymerized for 14 min.

Then, the specimens were washed in an ultrasonic cleaning machine at 80◦ for 2 min
and then in water for 1 min. After the washing procedures, samples were dried for 5 min
in a dryer machine.

Finally, samples 1–7 (OrthoFlex specimens and the six blended resins) were printed
using a NextDent 5100 3D Printer and cured with the recommended settings for the
NextDent Ortho Flex resin (Figure 1).
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Figure 1. Positioning of the samples in the slicing software.

The cleaning process was divided into two steps: First, the printed parts were cleaned
in ethanol for three minutes to remove any excess resin. For this purpose, an ultrasonic
bath was used (Elma EP20H Easy, Elma Schmidbauer GMBH, Singen, Germany). Later,
the printed parts were subjected to another bath in ethanol for two minutes. After a rest of
at least 10 min, as indicated in the official instructions for the use of the resin, the printed
samples were placed in a UV-light-curing box to complete polymerization (LC-3DPrint
Box, NextDent, Soesterberg, The Netherlands).

After curing, the specimens were subjected to mechanical testing using a three-point
bending test. The specimen was securely clamped into the testing machine, ensuring the
test region was free from obstructions or constraints. The device applied a controlled
bending force at specific points along the sample while measuring the applied load and the
resulting deflection [18,19]. More specifically, we used a three-point bending test instrument
owned by the University of Insubria (Buster model 8526) (Figure 2). The setup of the test
consisted of a three-point bending test with 5 mm between the center and the ends. Each
sample was evaluated with bending of 1 mm, the instrument was calibrated to perform
20 steps, and each step was 50 microns. The descent speed was set at 500 microns/minute.
Then, 20 steps in one direction, and when the maximum deflection point was reached,
20 steps in the opposite direction, were taken to assess the deflection, and a total of
40 steps were sampled. The chamber in which the tests were carried out was a controlled
atmosphere, with a temperature of 28 ◦C and 80% humidity, the maximum operating
temperature at which the testing instrument maintains its accuracy and reliability. Each
test was repeated 5 times for each sample. The obtained data were exported to Excel (v365
Microsoft, Redmond, WA, USA), reporting a distance column and a force column for each
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test. All the obtained data were thus statistically analyzed using SPSS v26 software (SPSS
Inc., Chicago, IL, USA).
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The analysis aims to determine the relationship between the added rigid resin amount
and the specimens’ mechanical properties.

Furthermore, comparing the mechanical properties of the resin specimens and the
nickel-titanium wires can provide valuable insights into the potential of the resin to meet
the mechanical demands of orthodontic treatments.

3. Results

In this study, the results of the mechanical tests were analyzed to determine the mean
and standard deviation for each test point. The data were then summarized in a table to
present the mean values point-by-point. The mean values were calculated by averaging the
results of the five repetitions of each test, and the standard deviation was used to indicate
the variability of the results. The results of the t-test showed that there were no statistically
significant differences within the different groups of specimens. This information was
crucial in determining the overall mechanical performance of the resin specimens and the
nickel-titanium wires. The summary table allowed for an easy comparison of the mean
values and visually represented the results (Table 1).
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Table 1. Raw data of load-deflection test in grams.

Position in
Microns Graphy 1

0% Ortho Rigid
2

10% Ortho Rigid
3

19% Ortho Rigid
4

27% Ortho Rigid
5

42% Ortho Rigid
6

54% Ortho Rigid
7

65% Ortho Rigid Ni-Ti 16 × 16 Ni-Ti 16 × 22

0 11 ± 0.5 15 ± 0.7 26 ± 1.3 20 ± 1.1 13 ± 0.5 28 ± 1.3 65 ± 3.2 12 ± 0.4 26 ± 1.1 62 ± 2.4
50 57 ± 2.3 29 ± 1.1 37 ± 1.8 36 ± 1.7 29 ± 1.3 51 ± 2.4 95 ± 4.6 52 ± 2.1 49 ± 1.9 96 ± 3.8
100 126 ± 6.3 49 ± 2.0 59 ± 2.9 55 ± 2.6 49 ± 24.4 78 ± 3.9 139 ± 6.8 93 ± 3.7 74 ± 2.8 139 ± 5.5
150 191 ± 9.4 67 ± 2.5 75 ± 3.7 71 ± 3.5 72 ± 3.6 104 ± 5.2 171 ± 8.4 129 ± 5.1 106 ± 4.2 159 ± 6.3
200 253 ± 11.8 85 ± 4.3 88 ± 4.4 83 ± 4.1 101 ± 4.9 127 ± 6.3 205 ± 10.1 172 ± 6.8 126 ± 4.9 187 ± 7.5
250 306 ± 14.3 98 ± 4.5 104 ± 5.2 98 ± 4.8 127 ± 6.2 146 ± 7.3 242 ± 12.1 220 ± 8.8 143 ± 5.6 220 ± 8.8
300 364 ± 17.2 114 ± 6.0 121 ± 6.1 115 ± 5.7 149 ± 7.3 166 ± 8.2 278 ± 11.1 275 ± 10.9 169 ± 6.7 257 ± 10.2
350 417 ± 19.85 132 ± 6.8 141 ± 6.9 135 ± 6.6 172 ± 8.6 191 ± 9.4 318 ± 12.7 316 ± 12.6 198 ± 7.8 292 ± 11.7
400 479 ± 22.9 147 ± 7.2 150 ± 7.4 150 ± 7.4 199 ± 9.8 215 ± 10.6 357 ± 14.3 360 ± 14.3 232 ± 9.0 325 ± 13.0
450 535 ± 25.7 162 ± 8.2 179 ± 8.8 177 ± 8.7 236 ± 11.7 239 ± 11.8 391 ± 15.5 411 ± 16.3 267 ± 10.6 350 ± 13.9
500 585 ± 28.1 173 ± 8.6 200 ± 9.8 193 ± 9.5 256 ± 12.7 259 ± 12.7 442 ± 17.7 458 ± 18.3 296 ± 11.8 375 ± 15.2
550 640 ± 31.0 203 ± 10.1 195 ± 9.6 202 ± 10.1 277 ± 13.7 290 ± 14.5 469 ± 18.6 524 ± 20.9 325 ± 12.7 391 ± 15.6
600 686 ± 33.1 224 ± 11.2 222 ± 11.1 225 ± 11.2 307 ± 15.2 305 ± 15.2 509 ± 20.2 564 ± 28.1 345 ± 13.5 401 ± 16.1
650 734 ± 35.7 220 ± 11.1 246 ± 12.3 250 ± 12.5 343 ± 17.1 327 ± 16.2 557 ± 22.3 604 ± 24.1 367 ± 14.5 404 ± 16.1
700 771 ± 37.5 240 ± 11.9 269 ± 13.4 274 ± 13.6 380 ± 18.9 353 ± 17.6 604 ± 24.1 669 ± 26.7 382 ± 15.3 403 ± 16.1
750 809 ± 39.4 260 ± 13.1 295 ± 14.6 300 ± 14.9 421 ± 21.1 381 ± 19.0 654 ± 32.7 731 ± 29.2 392 ± 15.7 400 ± 16.0
800 863 ± 42.1 281 ± 14.1 314 ± 15.5 321 ± 15.8 452 ± 22.5 408 ± 20.4 702 ± 28.0 800 ± 31.7 396 ± 15.8 399 ± 15.9
850 921 ± 45.0 302 ± 15.1 322 ± 16.1 335 ± 16.6 474 ± 23.6 433 ± 21.6 739 ± 29.6 869 ± 34.5 398 ± 15.8 401 ± 16.0
900 967 ± 47.2 318 ± 15.6 336 ± 16.7 350 ± 17.4 497 ± 24.7 463 ± 23.1 769 ± 30.6 927 ± 36.8 398 ± 15.9 406 ± 16.2
950 1017 ± 48.8 329 ± 16.3 347 ± 17.2 364 ± 18.1 515 ± 25.6 486 ± 24.3 800 ± 32.1 960 ± 38.4 406 ± 16.2 408 ± 16.3

1000 1048 ± 49.4 338 ± 16.9 360 ± 17.9 374 ± 18.6 537 ± 26.7 502 ± 25.1 826 ± 33.1 1000 ± 39.9 408 ± 16.3 408 ± 16.2
950 925 ± 44.8 287 ± 14.3 307 ± 15.3 329 ± 16.3 482 ± 24.1 448 ± 22.3 724 ± 28.8 895 ± 35.7 373 ± 14.9 373 ± 14.9
900 810 ± 39.7 255 ± 12.7 275 ± 13.7 299 ± 14.8 438 ± 21.9 409 ± 20.4 664 ± 26.5 814 ± 32.4 351 ± 14.0 349 ± 13.8
850 732 ± 35.5 223 ± 11.1 248 ± 12.4 268 ± 13.3 401 ± 20.0 371 ± 18.4 608 ± 24.3 747 ± 37.3 332 ± 13.2 328 ± 13.1
800 652 ± 31.1 196 ± 9.8 222 ± 11.1 240 ± 11.9 370 ± 18.4 338 ± 16.7 556 ± 22.2 668 ± 26.7 316 ± 12.6 307 ± 12.2
750 568 ± 27.9 173 ± 8.6 195 ± 9.6 213 ± 10.6 333 ± 16.6 309 ± 15.2 501 ± 19.9 604 ± 24.1 300 ± 11.7 286 ± 11.4
700 518 ± 24.3 147 ± 7.3 168 ± 8.3 188 ± 9.3 294 ± 14.7 279 ± 13.8 453 ± 18.1 534 ± 21.3 283 ± 11.3 268 ± 10.7
650 464 ± 22.1 125 ± 6.2 140 ± 6.9 163 ± 8.1 258 ± 12.8 246 ± 12.1 399 ± 15.9 470 ± 18.8 274 ± 10.9 252 ± 10.1
600 402 ± 19.5 106 ± 5.3 115 ± 5.7 136 ± 6.7 224 ± 11.2 220 ± 10.8 344 ± 13.7 418 ± 16.7 263 ± 10.4 241 ± 9.6
550 340 ± 16.5 100 ± 5.1 96 ± 4.8 112 ± 5.5 193 ± 9.5 206 ± 10.2 302 ± 12.1 391 ± 15.6 257 ± 10.2 224 ± 8.9
500 287 ± 13.7 70 ± 3.2 82 ± 4.1 96 ± 4.7 170 ± 8.3 178 ± 8.7 289 ± 11.5 331 ± 13.2 252 ± 9.7 214 ± 8.5
450 238 ± 11.2 53 ± 2.6 84 ± 4.2 91 ± 4.4 156 ± 7.8 148 ± 7.2 244 ± 9.7 265 ± 10.5 238 ± 9.5 205 ± 8.2
400 188 ± 9.1 38 ± 1.8 47 ± 2.3 63 ± 3.1 119 ± 5.8 127 ± 6.2 190 ± 7.4 231 ± 9.2 215 ± 8.6 197 ± 7.8
350 140 ± 6.4 25 ± 1.2 32 ± 1.6 46 ± 2.2 89 ± 4.4 102 ± 5.1 153 ± 6.1 188 ± 7.5 191 ± 7.6 193 ± 7.7
300 97 ± 4.5 10 ± 0.6 23 ± 1.1 31 ± 1.4 68 ± 3.4 81 ± 3.8 119 ± 4.4 143 ± 5.7 164 ± 6.5 195 ± 7.8
250 56 ± 2.2 1 ± 0.1 12 ± 0.6 17 ± 0.7 52 ± 2.6 63 ± 2.7 89 ± 3.5 99 ± 3.8 138 ± 5.5 198 ± 7.9
200 16 ± 0.6 0 ± 0.0 1 ± 0.0 4 ± 0.2 29 ± 1.3 43 ± 1.9 63 ± 2.5 60 ± 2.3 115 ± 4.6 180 ± 7.2
150 0 ± 0.2 0 ± 0 0 ± 0.0 0 ± 0 5 ± 0.2 23 ± 1.1 32 ± 1.2 27 ± 1.0 101 ± 3.9 156 ± 6.2
100 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 3 ± 0.1 2 ± 0.1 0 ± 0.0 76 ± 3.1 138 ± 5.5
50 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 44 ± 1.7 109 ± 4.3
0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0 22 ± 0.8 57 ± 2.2
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After calculating the mean values and standard deviations, the next step in analyzing
the results was to select the maximum load value for each test (Table 2). The maximum
load value was determined as the highest force recorded during each test, and it provided
a measure of the maximum strength of the specimens and the nickel-titanium wires. This
value was used to compare the mechanical performance of the tested materials, and it
provided valuable information on the potential use of resin-based materials in orthodontic
applications.

Table 2. Maximum load value.

Graphy Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Ni-Ti 16 × 16 Ni-Ti 16 × 22

Max
load 1048 g 338 g 360 g 374 g 537 g 502 g 826 g 1000 g 408 g 408 g

The results of the mechanical tests showed that all the tested specimens and nickel-
titanium wires displayed the classic load-deflection pattern of shape-memory materi-
als. This pattern is characterized by a non-linear relationship between the load applied
and the resulting deflection, with a significant increase in deflection under increasing
load (Figure 3).
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Figure 3. Load deflection.

Using the maximum load values obtained from the mechanical tests, a graph was
constructed to evaluate the behavior of the materials. This table allowed for a direct com-
parison of the mechanical properties of the resin-based materials and the nickel-titanium
wires, including their maximum strength and overall mechanical performance. The table
was used to highlight any trends or patterns in the results and to identify all the areas where
the resin-based materials performed similarly or differently from the nickel-titanium wires.
This information was crucial in determining the potential use of resin-based materials as an
alternative to traditional orthodontic materials and in understanding their behavior under
stress. The graph provided a visual representation of the results. It allowed for an easy
comparison of the mechanical properties of the tested materials (Figure 4). Figure 4 will be
useful in future studies on the use of resin-based materials in orthodontic treatments.
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To further understand and predict the behavior of the materials, a polynomial linear
regression function was calculated (Figure 4). This function was used to model the relation-
ship between the load applied and the resulting deflection and to make predictions about
the materials’ behavior under different conditions. The regression function was calculated
using the maximum load values obtained from the mechanical tests. The resulting formula
had an r2 value of 0.9564, which indicates a strong correlation between the variables. This
high correlation provides confidence in the ability of the regression function to accurately
predict the behavior of the materials.

4. Discussion

This study has several limitations that should be acknowledged. Firstly, the sample
size used in the study was relatively small, which may restrict the generalizability of the
findings to a larger population. Future studies should consider increasing the sample size
to enhance the robustness of the results. Another limitation is that the printed material was
exposed to a single testing session, which may not accurately reflect its long-term behavior
under repeated cyclic loads. It is essential to investigate the material’s durability and
stability over time to assess its suitability for orthodontic applications. The geometry of the
diaphragm samples was simplified, as they were printed in a rectangular shape rather than
replicating the complex dental arch shape. This simplified geometry may not fully capture
the intricate mechanical behavior and stress distribution observed in real-life orthodontic
scenarios. Future studies could explore more realistic sample geometries to better reflect
clinical conditions. Furthermore, the study focused on a limited set of evaluation indexes
for mechanical properties, potentially overlooking other important parameters. A more
comprehensive assessment, encompassing a wider range of evaluation indexes, would
provide a complete understanding of the material’s mechanical behavior. It is important
to note that this study was conducted in an in vitro laboratory setting, which may not
fully replicate the dynamic and complex oral environment. To validate the findings and
ensure their relevance in clinical practice, further research involving in vivo or clinical
studies is necessary. Additionally, the study primarily compared the printed material to
nickel-titanium wires, neglecting a comparison with other commonly used orthodontic
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materials. Such comparisons are necessary for the ability to assess the material’s relative
performance and advantages compared to alternative options.

The mechanical properties of thermoplastic materials play a key role in achieving the
planned orthodontic movements. Aligners should be biocompatible, transparent, and they
should have good elasticity, resilience, and low hardness. In this context, it is important to
experimentally evaluate the mechanical properties of each material before using it because
the data provided by the companies cannot always be considered a reference [5]. In our
study, the results of the mechanical tests on the resin-based materials and nickel-titanium
wires showed that the resin-based materials had mechanical properties comparable to
those of traditional orthodontic materials [6,13,20]. Nowadays, thermoforming techniques
are the most widespread and used method to produce clear aligners, but 3D-printed
aligners are increasingly spreading in the global orthodontic world. The aim of this paper
was to compare the mechanical properties of traditional orthodontic materials with new
3D-printing resins [12,21–24].

All the samples exhibited the classic load-deflection pattern of shape-memory materi-
als, demonstrating their ability to revert to their original shape after being subjected to stress
and suggesting their possible use in orthodontic treatments. The load-deflection pattern
provides valuable information on the mechanical behavior of the materials under stress. It
will be useful in future studies on the use of resin-based materials in orthodontic treatments.
As previously stated by Groth et al., the response to flexural forces is fundamental in
orthodontic applications because a model will flex when the aligner is removed [25,26].

Furthermore, selecting the maximum load value was an important step in analyzing
the results, as it allowed for an evaluation of the mechanical properties of the materials
under maximum stress. The maximum load values and the other results provided valuable
insights into the potential use of resin-based materials as an alternative to traditional
orthodontic materials.

The addition of NextDent Ortho Rigid resin to the NextDent Ortho Flex resin base
significantly increased the materials’ maximum load values and overall mechanical perfor-
mance. More specifically, the resin blend with the highest concentration of NextDent Ortho
Rigid resin (65%) produced the greatest increase in maximum load values.

The results of this study suggest that the resin blend can be adjusted to meet the
specific mechanical requirements of different clinical cases, though further studies are
necessary to determine the optimal concentration of this resin mixture.

We can, therefore, hypothesize that in the future, it will be possible to choose different
mixtures of resins according to the treatment phase or the patient’s needs to have more or
less flexible materials. Finally, the polynomial linear regression function calculated from
the maximum load values obtained from the mechanical tests showed a strong correlation
(r2 = 0.9564) between the applied load and the resulting deflection. This provides confidence
in the ability of the regression function to accurately predict the behavior of the resin-based
materials under different conditions and loads.

Besides the information related to the materials’ properties, this research also provided
valuable insight for orthodontists in evaluating and predicting the performance of 3D-
printed aligners, providing data which are not usually reported in technical sheets. Further
mechanical tests are suggested to have a complete picture of the characteristics of these
materials. For example, it would be useful to investigate the behavior of the tested materials
over time. A clear aligner should be able to exert constant light forces, but this is a
challenging task.

Orthodontists know the elastic properties of nitinol and steel arch wires, which exert a
constant force until the deflection changes. On the contrary, clear aligners are viscoelastic,
so their behavior may considerably vary over time [13]. The force exerted by aligners
decreases over time (stress relaxation), which may influence the treatment efficacy. It is
important to evaluate this decay to have an idea of whether it will provide effective tooth
movement [22].
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Among the limitations of this study, it is important to note that these days, NextDent
Ortho Flex is intended only for use as a 3D-printing resin for dental splints and retainers.
Any use of this material that deviates from the manufacturer’s instructions may impact
its chemical and physical properties. For this reason, the results of this research should
be interpreted bearing in mind that this is an in vitro study. Similarly, the manufacturer
has not approved the six tested resin blends for clinical use. Therefore, further research
and evaluation would be required to determine their suitability for orthodontic treatments.
Other studies are necessary to determine their clinical efficacy and long-term performance.

5. Conclusions

In conclusion, the results of this study suggest that resin-based materials may have
potential as an alternative to traditional orthodontic materials. The ability to adjust the
mechanical properties of the materials through blending and their high correlation with con-
ventional orthodontic materials make them a promising option for orthodontic treatments.
The results of this study indicate that resin-based materials have comparable mechanical
properties to traditional orthodontic materials. The blend of the NextDent Ortho Flex resin
base with varying percentages of NextDent Ortho Rigid resin produced materials with a
range of mechanical properties, offering the potential to tailor the material properties to
specific clinical needs. The strong correlation between the maximum load values and the
predicted behavior of the resin-based materials, as determined by the polynomial linear
regression function, further supports the potential use of these materials in orthodontic
treatments. Further research is necessary to fully evaluate these materials’ clinical efficacy
and long-term performance.
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