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ABSTRACT  
This study aimed to report forces and moments delivered by 3D-printed aligners. Tera Harz TC-85 
resin and Zendura FLX (ZF) thermoformed sheets (0.76 mm) were used. Rectangular strip 
specimens (50 × 10 × 0.6 mm) were produced for a three-point bending test (3PB) at different 
temperatures. Full anatomical aligners were produced for 3D force measurements on different 
teeth and directions at 37 °C, using a custom-made device. ZF exhibited flexural forces between 
1.7 and 2.3 N, while TC-85 from 0.3 N to 2.7 N, with temperature affecting TC-85 more 
significantly. At lower temperatures, TC-85 was stiffer than ZF, but at higher temperatures, it 
became less rigid. The 3D-force measurements indicated comparable values for both materials. 
Force ranged from 0.3–1.7 N and moment from 4.8–9.4 Nmm. The study concluded that TC-85 
3D-printed aligners deliver biologically compatible forces for orthodontic movement and offer 
better control over thickness.
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Highlights

. The 3D-printed Tera Harz TC-85 resin revolutionises 
aligner production.

. Tera Harz TC-85 aligners generate forces within the 
orthodontic accepted range.

. Shape recovery of TC-85 can enable adaptability and 
larger incremental step size.

. The 3D printing offers greater control over aligner 
design and thickness.

Introduction

Orthodontic clear aligners have emerged as an increas
ingly attractive, hygienic, and more comfortable alterna
tive to traditional braces [1]. Moreover, a reduced risk of 
root resorption with orthodontic aligner treatment was 
reported [2]. They apply forces to teeth based on predeter
mined movements in a virtual model, typically ranging 
from 0.2–0.4 mm in translation and 2–3 degrees in 
rotation [3]. While the sequential orthodontic treatment 

system associated with aligners has proven to deliver 
effective tooth movement, the increased number of 
splints per treatment raises the risk of deviation 
between the intended treatment outcomes and the 
actual clinical results [4]. Additionally, it escalates the 
financial burden per treatment and substantially increases 
plastic consumption, posing a significant environmental 
concern [5].

The biomechanical behaviour of aligners is controlled 
by multiple factors, such as aligner thickness [6–8], 
extension and trimming line design [8–10], the amount 
of activation [8, 11], and the use of auxiliaries [12, 13]. 
However, the aligner materials remain one of the most 
essential variables associated with mechanical and clini
cal efficiency [14, 15]. Conventional thermoformed 
aligners are made of a single layer of plastic sheets 
made of different types of polymers, such as polyethy
lene terephthalate glycol (PETG) or thermoformed poly
urethane (TPU) [14, 16–18] Moreover, multi-layer hybrid 
materials have been introduced to overcome the limit
ations of single-layer materials, providing enhanced 
mechanical properties and greater patient comfort [19].
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Shape memory polymers (SMPs) have been intro
duced recently as an innovative aligner material that 
can overcome the limited aligner step size, by replacing 
several conventional aligners with a single aligner of 
SMPs [5, 18, 20]. SMPs can effectively maintain a tempor
ary shape until they encounter an appropriate stimulus, 
at which point they promptly return to their original 
form [21, 22]. Hence, they show the capacity to 
achieve higher strain levels and can adopt multiple tem
porary shapes [23]. Their shape memory mechanism 
involves two key components: A stable polymer 
network that controls the initial shape, and a reversible 
polymer network that enables temporary shape recov
ery [21, 24]. The current concept involves utilising the 
shape recovery of this material to apply sustained 
force to teeth over a wide range of movements [18, 20].

The rising popularity of clear aligner therapy in ortho
dontic care has provoked advancements in intraoral 
scanning, design software, and three-dimensional (3D) 
printing technologies [25]. Traditionally, orthodontic 
aligners were crafted using thermoforming, a widely 
used technique in orthodontics for making appliances 
like retainers and aligners. This method involves 
heating a thermoplastic material until it softens, then 
shaping it over a dental model. After cooling and hard
ening, the material retains the molded shape, resulting 
in a custom-fitted appliance [26]. The traditional thermo
forming process is negatively affecting the material’s 
mechanical properties [27, 28]. Thus, as an alternative 
strategy, direct 3D printing of aligners has recently 
been introduced [29, 30]. The 3D printing procedure 
eliminates the cumulative errors associated with the 
conventional thermoforming workflow. Besides, 3D 
printing provides improved precision, greater control 
over aligner design and thickness, reduced complexity 
in the supply chain, decreased material wastage, and 
lower production costs [31, 32]. This development high
lights the importance of evaluating the efficiency and 
precision of these materials in applying orthodontic 
forces [33].

The emergence of 3D-printed resin into the aligner 
orthodontic market has sparked a transformative shift 

in the field. However, there remains a need for compre
hensive investigations, especially in areas critical to clin
icians. Among these areas, the examination of forces and 
moments applied to different teeth during various direc
tional movements is vital. In this regard, our research 
team is conducting an extensive project to explore this 
advancement on various levels, including their physical 
and mechanical characteristics [20], biocompatibility, 
geometric precision, and force dynamics. In the current 
experimental study, the primary objective was to 
present data on the forces and moments exerted by 
the first photocurable 3D-printed aligners launched in 
the market (Tera Harz TC-85; Graphy, Seoul, Republic 
of Korea) on different teeth of the upper jaw under 
varying temperature conditions. These findings were 
compared to those of a commonly used conventional 
thermoformed aligner (Zendura FLX; Bay Materials, 
Fremont, CA, USA).

Materials and methods

Two materials were used in the current study: One 3D- 
printed material, namely Tera Harz TC-85 (TC-85), and 
one thermoformed material as a control, namely 
Zendura FLX (ZF) (Table 1). The testing specimens 
were produced in two configurations: rectangular 
strips (for a three-point bending test) and full anatomical 
aligners (for 3D force measurements) (Figure 1).

To produce the rectangular strips, thermoplastic 
sheets of ZF underwent a thermoforming process over 
a custom-made mold per the manufacturer’s guidelines 
outlined in Table 1. This thermoforming process led to 
the thinning of the sheets from 0.75 mm to approxi
mately 0.6 mm [34], confirmed with a digital calliper 
(Fisher Scientific International Inc., Hampton, NH, USA). 
Using scissors, the resulting specimens were sub
sequently cut into rectangular strips measuring 50 ×  
10 × 0.6 mm, with the edges refined using a polishing 
machine. In contrast, TC-85 specimens were directly 
3D-printed in a rectangular strip form with dimensions 
of 50 × 10 × 0.6 mm using 3D image processing and 

Table 1. Data on the investigated aligner materials.
Name Manufacturer Thickness | 3D Printing / Thermoforming Conditions Material Composition

Tera Harz 
TC-85† 

(TC-85)

Graphy AG 
(Seoul, South 
Korea)

Thickness: 0.6 mm | 3D printing using a DLP-type 3D printer 
(Uniz NBEE; Uniz, CA, USA), with a layer thickness of 100 µ, 
followed by UV light photo-curing (wavelength: 405 nm) 
under Nitrogen conditions for 25 minutes using a special post- 
curing device (Tera Harz Cure; Graphy, South Korea).

Urethane acrylate oligomer with acrylic monomers.

Zendura 
FLX™ 

(ZF)

Bay Materials 
(Fremont, CA, 
USA)

Thickness: 0.75 mm | Thermoforming by heating for 50 s at 220 ° 
C, and pressure-forming at 5.8 bar, then cooling for 60 s, 
employing a thermoforming device (Biostar®; Scheu-Dental 
GmbH, Iserlohn, Germany) (Code: 162).

Three-layer sheet of a middle thermoplastic soft 
elastomeric thermoplastic Polyurethane (TPU) layer 
and two hard layers of co-polyester.

†TC-85 is certified by CE, FDA, and KFDA.
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editing software (3-matic 16.0; Materialise, Leuven, 
Belgium) (Figure 1).

The production of anatomical aligners involved utilis
ing a digital model of a maxillary arch created from a 3D 
data set (Digimation Corp., St Rose, Louisiana, USA). This 
model was exported as an STL file and processed in two 
ways. First, it was sent to a digital light processing (DPL) 
3D printer (P20+; Straumann AG, Basel, Switzerland), 
where it was printed using P pro resin (Straumann AG, 
Basel, Switzerland). This resin model was used in the 
thermoforming process to fabricate the ZF sheets. On 
the other hand, the digital model was employed to 
design full anatomical aligners in 3-matic software, 3D- 
printed from TC-85, following the specified conditions 
outlined in Table 1. In total, eighteen aligners were pro
duced for each tested material. Each aligner featured a 
straight trimming line precisely positioned 2 mm 
above the gingival line (Figure 1). A skilled technician 
executed the thermoforming and trimming processes 
to ensure standardisation across the specimens.

In the current study, two types of tests were con
ducted: A three-point bending test (3PB) and a 3D 
force measurements test using a custom-made device 
(Orthodontic Measurement and Simulation System, 
OMSS; Oral Technology, University Hospital Bonn, 
Bonn, Germany) (Figure 2). OMSS is a biomechanical 
setup that consists of a measuring unit, coupled to a 
sensor, that can replicate 3D tooth movements while 
measuring force/deflection or moment/rotation ratios. 

Moreover, it is enclosed in a temperature-controlled 
dry chamber, allowing the tests to be conducted at 
different temperatures [35, 36].

For the 3PB test by OMSS, the device was adjusted at 
a three-point configuration with a span length of 24 mm 
and a consistent rate of 5 mm/min (Figure 2). A vertical 
deflection of 2 mm was applied to each specimen, and 
the maximum force at the maximum deflection was sub
sequently measured. This test was conducted at 20 °C, 
25 °C, 30 °C, 37 °C, and 40 °C, with a permissible tempera
ture deviation of ±0.5 °C. For each material, a total of 30 
specimens were prepared, with six specimens assigned 
to each temperature (n = 6). The test involved two 
cycles, each of which involved loading and unloading. 
The force/deflection curves from these two cycles were 
recorded and analyzed.

For force and moment measurements by OMSS, three 
different models (duplicates of the model used for ther
moforming) were made from a self-cure resin (Technovit 
4004; Kulzer, Hanau, Germany). As shown in Figure 2, in 
each model, one targeted tooth was made movable 
apart from the model, namely the upper right central 
incisor (Tooth 11), the upper right canine (Tooth 13), 
and the upper right second premolar (Tooth 15), and 
the neighbouring teeth were slightly ground proximally 
for smooth insertion of the tooth without resistance. The 
movable tooth was then affixed to the measuring unit 
sensor, while the model was securely fixed with the 
occlusal plane set parallel to the sensor axis. This setup 

Figure 1.  Schematic diagram illustrating the workflow employed to produce specimens (Rectangular Strips or Full Anatomical 
Aligners) in the present study, using either the thermoforming process or 3D printing.
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ensured the tooth was neutrally positioned in the dental 
arch, and no forces or moments were applied to the 
tooth in its initial position (Figure 2).

The eighteen aligners of each material were divided 
into three groups (n = 6) based on the type of the 
tested tooth. For each aligner, the measuring unit 
with the tooth was moved in the X  – (intrusion/extru
sion) and Y  – (oro-vestibular translation) axes by ±0.4 
mm in 0.01 mm increments and rotated around the X- 
axis (rotation around the tooth axis) by ±4° in both 
directions in 0.1° increments, where positive (+) rep
resents intrusion, oral, mesial movement, and vice 
versa. The simulations were conducted in dry con
ditions and at a constant temperature of 37 °C, 
which reflects the normal oral temperature. The 
OMSS was preheated to ensure thermoregulation of 
the testing heat chamber and minimise destabilised 

temperature during testing. Additionally, the aligners 
and the typodont, with the removable tooth, were 
pre-placed in the preheated OMSS chamber for consist
ent conditions. Force/translation and moment/rotation 
curves were recorded for each measurement. Following 
each measurement, the setup’s adjustment was re- 
checked and corrected if necessary.

Statistical analysis

Calculation of sample size was performed using software 
G*Power (version 3.1, Duesseldorf, Germany) at a signifi
cance level of 0.05 and a study power of 80%. Effect size 
was derived based on the data from Hahn et al. [37]. The 
minimum sample size was four per group, but the 
present study used six samples (n = 6) [38].

Figure 2.  The orthodontic measurement and simulation system (OMSS) was configured in two ways. The upper setup was employed 
to assess the maximum flexural strength through a 3-point bending test. Meanwhile, the lower configuration was utilised to gauge 
the force and moment exerted by orthodontic aligners on an individual separated tooth, connected to a sensor.
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The primary data for each group underwent analysis to 
determine the maximum values for force and/or moment. 
The normal distribution of all data was assessed using the 
Kolmogorov-Smirnov test, which confirmed that all data 
followed a normal distribution. Thus, mean and standard 
deviation were calculated, and Student’s t-test (two-sided, 
unpaired) for normally distributed data was employed. To 
account for multiple tests, a Bonferroni correction was 
applied. A difference was considered significant if the p- 
value was less than 0.05. Mean values and standard devi
ations were presented, and the results were depicted in 
bar graphs to visualise the changes in force and/or 
moment for each group. Statistical analyses were con
ducted using Microsoft Excel 2016 (Microsoft Corporation, 
Redmond, WA, USA), utilising both its built-in statistical 
functions and custom routines.

Results

As illustrated in Figure 3, the 3-point bending (3PB) test 
conducted at different temperatures from 20 °C to 40 °C 
revealed that the mean maximum flexural force values 
for Zendura FLX (ZF) consistently fell within a narrow 
range of 1.7 N to 2.3 N. However, the mean maximum 
flexural force values for Tera Harz TC-85 (TC-85) spanned 
a broader range of 0.3 N to 2.7 N. Within the testing con
ditions, TC-85 exhibited temperature-dependent 
responses. Specifically, the flexural force notably 
decreased with rising temperature. This was in contrast 
with ZF, which exhibited less sensitivity to temperature 
within the specified range. At lower temperatures (20 °C 
and 25 °C), TC-85 demonstrated higher force values than 
ZF, indicating greater rigidity at room temperature. 

Conversely, at higher temperatures (37 °C and 40 °C), TC- 
85 exhibited lower values of maximum flexural force 
falling within the range of 0.3 N to 0.9 N at oral tempera
ture. ZF specimens maintained consistent force levels 
over the two testing cycles, whereas TC-85 exhibited a 
decrease in force during the second cycle, indicative of 
its plastic behaviour within the specified temperature 
range.

As shown in Figure 4 of the force/moment measure
ments at 37 °C, both materials exhibited generally com
parable values, although significant differences were 
observed in certain directions of movement, but with 
no discernible trend. The force/moment values exhibited 
minor variations between different investigated teeth, 
with more significant differences observed in the oro- 
vestibular translation. In addition, the force/moment 
values showed a directional dependence, with the 
force (Fx) being higher during intrusion than extrusion 
in all teeth, and the force (Fy) being higher during oral 
translation than vestibular translation in Tooth 13 and 
Tooth 15, and vice versa in Tooth 11. For intrusion-extru
sion movements, the force (Fx) ranged from 1.2 N to 2.7 
N for intrusion and 0.3 N to 0.8 N for extrusion. For oro- 
vestibular movements, the force (Fy) ranged from 0.6 N 
to 1.7 N for oral translation and 0.4 N to 1.7 N for vestib
ular translation. For mesiodistal rotation, the moment 
(Mx) ranged from 5.6 Nmm to 9.4 Nmm for mesial 
rotation and 4.8 Nmm to 7.0 Nmm for distal rotation.

Discussion

As an aesthetic and a more hygienic alternative to con
ventional braces, orthodontic clear aligners are a focus 

Figure 3.  The maximum flexural force measured over two cycles of a 2 mm deflection for two different aligner materials, Zendura FLX 
(right) and Tera Harz TC-85 (left), at various temperatures.
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Figure 4.  Force and moment generated by aligners made of Zendura FLX and Tera Harz TC-85 materials for Tooth 11, 13, and 15.
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of ongoing orthodontic research designed to improve 
their efficiency and functionality. The thermoforming 
manufacturing process influences the mechanical prop
erties of conventional aligner materials [27], hence, 
using advanced materials with enhanced properties 
could greatly improve the effectiveness of aligner treat
ments [5, 18]. Moreover, the sequential systems of 
aligner treatment may lead to lower efficacy, increased 
costs, and negative environmental impact [4]. The 
restricted tooth movement per individual aligner splint 
leads to a higher quantity of splints required for treat
ment. This escalation not only raises the financial cost 
per treatment but also substantially increases plastic 
consumption, posing an environmental concern. 
Hence, the introduction of SMPs and 3D printing in 
aligner technology may offer a more accurate, cost- 
effective, and economically friendly solution [5, 18, 20, 
30, 39]. The primary objective of the current experimen
tal study was to present data on the force system of the 
first 3D-printed aligners introduced to the market (Tera 
Harz TC-85).

A mechanical property of high interest, when analyz
ing orthodontic aligner materials, is their flexural 
strength during deflection. In orthodontic appliances 
like aligners, flexural strength is an indicator of their 
effectiveness for tooth movement [28]. The 3-point 
bending test (3PB) is one method used to determine 
the flexure modulus and the maximum force delivered 
upon deflection [5]. This test assesses the ability of 
aligners to facilitate tooth movement, based on the prin
ciple that a misaligned tooth applies deflection to the 
aligner while adjacent teeth serve as anchorage points, 
similar to the action of an archwire [5, 28]. The current 
study replicated the oral translation of an upper 
central incisor. Hence, the distance between the sup
ports (span length) was established at 24 mm, represent
ing the average widths of two maxillary central incisors 
and one lateral incisor [40].

Numerous studies [5, 20, 28, 40, 41] have reported the 
maximum flexural force of aligner materials using the 
3PB test. An orthodontic force ranging from 0.1–1.2 N 
is recommended in clinical conditions, depending on 
the specific tooth and the type of movement required 
[42]. In the current study, the 3PB test was conducted 
at temperatures ranging from 20 to 40 °C. ZF exhibited 
flexural forces between 1.7 and 2.3 N, while TC-85 
ranged from 0.3 N to 2.7 N, with temperature having a 
more significant impact on TC-85. Kwon et al. [40] 
reported a force of 1.0 N for a 1.0 mm deflection on 
Essix aligner materials at room temperature, which 
aligns closely with the current results considering the 
2.0 mm deflection. Furthermore, Atta et al. [20] reported 
forces of 2.4 N for ZF and 0.4 N for TC-85 at 37 °C on a 2.0 

mm deflection. This outcome slightly deviated from our 
findings but is still within a comparable range. Addition
ally, Elshazly et al. [5] reported forces of 1.7 and 1.0 N for 
another 4D aligner material (ClearX) at 37 and 45 °C, 
respectively.

In line with the findings of Lee et al. [39], the low 
flexural force of the 3D-printed aligner materials (TC- 
85) at oral temperature observed in the current study 
is more compatible with orthodontic tooth movement 
and achieved a superior performance to the conven
tional thermoformed aligner material (ZF). TC-85 con
sists of an aliphatic vinyl ester-urethane polymer with 
methacrylate functionalization, as determined by a 
recent ATR-FTIR study [31]. In contrast, ZF is a multi- 
layer TPU-based polymer comprising high molecular 
weight copolymers with aromatic rings that show 
strong pi-pi stacking interactions [43]. The interactions 
between the aliphatic polymer chains are relatively 
weaker than those in aromatic chains [44]. Moreover, a 
thermosetting polymer changes from a rigid, glassy 
state to a more flexible, rubbery state at the glass tran
sition temperature (Tg) [45]. Below Tg, the polymer is 
in a glassy state, exhibiting typically high flexural 
strength. As the temperature approaches Tg, the 
polymer begins transitioning to a rubbery state, result
ing in a rapid decrease in flexural force [45]. Atta et al. 
[20] reported a Tg of TC-85 at the midpoint of 42.3 °C, 
which started at 30.4 °C, while Tg of ZF was at the mid
point of 107.1 °C. This may explain why a force drop was 
observed with TC-85 during the 3PB test between 20 
and 40 °C, whereas ZF exhibited minimal changes due 
to its temperature range being well far from its Tg.

Additionally, the minor deformation and the decrease 
in force observed in TC-85 material specimens during 
the second cycle can be attributed to its low Tg being 
near the testing temperature, a characteristic not 
demonstrated by ZF. Nevertheless, this deformity, 
together with the shape recovery property documented 
for TC-85 at oral temperature [20, 39], can guarantee 
more adaptability, long-lasting efficacy, and larger incre
mental movement size per aligner. Thermoplastic 
aligner materials, which exhibit a viscoelastic nature, 
partially revert to their original shape when deformed 
over teeth, generating forces used in tooth movement 
[4]. Therefore, the presence of shape memory properties 
at oral temperature can enhance the material’s ability to 
efficiently recover its shape over extended treatment 
periods [18, 26]. This is in marked contrast to the conven
tional aligner materials, which experience significant 
force decay within the initial days [46].

Measuring the complex 3D system of forces and 
moments generated by an aligner is challenging, 
especially since the optimal orthodontic force varies 
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from tooth to tooth [34]. In the current study, initial force 
and moment were measured on three different maxillary 
teeth at 37 °C using a reliable custom-designed biome
chanical device (OMSS) [36]. Proffit et al. [42] gave esti
mated recommendations for orthodontic force 
application for various tooth movements. They rec
ommended a force of between 0.1 and 0.2 N for intru
sion, 0.7 and 1.2 N for tipping and bodily movement, 
and 1.0 and 1.5 N for rotation control [42]. In the 
current study, at a 0.4 mm deflection of Tooth 11, 
Tooth 13, and Tooth 15, the force was recorded within 
the range of 0.3 N to 0.8 N, for extrusion, 1.2 N to 2.7 
N for intrusion, and from 0.4 N to 1.7 N for oro-vestibular 
translation. The mesiodistal moment at a 4° rotation 
ranged from 4.8 Nmm to 9.4 Nmm. The direction-depen
dent pattern of the force/moment generation and diver
gence between different teeth are likely attributable to 
the distinct facial and lingual morphologies of individual 
teeth and variations between teeth [7, 8].

The current findings on thermoformed aligners are 
matching with previous studies that used similar mech
anical setups. Hahn et al. [7, 47] reported oro-vestibular 
forces, on a 0.15 mm deflection of a maxillary central 
incisor ranging from 2.7 N (oral) to 3.1 N (vestibular). 
Likewise, Elkholy et al. [48] found that the average 
moment during a 15° distal rotation of a mandibular 
canine was 42.5 Nmm [49]. Elshazly et al. [46] reported 
moment values ranging from 13.6 Nmm (mesial 
rotation) to 40.0 Nmm (distal rotation) for a 2° rotation 
of an upper second premolar, using Zendura A material 
which is more rigid than Zendura FLX. Engelke et al. [50] 
recorded moments ranging from 4.3 Nmm to 20.2 Nmm 
for 10° rotations of an upper central incisor. Kohda et al. 
[51] reported forces of 2.91 N generated at a 0.5 mm 
movement of an upper central incisor.

There is limited comparative data in the literature 
regarding the force system of 3D-printed aligners fabri
cated from TC-85. Hertan et al. [52] reported force 
values of 1.2 N with a 0.2 mm facio-lingual displacement 
of Tooth 11. Furthermore, Grant et al. [53] reported a 
force level of 1.4 N for a 0.2 mm oro-vestibular displace
ment of Tooth 11, extrusive forces of 0.12 N, and a 
mesiodistal moment of 5.97 Nmm. These findings align 
with the current results and indicate that the forces pro
duced by TC-85 aligners are compatible with the rec
ommended orthodontic force levels.

Experimental testing of biomechanical systems has 
inherent limitations. In OMSS the sensor and tooth 
were rigidly connected, limiting the simulation of some 
clinical parameters such as the periodontal ligament, 
mastication, and soft-tissue reactions. Moreover, OMSS 
records the resultant force, providing limited insights 
into force distribution across the tooth’s surface. 

Additionally, force/moment was measured for an isolated 
experimental movement of a single tooth, which is a sim
plified model not reflective of complex clinical cases.

An additional limitation is that the printed material 
underwent testing only once, which might not ade
quately capture its long-term response to repeated 
cyclic loads. Evaluating the material’s durability and 
stability over time is essential to determine its suitability 
for orthodontic purposes. During functional use, each 
aligner undergoes intermittent thermal and mechanical 
stresses. Short-term mechanical stresses arise during 
aligner insertion and removal, while long-term stresses 
emanate from sustained contact between the aligners 
and malaligned teeth, as well as the forces exerted 
during teeth contact [54]. These factors, together with 
other intraoral conditions such as salivation and humid
ity, were not comprehensively considered in the present 
study. Although these conditions have been reported to 
impact force generation over time with thermoformed 
materials [46, 55], their effects on 3D-printed materials 
have not yet been documented.

Future research should explore variations in force dis
tribution over the tooth surface and between different 
aligner materials. The potential influence of oral aging 
conditions on the physiochemical and mechanical 
characteristics of 3D-printed materials should also be 
assessed. Conducting a deflection load analysis on 3D- 
printed aligner materials could offer further validation 
of their mechanical properties, particularly their per
formance under varying load conditions. Further exper
imental studies and clinical trials are necessary for a 
comprehensive assessment of the performance and 
long-term implications of 4D aligners.

Conclusion

Compared to conventional thermoformed aligners, 3D- 
printed aligners using Tera Harz TC-85 demonstrate 
the ability to deliver orthodontically compatible forces 
for orthodontic tooth movement in experimental set
tings. Unlike thermoformed aligners, 3D-printed aligners 
provide improved control over thickness.
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