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Abstract:

Background:

The demand for clear aligners has risen due to advances in digital dentistry and patient preference for aesthetic
orthodontic solutions. Direct 3D printing of aligners offers greater efficiency than conventional thermoforming
methods. However, factors such as print angulation may influence their accuracy and precision. This study
evaluates the effect of different print angulations on the dimensional accuracy of 3D-printed aligners using
Senertek Clear A resin.

Materials and Methods:

Thirty-nine maxillary aligners were 3D-printed at three angulations (45°, 70°, and 90°) using a Sprintray 3D
printer. Post-processing included curing and surface preparation with CAD/CAM spray for scanning. High-
resolution scans were obtained using a SHINING 3D intraoral scanner and superimposed on original STL files
in Geomagic Control X software to analyze dimensional deviations.

Results:

Print angulation significantly influenced the accuracy of the aligners, with variations observed at different levels
of the teeth. Optimal accuracy was noted at specific angulations, while others exhibited minor deviations affecting
fit.

Conclusion:

Optimizing print angulation enhances the dimensional accuracy of 3D-printed aligners, improving clinical
outcomes. Future research should explore additional factors such as material properties and post-curing
techniques to refine aligner fabrication protocols.
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. Introduction

In recent years, the demand for adult orthodontics has increased significantly due to breakthroughs in
dental technology as well as aesthetic preference™. The simplicity and comfort of contemporary aligners, as well
as the health advantages of having a bite that is properly aligned, are responsible for this. Patients are increasingly
considering clear aligner therapy, according to the orthodontic industry, as more individuals place a higher value
on oral health and appearanced. Computer-aided design (CAD) technology can now be used in modern
orthodontic offices thanks to recent developments in digital dentistry®l.

Alginate and PVS (polyvinyl siloxane) are two traditional methods of obtaining impressions that have
been somewhat marginalized by the innovation of digital impressions[4,5]Reduced patient pain, time savings,
clinical process simplification, and the ability to record and save extremely accurate data are just a few of the
many benefits that intraoral scanners can provide.By using intraoral scanners, practitioners may now easily
manipulate three-dimensional (3D) digital models, which facilitates the essential measurements for precise
diagnosis and treatment planning[4,6].Instead of using traditional manufacturing techniques that depend on
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machining, molding, and subtractive procedures, 3D printers are now used which allows for the layer-by-layer
printing of parts.[7]

A technique called rapid prototyping (RP) uses digital data to recreate a three-dimensional (3D)
structure. This incredibly flexible additive printing method uses a print head-deposited liquid to repeatedly deposit
material "layer by layer” until the product is physically represented!®],

Directly 3D-printed aligners are made layer by layer from digital 3D models, as opposed to the indirect
method, which involves thermoforming aligners over models. The majority of 3D printers polymerize resins in
vertical, diagonal, or horizontal orientations using a light source. Because fewer layers and lines are required
across the labial surfaces of the anterior teeth, horizontal orientation is typically the fastest per aligner. On the
other hand, more appliances may be produced in a single print job thanks to vertical printing. Furthermore, the
orientation chosen affects how printing supports are distributed. Printing in either a horizontal or vertical position
has been shown to be accurate and typically satisfies patient expectations, regardless of the type of 3D printerl®,

Even though 3D-printed clear aligners are becoming more and more common in adult orthodontics,
printing procedures are still not standardized. The accuracy, precision, and mechanical strength of the finished
product can be greatly impacted by important variables such print angulation, printer type, and material qualities.
Nevertheless, not much research has been done to systematically assess the influence of these factors, particularly
when it comes to advanced materials like Senertek Clear A resin. It is essential to comprehend how these elements
affect the quality of 3D-printed aligners in order to enhance treatment results, streamline manufacturing
procedures, and guarantee dependable, consistent performance in various clinical contexts. In order to narrow this
gap and offer data-driven insights for creating more efficient protocols in 3D-printed orthodontics, this study is
essential. Thus the aim of the study is to compare the accuracy and precision of 3D-printed clear aligners at various
angle setting.

Il.  Material And Methods
This prospective comparative study was carried out on patients of Department of Tagore dental college
and hospital,Vandalur,Chennai from July 2024 to October 2024. A total 13 STL files from previously treated
patients were used.

Study Design: Prospective open label observational study

Study Location: This study done in Department of Tagore dental college and hospital, Vandalur, Chennai.
Study Duration: July 2024 to October 2024.

Sample size: 13

Sample size calculation: The sample size was calculated using G Power software to ensure adequate statistical
power. A priori power analysis was conducted for a one-tailed t-test, targeting an effect size (dz) of 0.5, with an
alpha (a) level of 0.05 and desired power of 0.49. This analysis determined a noncentrality parameter (d) of 1.80
and a critical t-value of 1.78, with 12 degrees of freedom. The total sample size needed was calculated to be 13,
achieving an actual power of 0.52.

Procedure methodology

In the study, 3D-printed maxillary aligners were created using STL files from patients who had
previously received treatment. Using CHITUBOX software, these STL files were processed and made ready for
printing. The aligners were set up at three distinct print angulations: 45°, 70°, and 90°. Senertek Clear A resin
was used for printing utilizing the Phrozen ks 3D printerl I9(Fig 1).

Fig 1: Senertek Clear A Resin And Phrozen Ks 3D Printer[
Fig 2: Printed Shape Memory Aligners At 90,° 70°, 45° Respectively
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To guarantee uniform surface detailing and quality, the printing process was carried out with a layer
resolution of 100 um. Each angulation group was given 13 of the 39 maxillary aligners that were printed(Fig 2).

After printing, the supports in the aligners are removed and the aligners were centrifuged and post-
processed, which included curing in glycerin to improve their dimensional stability and mechanical qualities(Fig
3).

Fig 3: Processing and Curing

After curing, the internal surfaces of the aligners were uniformly sprayed with a CAD/CAM spray to
improve scan quality by reducing reflection and boosting surface recognition during the scanning process®,

The internal surfaces of the printed aligners were then scanned using the SHINING 3D intraoral scanner,
capturing high-resolution digital impressions. These scans were converted to STL file format for additional
investigation. Three bilateral landmarks located at the incisal/occlusal portions of teeth, the mid-crown level, at
the gingival margins are used for superimposition. The generated STL files, as well as the original maxillary STL
files from the patients, were loaded into Geomagic Control X software for superimposition and analysis™®,

To assess the dimensional accuracy and overall precision of the aligners, a detailed superimposition
process was performed. This involved aligning the STL files based on three bilateral landmarks at predefined
levels: the incisal/occlusal portions of the teeth, the mid-crown level, and the gingival margins. The
superimposition allowed for a comparative analysis of the printed aligners against the original digital designs.

I11.  Result

Superimposition analysis was performed in Geomagic Control X software by comparing the patient’s
original STL files with aligners printed at 45°, 70°, and 90°(Fig 4a).The analysis revealed varying degrees of
discrepancies across different regions of the aligners(Fig 4b).

Aligners printed at 45° exhibited noticeable discrepancies in the premolar and molar regions, indicating
deviations from the original STL file in these areas. Aligners printed at 70° exhibited discrepancies primarily in
the incisor region, while those printed at 90° demonstrated discrepancies in the incisor, premolar, and molar
regions.

Among the three tested angulations, the aligners printed at 70° showed the highest level of dimensional
accuracy, showing minimal deviation from the original STL files. Aligners printed at 45° showed slightly more
discrepancies than those printed at 70°, but they still maintained a good level of accuracy. While some deviations
were noticeable, especially in the premolar and molar regions, the overall fit remained fairly reliable, making 45°
the second-best option.

In contrast, aligners printed at 90° had the most significant variations, with discrepancies appearing
across various regions, including the incisors, premolars, and molars. This suggests that printing aligners at 90°
leads to the greatest deviations from the original STL file, which could affect fitness of the aligners

These findings indicate that a 70° print angulation offers the best accuracy and fit, minimizing
discrepancies in key areas. The 45° angulation is a next alternative, with slightly higher but still manageable
deviations. However, the 90° angulation results in the most inaccuracies, making it the least suitable option for
producing well-fitting shape memory aligners.
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Fig 4: 4a.STL files of patient and aligners printed at three different angulations 45°, 70°, and 90°; 4b.
Original superimposed colour mapping using Geomagic Control X software.

IV.  Discussion

A common oral health issue that affects both orofacial function and long-term psychosocial well-being
is malocclusion. The goal of orthodontic treatment is to improve mastication and attractiveness while correcting
malocclusion and craniofacial skeletal abnormalities.!*!!

However, the impact of orthodontic appliances on the oral microbiota and periodontal tissues must be
recognized. Inserting orthodontic appliances modifies the structure of plaque biofilm, which has a substantial
impact on dental and periodontal health2,

Removable appliances provide a solution by making patients' dental hygiene practices easier. Adult
patients seeking orthodontic treatment have increased recently, and they are expecting more comfortable and
visually acceptable options than standard fixed equipment*3],

Recent advancements in digital dentistry have significantly transformed orthodontic practices,
particularly with the integration of 3D printing technologies. The ability to directly fabricate orthodontic
appliances, such as aligners, using 3D printing offers enhanced efficiency and customization compared to
traditional methods. However, the accuracy of these 3D-printed appliances is influenced by various factors,
including print orientation. For instance, a study by McCarty et al. demonstrated that print orientation and
ultraviolet curing duration significantly affect the dimensional accuracy of 3D-printed orthodontic clear aligner
designst™. Their findings suggest that optimizing these parameters is crucial for producing clinically effective
aligners.

In retainers, Cole et al. evaluated the fit of 3D-printed retainers compared to thermoformed retainers and
found that while thermoformed retainers had slightly better accuracy, 3D-printed retainers still fell within
clinically acceptable limits. Their study highlighted that deviations in 3D-printed retainers were slightly higher
but did not significantly impact clinical function.Applying this concept to aligners, our study assesses how print
angulation affects the accuracy of 3D-printed alignerst**. The findings highlight the influence of print angulation
on the dimensional accuracy and surface detail of the aligners. The use of a high-resolution 3D printing system
with a 100 um layer thickness ensured a reliable baseline for assessing these parameters.

The incorporation of three distinct angulations (45°, 70°, and 90°) allowed for a comprehensive
comparison, demonstrating the effect of orientation on the final printed outcome. Print angulation directly impacts
layer adhesion, structural integrity, and post-curing deformation, which are critical factors in achieving clinically
acceptable aligners. The use of a CAD/CAM spray and SHINING 3D intraoral scanner ensured precise digital
scans of the internal surfaces, enabling accurate superimposition in Geomagic Control X software.

The superimposition methodology, utilizing bilateral landmarks at the incisal/occlusal, mid-crown, and
gingival levels, provided a robust framework for evaluating deviations between the original STL designs and the
printed aligners. This approach ensures a detailed assessment of both accuracy (how closely the printed aligners
match the digital design) and precision (reproducibility across multiple aligners).

The study underscores the importance of optimizing print orientation to minimize discrepancies and
improve the overall fit of aligners. Such improvements in accuracy are critical for clinical applications where the
aligners' fit impacts the effectiveness of orthodontic treatments.Future studies should investigate additional
aspects such as resin characteristics, curing methods, and alternative printing technologies to further optimize the
reliability of 3D-printed aligners. Previous studies have highlighted similar outcomes. For example, Williams et
al. explored the effect of print angulation on the accuracy of 3D-printed retainers and found that accuracy at cusp
tips and incisal edges remained clinically acceptable across all tested angulations, while smooth surfaces exhibited
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deviations that occasionally surpassed acceptable thresholds™l, Their work underscores the importance of
optimizing print angulation to balance time efficiency and material usage with accuracy.

Additionally, research by Camenisch et al. investigated the influence of printing orientation on the
mechanical properties of 3D-printed aligners®l. Their results indicated no substantial differences in mechanical
strength across various print orientations. This suggests that while angulation may not heavily impact the
durability of aligners, it plays a significant role in achieving accurate fit and surface quality.

The findings of this study are consistent with the conclusions drawn by Williams et al. and Camenisch
et al., highlighting that while mechanical properties may remain stable, print angulation directly affects the
dimensional accuracy and clinical fit of 3D-printed appliances. This reinforces the need for careful selection of
print orientations to improve clinical outcomes.

Future research could focus on evaluating additional parameters, such as the influence of different resin
types, post-curing conditions, and patient-specific aligner designs, to further refine the 3D printing process for
orthodontic applications. Optimizing these variables will enhance both the accuracy and practicality of 3D-printed
orthodontic devices, ensuring better patient outcomes in clinical practice.

V.  Conclusion

Superimposing the STL files of aligners printed at 3 different angulation showed that printing angulation
affects the accuracy of the aligner.

The aligners printed at 70° showed least discrepancies.This is followed by aligners printed at 45°.The
aligners printed at 90° showed maximum discrepancies.

This limitation of the study is that the sample size of the study is small and it did not evaluate the
functional performances of aligners.
Future research could focus on additional factors such as functional performance in clinical setting.

References

[1]. Johal A, Damanhuri SH, Colonio-Salazar F. Adult Orthodontics, Motivations For Treatment, Choice, And Impact Of Appliances: A
Qualitative Study. Am J Orthod Dentofacial Orthop. 2024;166(1):36-49.

[2]. Almogbel A. Clear Aligner Therapy: Up To Date Review Article. J Orthod Sci. 2023 Sep 4;12:37. Doi: 10.4103/Jos.Jos_30_23.
PMID: 37881665; PMCID: PMC10597356.

[3]. Jyosthna, A., Dhayananth, L. X., Clement, E. A., Piradhiba, R., & Nambi, N. (2022). A Review—CAD/CAM In Orthodontics. Journal
Of Research In Medical And Dental Science, 10(2), 253-257.

[4]. Christopoulou I, Kaklamanos EG, Makrygiannakis MA, Bitsanis I, Perlea P, Tsolakis Al. Intraoral Scanners In Orthodontics: A
Critical Review. Int J Environ Res Public Health. 2022 Jan 27;19(3):1407. Doi: 10.3390/1jerph19031407. PMID: 35162430; PMCID:
PMC8834929.

[5] Christensen G.J. The Challenge To Conventional Impressions. J. Am. Dent. Assoc. 2008;139:347-349.

Doi: 10.14219/Jada.Archive.2008.0165.

[6]. Mangano F., Gandolfi A., Luongo G., Logozzo S. Intraoral Scanners In Dentistry: A Review Of The Current Literature. BMC Oral
Health. 2017;17:149. Doi: 10.1186/S12903-017-0442-X.

[7]. Tartaglia GM, Mapelli A, Maspero C, Santaniello T, Serafin M, Farronato M, Caprioglio A. Direct 3D Printing Of Clear Orthodontic
Aligners: Current State And Future Possibilities. Materials (Basel). 2021 Apr 5;14(7):1799. Doi: 10.3390/Mal14071799. PMID:
33916462; PMCID: PMC8038630.

[8]. Mohd Tahir N, Wan Hassan WN, Saub R. Comparing Retainers Constructed On Conventional Stone Models And On 3D Printed
Models: A Randomized Crossover Clinical Study. Eur J Orthod. 2019 Aug 8;41(4):370-380. Doi: 10.1093/Ejo/Cjy063. PMID:
30321319

[9]. Camenisch, L., Polychronis, G., Panayi, N. Et Al. Effect Of Printing Orientation On Mechanical Properties Of 3D-Printed Orthodontic
Aligners. J Orofac Orthop (2024). Https://Doi.Org/10.1007/S00056-023-00511-0

[10].  Koenig N, Choi JY, Mccray J, Hayes A, Schneider P, Kim KB. Comparison Of Dimensional Accuracy Between Direct-Printed And
Thermoformed Aligners. Korean J Orthod. 2022 Jul 25;52(4):249-257. Doi: 10.4041/Kjod21.269. Epub 2022 Apr 22. PMID:
35466087; PMCID: PMC9314211.

[11]. S Petti E Barbato AS D'Arca Effect Of Orthodontic Therapy With Fixed And Removable Appliances On Oral Microbiota: A Six-
Month Longitudinal Studynew Microbiol19972015562

[12]. M Karadas K Cantekin M Celikoglu Effects Of Orthodontic Treatment With A Fixed Appliance On The Caries Experience Of
Patients With High And Low Risk Of Cariesj Dent Sci2011641959

[13]. G Rossini S Parrini T Castroflorio A Deregibus CL Debernardi Efficacy Of Clear Aligners In Controlling Orthodontic Tooth
Movement: A Systematic Reviewangle Orthod20158558819

[14].  Mccarty MC, Chen SJ, English JD, Kasper F. Effect Of Print Orientation And Duration Of Ultraviolet Curing On The Dimensional
Accuracy Of A 3-Dimensionally Printed Orthodontic Clear Aligner Design. Am J Orthod Dentofacial Orthop. 2020 Dec;158(6):889-
897. Doi: 10.1016/J.Ajodo.2020.03.023. PMID: 33250102.

[15]. Cole D, Bencharit S, Carrico CK, Arias A, Tufek¢i E. Evaluation Of Fit For 3D-Printed Retainers Compared With Thermoform
Retainers. Am J Orthod Dentofacial Orthop. 2019 Apr;155(4):592-599. Doi: 10.1016/J.Ajod0.2018.09.011. PMID: 30935614

[16].  Williams A, Bencharit S, Yang IH, Stilianoudakis SC, Carrico CK, Tufekci E. Effect Of Print Angulation On The Accuracy And
Precision Of 3D-Printed Orthodontic Retainers. Am J Orthod Dentofacial Orthop. 2022 Jan;161(1):133-139.

Doi: 10.1016/J.Ajodo.2021.01.020. PMID: 35012743.

DOI: 10.9790/0853-2402044549 www.iosrjournals.org 49 | Page


https://doi.org/10.1007/s00056-023-00511-0

